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The Purpose and Intended Readership of This Manual
Thank you very much for your continued special support for Cypress products.

The MB95560H/570H/580H Series is a line of products developed as general-purpose products in the New 8FX family of pro-
prietary 8-bit single-chip microcontrollers applicable as application-specific integrated circuits (ASICs). The MB95560H/570H/
580H Series can be used for a wide range of applications from consumer products including portable devices to industrial
equipment.

Intended for engineers who actually develop products using the MB95560H/570H/580H Series of microcontrollers, this man-
ual describes its functions, features, and operations. You should read through the manual.

For details on individual instructions, refer to "F2MC-8FX Programming Manual".

This manual is written to explain the respective configurations and operations of peripheral functions, but not to provide spec-
ifications of a device.

For detailed specifications of a device, refer to its data sheet.

Note: F2MC is the abbreviation of Cypress Flexible Microcontroller.
Trademark

The company names and brand names in this document are the trademarks or registered trademarks of their respective own-
ers.

Sample Programs

Cypress provides sample programs free of charge to operate the peripheral functions of the New 8FX family of microcon-
trollers. Feel free to use such sample programs to check the operational specifications and usages of Cypress products.

Note that sample programs are subject to change without notice. As these pieces of software are offered to show standard
operations and usages, evaluate them sufficiently before use with your system. Cypress assumes no liability for any damages
whatsoever arising out of the use of sample programs.
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This chapter describes the features and basic specifications of the MB95560H/570H/580H Series.
1.1 Features of MB95560H/570H/580H Series

1.2 Product Line-up of MB95560H/570H/580H Series

1.3  Differences among Products and Notes on Product Selection
1.4 Block Diagram of MB95560H/570H/580H Series

1.5 Pin Assignment

1.6 Package Dimension

1.7 Pin Functions

1.8 I/O Circuit Types

1.1 Features of MB95560H/570H/580H Series

In addition to a compact instruction set, the MB95560H/570H/580H Series is a series of general-purpose single-chip micro-
controllers with a variety of peripheral functions.

m Features of MB95560H/570H/580H Series
a F2MC-8FX CPU core

Instruction set optimized for controllers

o Multiplication and division instructions
16-bit arithmetic operations
Bit test branch instructions
Bit manipulation instructions, etc.
Clock
Selectable main clock source

a o o oo

Main oscillation clock (Up to 16.25 MHz, maximum machine clock frequency is 8.125 MHz)

External clock (Up to 32.5 MHz, maximum machine clock frequency is 16.25 MHz)
Main CR clock (4 MHz +2%)
The frequency can become 8 MHz by multiplying the main CR clock by a PLL multiplication rate of 2.
The frequency can become 10 MHz by multiplying the main CR clock by a PLL multiplication rate of 2.5.
The frequency can become 12 MHz by multiplying the main CR clock by a PLL multiplication rate of 3.
The frequency can become 16 MHz by multiplying the main CR clock by a PLL multiplication rate of 4.

a1  Selectable subclock source

Suboscillation clock (32.768 kHz)

External clock (32.768 kHz)

Sub-CR clock (Typ: 100 kHz, Min: 50 kHz, Max: 150 kHz)

o Timer

8/16-bit composite timer

Time-base timer

10 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A
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Watch prescaler

7 LIN-UART (only available on MB95F562H/F562K/F563H/F563K/F564H/F564K/F582H/F582K/F583H/F583K/F584H]
F584K)

Full duplex double buffer

Capable of clock synchronous serial data transfer and clock asynchronous serial data transfer

o External interrupt

Interrupt by the edge detection (rising edge, falling edge, and both edges can be selected)

Can be used to wake up the device from different low-power consumption modes (also called standby modes)

8/10-bit A/D converter

8-bit or 10-bit resolution can be selected

o Low power consumption modes (standby modes)

Stop mode

Sleep mode

Watch mode

Time-base timer mode

o 1/O port

MB95F562H/F563H/F564H (maximum no. of I/O ports: 16)
General-purpose I/0O ports (CMOS 1/0): 15
General-purpose /O ports (N-ch open drain): 1

MB95F562K/F563K/F564K (maximum no. of I/0 ports: 17)
General-purpose I/0O ports (CMOS 1/0): 15
General-purpose 1/O ports (N-ch open drain): 2

MB95F572H/F573H/F574H (maximum no. of I/O ports: 4)
General-purpose I/O ports (CMOS 1/0): 3
General-purpose I/O ports (N-ch open drain): 1

MB95F572K/F573K/F574K (maximum no. of I/O ports: 5)
General-purpose I/O ports (CMOS 1/0): 3
General-purpose I/O ports (N-ch open drain): 2

MB95F582H/F583H/F584H (maximum no. of I/O ports: 12)
General-purpose /O ports (CMOS 1/O): 11
General-purpose 1/O ports (N-ch open drain): 1

MB95F582K/F583K/F584K (maximum no. of I/O ports: 13)
General-purpose /O ports (CMOS 1/O): 11
General-purpose |/O ports (N-ch open drain): 2

o On-chip debug

1-wire serial control

Serial writing supported (asynchronous mode)

o Hardware/software watchdog timer

Built-in hardware watchdog timer

Built-in software watchdog timer

0 Power-on reset

A power-on reset is generated when the power is switched on.

o Low-voltage detection reset circuit (only available on MB95F562K/F563K/F564K/F572K/F573K/F574K/F582K/F583K/
F584K)

Built-in low-voltage detector
o Clock supervisor counter

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 11
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Built-in clock supervisor counter function
o Dual operation Flash memory

The program/erase operation and the read operation can be executed in different banks (upper bank/lower bank) simultane-
ously.

o Flash memory security function

Protects the content of the Flash memory.

1.2 Product Line-up of MB95560H/570H/580H Series

Table 1-1. to Table 1-3. list the product line-up of the MB95560H/570H/580H Series.
m  Product Line-up of MB95560H/570H/580H Series

Table 1-1. Product Line-up of MB95560H Series (Sheet 1 of 2)

rt Number
MB95F562H || MB95F563H || MB95F564H || MB95F562K || MB95F563K || MB95F564K
Type Flash memory product
gcl)zfllzesrupemsor It supervises the main clock oscillation.
E:;th;:;emory 8 Kbyte 12 Kbyte 20 Kbyte 8 Kbyte 12 Kbyte 20 Kbyte
RAM capacity 240 bytes 496 bytes 496 bytes 240 bytes 496 bytes 496 bytes
Power-on reset Yes
Low-voltage
detection SEeset No Yes
Reset input Dedicated Selected through software
B Number of basic instructions 1 136
B Instruction bit length : 8 bits
CPU functions | Instruc.tion length : 1to 3 bytes .
B Data bit length : 1, 8 and 16 bits
B Minimum instruction execution time : 61.5 ns (machine clock frequency = 16.25 MHz)
B Interrupt processing time : 0.6 ps (machine clock frequency = 16.25 MHz)
m /O ports (Max) : 16 m /O ports (Max) : 17
Seneralpurpose Uy cumos 110 .15 m CMOS /0 .15
B N-chopendrain : 1 B N-chopendrain : 2
Time-base timer  |Interval time: 0.256 ms to 8.3 s (external clock frequency = 4 MHz)
Hardware/soft- B Reset generation cycle
ware watchdog Main oscillation clock at 10 MHz: 105 ms (Min)
timer B The sub-CR clock can be used as the source clock of hardware watchdog timer.
Wild register It can be used to replace three bytes of data.
B A wide range of communication speed can be selected by a dedicated reload timer.
LIN-UART B It has a full duplex double buffer.
B Both clock synchronous serial data transfer and clock asynchronous serial data transfer are enabled.
B The LIN function can be used as a LIN master or a LIN slave.
8/10-bit A/D con- |6 channels
verter 8-bit or 10-bit resolution can be selected.

12 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A
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Table 1-1. Product Line-up of MB95560H Series (Sheet 2 of 2)

rt Number
MB95F562H || MB95F563H || MB95F564H || MB95F562K || MB95F563K || MB95F564K
2 channels
B The timer can be configured as an "8-bit timer x 2 channels" or a "16-bit timer x 1 channel".
8/16-bit B It has the following functions: interval timer function, PWC function, PWM function and input capture
composite timer function.
B Count clock: it can be selected from internal clocks (seven types) and external clocks.
B It can output square wave.
6 channels
External - — -
interrupt B Interrupt by edge detection (The rising edge, falling edge, or both edges can be selected.)

B It can be used to wake up the device from the standby mode.

) B 1-wire serial control
On-chip debug . o
B It supports serial writing (asynchronous mode).

Watch prescaler  |Eight different time intervals can be selected.

B It supports automatic programming (Embedded Algorithm) and program/erase/erase-suspend/erase-
resume commands.

B It has a flag indicating the completion of the operation of Embedded Algorithm.

Flash memory B Flash security feature for protecting the content of the Flash memory
Number of program/erase cycles 1000 10000 100000
Data retention time 20 years 10 years 5 years
Standby mode Sleep mode, stop mode, watch mode, time-base timer mode
LCC-32P-M19
Package FPT-20P-M09
FPT-20P-M10
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Table 1-2. Product Line-up of MB95570H Series (Sheet 1 of 2)

rt Number
MB95F572H || MB95F573H || MB95F574H || MB95F572K || MB95F573K || MB95F574K
Type Flash memory product
Scl)clj(r:::esrupemsor It supervises the main clock oscillation.
E:;)Sahcg; emory 8 Kbyte 12 Kbyte 20 Kbyte 8 Kbyte 12 Kbyte 20 Kbyte
RAM capacity 240 bytes 496 bytes 496 bytes 240 bytes 496 bytes 496 bytes
Power-on reset Yes
Low-voltage
detection ?eset No ves
Reset input Dedicated Selected through software
B Number of basic instructions 1 136
B Instruction bit length : 8 bits
CPU functions | Instruc.tion length : 1to 3 bytes .
B Data bit length : 1, 8 and 16 bits
B Minimum instruction execution time : 61.5 ns (machine clock frequency = 16.25 MHz)
B Interrupt processing time : 0.6 ps (machine clock frequency = 16.25 MHz)
H /O ports (Max) : 4 m |/Oports (Max) :5
Seneralpurpose Uy cumos 110 3 m CMOS /0 3
B N-chopendrain : 1 B N-chopendrain : 2
Time-base timer  |Interval time: 0.256 ms to 8.3 s (external clock frequency = 4 MHz)
Hardware/soft- B Reset generation cycle
ware watchdog Main oscillation clock at 10 MHz: 105 ms (Min)
timer B The sub-CR clock can be used as the source clock of hardware watchdog timer.
Wild register It can be used to replace three bytes of data.
LIN-UART No LIN-UART
8/10-bit A/D con- |2 channels
verter 8-bit or 10-bit resolution can be selected.
1 channel
B The timer can be configured as an "8-bit timer x 2 channels" or a "16-bit timer x 1 channel".
8/16-bit B It has the following functions: interval timer function, PWC function, PWM function and input capture
composite timer function.
B Count clock: it can be selected from internal clocks (seven types) and external clocks.
B It can output square wave.
2 channels
External - — -
interrupt B Interrupt by edge detection (The rising edge, falling edge, or both edges can be selected.)

B It can be used to wake up the device from the standby mode.

On-chio deb B 1-wire serial control
-chi u
P g B It supports serial writing (asynchronous mode).

Watch prescaler  |Eight different time intervals can be selected.

B It supports automatic programming (Embedded Algorithm) and program/erase/erase-suspend/erase-
resume commands.

B It has a flag indicating the completion of the operation of Embedded Algorithm.

Flash memory B Flash security feature for protecting the content of the Flash memory
Number of program/erase cycles 1000 10000 100000
Data retention time 20 years 10 years 5 years
Standby mode Sleep mode, stop mode, watch mode, time-base timer mode
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Table 1-2. Product Line-up of MB95570H Series (Sheet 2 of 2)

Overview

rt Number
MB95F572H || MB95F573H || MB95F574H || MB95F572K || MB95F573K || MB95F574K
DIP-8P-M03

Package
FPT-8P-M08
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Table 1-3. Product Line-up of MB95580H Series (Sheet 1 of 2)

rt Number
MB95F582H | MB95F583H | MB95F584H | MB95F582K | MB95F583K | MB95F584K
Type Flash memory product
Scl)clﬁlzesrupemsor It supervises the main clock oscillation.
z;zhci:’;em"ry 8 Kbyte 12 Kbyte 20 Kbyte 8 Kbyte 12 Kbyte 20 Kbyte
RAM capacity 240 bytes 496 bytes 496 bytes 240 bytes 496 bytes 496 bytes
Power-on reset Yes
dmecton reset N Yes
Reset input Dedicated Selected through software
m  Number of basic instructions 1 136
W Instruction bit length : 8 bits
CPU functions || Instruc.tion length : 1to 3 bytes .
m Data bit length : 1, 8 and 16 bits
®  Minimum instruction execution time : 61.5 ns (machine clock frequency = 16.25 MHz)
B Interrupt processing time : 0.6 ps (machine clock frequency = 16.25 MHz)
m /O ports (Max) : 12 m /O ports (Max) : 13
Seneralpurpose Uy - cuos 110 L 11 m CMOS /0 S 11
m N-chopendrain : 1 m N-chopendrain : 2
Time-base timer  |Interval time: 0.256 ms to 8.3 s (external clock frequency = 4 MHz)
Hardware/soft- B Reset generation cycle
ware watchdog Main oscillation clock at 10 MHz: 105 ms (Min)
timer B The sub-CR clock can be used as the source clock of hardware watchdog timer.
Wild register It can be used to replace three bytes of data.
B A wide range of communication speed can be selected by a dedicated reload timer.
W It has a full duplex double buffer.
LIN-UART

B Both clock synchronous serial data transfer and clock asynchronous serial data transfer are enabled.
m The LIN function can be used as a LIN master or a LIN slave.

8/10-bit A/D con- |5 channels

verter 8-bit or 10-bit resolution can be selected.
1 channel
B The timer can be configured as an "8-bit timer x 2 channels" or a "16-bit timer x 1 channel".
8/16-bit B It has the following functions: interval timer function, PWC function, PWM function and input capture

function.
B Count clock: it can be selected from internal clocks (seven types) and external clocks.
W It can output square wave.
6 channels

composite timer

External

interrupt B Interrupt by edge detection (The rising edge, falling edge, or both edges can be selected.)

B It can be used to wake up the device from the standby mode.
W 1-wire serial control

B It supports serial writing (asynchronous mode).

|Eight different time intervals can be selected.

On-chip debug

Watch prescaler
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Table 1-3. Product Line-up of MB95580H Series (Sheet 2 of 2)

rt Number
MB95F582H | MB95F583H | MB95F584H | MB95F582K | MB95F583K | MB95F584K
B It supports automatic programming (Embedded Algorithm) and program/erase/erase-suspend/erase-
resume commands.
B It has a flag indicating the completion of the operation of Embedded Algorithm.
Flash memory B Flash security feature for protecting the content of the Flash memory
Number of program/erase cycles 1000 10000 100000
Data retention time 20 years 10 years 5 years
Standby mode Sleep mode, stop mode, watch mode, time-base timer mode
LCC-32P-M19
Package FPT-16P-M08
FPT-16P-M23

1.3 Differences among Products and Notes on Product Selection

The following describes differences among the products of the MB95560H/570H/580H Series and notes on product selection.
m Differences among Products and Notes on Product Selection

a  Current consumption
When using the on-chip debug function, take account of the current consumption of Flash program/erase.

For details of current consumption, refer to "Electrical Characteristics" in the data sheet of the MB95560H/570H/580H Series.

0 Package

For details of information on each package, see "1.6 Package Dimension".

o Operating voltage

The operating voltage varies, depending on whether the on-chip debug function is used or not. For details of the operating
voltage, refer to "Electrical Characteristics" in the data sheet of the MB95560H/570H/580H Series.

a  On-chip debug function

The on-chip debug function requires that V¢, Vg and 1 serial-wire be connected to an evaluation tool. For details of the
connection method, see "21. Example of Serial Programming Connection".

1.4 Block Diagram of MB95560H/570H/580H Series

Figure 1-1. to Figure 1-3. are the block diagrams of the MB95560H/570H/580H Series.
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m Block Diagrams of MB95560H/570H/580H Series
Figure 1-1. Block Diagram of MB95560H Series

F2MC-8FX CPU

PF2/RST2 4—» | Reset with LVD «—> Dual opergtion Fla_sh with
[ security function
(8/12/20 Kbyte)
PF1/X172 4—p
PFO/X02 4 Oscillator CR «—>{  RAM (240/496 bytes) |
PG2/X1A"™ 4—p| circuit oscillator
PG1/X0A™ «—» <—>| Interrupt controller |
A
Clock control |<—> — l4—» (P053/TO00)
<«—8/16-bit composite timer ch. 0F—»| [—» (P064/TO01)
(P12"//DBG) «— < le—» P12"//ECO, (PO4/ECO)

On-chip debug |<—>
Wild register Ja—>
External interrupt |<—>

Internal bus

[«—»{  8/10-bit A/D converter  f4— [4—» (PO0"3/ANOO to P05'3/ANO5)

P02'%/INTO02 to PO7°3/INTO7 4—

5 R A D

—» > (P62%/TO10)
(P0O2¥/SCK) 4, <—8/16-bit composite timer ch. 11— [e—> (P63%/TO11)
(P03%/SOT) «—»| LIN-UART [ l—]| le—» P64°3/ECH
(P0O4/SIN) <—
C 4>
Port |<—> 4—>| Port
Vee —» *1: PF2 and P12 are N-ch open drain pins.
Vss —» *2: Software option

*3: P00 to P03, P05 to P07 and P62 to P64 are high-current pins.

Note: Pins in parentheses indicate that functions of those pins are shared among different resources.
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Figure 1-2. Block Diagram of MB95570H Series

F2MC-8FX CPU

PF2"1/RST 24— a—s{

Reset with LVD |<_, Dual operation Flash with
[ security function
(8/12/20 Kbyte)

CR oscillator <_’l RAM (240/496 bytes) |

¢ <—>| Interrupt controller |

| Clock control

le—> (P053/7TO00)
le—> (PO6™4/TO01)
le—p P12°/ECO, (PO4/ECO)

8/16-bit composite timer ch. O
(P12'/DBG) <—» a—s{

On-chip debug

v

| Wild register

ril

Internal bus

[«—»  8/10-bit A/D converter  4—

[4—» P05%/ANO5, (P04/AN04)

P04/INT04, P06"%/INT06 4— —>| External interrupt

A A I )

Cea—>
Port 4—>| Port
Vee —» *1: PF2 and P12 are N-ch open drain pins.
Vss —»

*2: Software option
*3: P05 and P06 are high-current pins.

Note: Pins in parentheses indicate that functions of those pins are shared among different resources.
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Figure 1-3. Block Diagram of MB95580H Series

F2MC-8FX CPU

P027%/INTO2 to PO7"3/INTO7 <4—»| External interrupt |<—>

PF2'1/RST "2 4—p «—> Reset with LVD > Dual operation Flash with
[ security function
(8/12/20 Kbyte)
PF1/X172 4—p [P
PFO0/X0" 4—p — Oscillator CR <—>| RAM (240/496 bytes) |
PG2/X1A2 4¢—p| l—p| circuit oscillator
PG1/X0A™ 4+—» »> <—>| Interrupt controller |
A
| Clock control |<—> )l le—> (P05'3/TO00)
g <4—8/16-bit composite timer ch. 0—»| l4—» (P06°3/TO01)
(P127/DBG)4—>  [+—»] On-chip debug fe>2 «—| e P127/ECO, (PO4/ECO)
. g
| Wild register le—{ o
C e  8/10-bit A/D converter 14— [4—» (PO1°3/ANO1 to P05'3/ANO5)
l4—>
le—|
—]

(P02%/SCK) «—»
(P0O3™/SOT) «—»| LIN-UART [—p
(P0O4/SIN) <—|
C <
Port |<—> 4—>| Port
Vee —» *1: PF2 and P12 are N-ch open drain pins.
Vss —» *2: Software option

*3: P01 to P03 and P05 to P07 are high-current pins.

Note: Pins in parentheses indicate that functions of those pins are shared among different resources.

1.5 Pin Assignment

Figure 1-4. and Figure 1-5. show the pin assignment of the MB95560H/570H/580H Series.
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m Pin Assignment of MB95560H/570H/580H Series
Figure 1-4. Pin Assignment of MB95560H/570H/580H Series (1/2)

O O OO0 o0
2 222 2Z 22 2
o LUUUUUUL
Al — O OO 0O N~ O W
M MO O N N NN
X1/PF1[ ] 1 (TOP VIEW) 24 [ | PO7/INTO7
XO/PFO[ ] 2 23 [_| P12/EC0/DBG
Vss[ 1 3 22 [ | POB/INT06/TO01
X1A/PG2| ] 4 21 [_| PO5/INT05/AN05/TO00
X0A/PG1| ] 5 LCC-32P-M19 20 [_| PO4/INT04/AN04/SIN/ECO
Vec| ] 6 (MB95560H Series) 19 | P03/INTO3/ANO3/SOT
cl4 7 18 [ P02/INT02/AN02/SCK
_RST/PFZ :l 8 The number of usable pins is 20. 17 |: PO1/ANO1
eI ee
o
Bgee228g
3 3
e e
o
XO/PFO[| 1 (TOP VIEW) 20 |1 P12/EC0/DBG
X1/PF1[ | 2 19| PO7/INTO7
Vss[| 3 18 |1 P06/INT06/TO01
X1A/PG2[ ] 4 17 |1 PO5/INT05/ANO5/TO00
X0A/PG1[ ]| 5 16 |__] P04/INT04/AN04/SIN/ECO
FPT-20P-M09
Vec[| 6 FPT-20P-M10 151 PO3/INTO3/AN0O3/SOT
c[ 7 (MB95560H Series) 14 |1 P02/INT02/AN0O2/SCK
RST/PF2[| 8 13 [ 1 PO1/ANO1
TO10/P62[ | 9 12 ] POO/ANOO
TO11/P63 [ ] 10 11| ] P64/EC1
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Figure 1-5. Pin Assignment of MB95560H/570H/580H Series (2/2)
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OO0 00000 Oo
22222222
o ULULULUULLUL
85833 KAA
X1/PF1]_] 1 (TOP VIEW) 24 | PO7/INTO7
X0/PFO| ] 2 23 | P12/EC0/DBG
Vss| ] 3 22 [ ] PO6/INT06/TOO01
X1A/PG2| ] 4 LCC-32P-M19 21 ] PO5/INT05/ANO5/TO00
X0A/PG1|_1 5 (MB95580H Series) 20 [_| P04/INT04/AN04/SIN/ECO
Vee| ] 6 19 [_| PO3/INTO3/AN0O3/SOT
cl 17 18 [_| P02/INT02/AN02/SCK
WT/PFZ :l 8 The number of usable pins is 16. 17 |: PO1/ANO1
-2 Re
O 0O 000000
22222222
o
X1/PF1[ ] 2 15|__] PO7/INTO7
Vss[| 3 14 |1 PO6/INT06/TO01
X1A/PG2 [ ] 4 13 |__] PO5/INT05/AN05/TO00
FPT-16P-M08
X0A/PG1[ ] 5 FPT-16P-M23 12 |1 PO4/INT04/AN04/SIN/ECO
Vce |: 6 (M895580H Series) 11 :l PO3/INTO3/AN03/SOT
RST/PF2[ | 7 10|__] PO1/ANO1
c[] s 9|1 P0O2/INT02/AN02/SCK
[
Vss[ | 1 (TOP VIEW) 8[| ] P12/ECO/DBG
Vee[ ]| 2 7 ] PO6/INT06/TOO01
c] 3 Eé'igi:mgg 6 |1 PO5/ANO5/TO00
RST/PF2[ ] 4 5[] PO4/INT0O4/ANO4/ECO

(MB95570H Series)

1.6

Package Dimension

The MB95560H/570H/580H Series are available in seven types of package.

22
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m Package Dimension of LCC-32P-M19
Figure 1-6. Package Dimension of LCC-32P-M19

0.02 50
(:001 2621

© 2009-2010 FUJITSU SEMICONDUCTOR LIMITED C32071S-¢-1-2

(0.20(.008))

32-pin plastic QFN Lead pitch 0.50 mm
Package width x 5.00 mm x 5.00 mm
package length
Sealing method Plastic mold
Mounting height 0.80 mm MAX

Weight 0.06 g
(LCC-32P-M19)
32-pin plastic QFN
(LCC-32P-M19)
5.00+0.10
(.197+.004) (.138+.004)
| UUUUUU
i 1 =
! ) (-
| o -
500010 | L | 350:010 [0 | i | =
(.197+.004) INDEX !AREA (.138+.004) ) (& 0.25 95
i D) d ]
| ) ‘\C
| i -
| NAANNNNN
(3-R0.20) 0.40+0.05
((3-R.008)) (.016+.002)
1PIN CORNER
0.50(.020) (C0.30(C.012))
| (TYP)
|
= \ !
0.75+0.05
(.030+.002)

Dimensions in mm (inches).

Note: The values in parentheses are reference values.
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m Package Dimension of FPT-20P-M09
Figure 1-7. Package Dimension of FPT-20P-M09

24

CYPRESS
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20-pin plastic SOP Lead pitch 1.27 mm
Package width x 7.50 mm x 12.70 mm
package length
Lead shape Gullwing
Legd bgnd Normal bend
direction
Sealing method Plastic mold
Mounting height 2.65 mm Max
(FPT-20P-M09)
20-pin plastic SOP Note 1) Pins width and pins thickness include plating thickness.
(FPT-20P-MO09) Note 2) Pins width do not include tie bar cutting remainder.

Note 3) # : These dimensions do not include resin protrusion.

#12.70+0.10(.500+.004)

0.25 %065

D)
1nAdaffAAgan

BTM E-MARK

INDEX *

TUEEHEHERE
) ©
(0;25%55) 0.25(010) @

[=l0.100004) |
© 20082010 FUJTSU SEMICONDUCTOR LIMITED F20030S-c-1-2

#7.5020.10 10.2 "0 L
(.295+.004) (402"

(0107587
1
e) M
[ |
Details of "A" part
+0.13
2'Szﬁ(Mouming height)

\’/\ [ (099 =%7)

S

Dimensions in mm (inches).
Note: The values in parentheses are reference values.

0;8"
0.80 0% 0.20£0.10
(L03125i2) (.008+.004)

- __4

(Stand off)
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m Package Dimension of FPT-20P-M10

Figure 1-8. Package Dimension of FPT-20P-M10

Overview

20-pin plastic TSSOP

(FPT-20P-M10)

Lead pitch 0.65 mm

Package width x

4.40 mm x 6.50 mm
package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm MAX

Weight 0.08 g

20-pin plastic TSSOP
(FPT-20P-M10)

#6.50+0.10(.256+.004)

ARRAARRLT

Note 1) Pins width and pins thickness include plating thickness.
Note 2) Pins width do not include tie bar cutting remainder.
Note 3) # : These dimensions do not include resin protrusion.

+0.05

BTM E-MARK

EEEEREE

MAX

0.14 004
(.006 “562)
—TT
#4.40+0.10 6.40+0.20
(173+.004) (.252+.008)
// \‘\\ F—————————— — — — - — —
—r N Details of "A" part
ﬂ 1.20(.047 (Mounting height)
A

LEAD No. (1)
0.65(.026) 0.24+0.04
‘ (.009+.002)

[ \

[=0.10(.004)]

© 2009-2010 FUJTSU SEMICONDUCTOR LIMITED F200315-c-1-2

0.10£0.05 |
| 0.60+0.15 (.004+.002) !
| (.024:.006) (Stand off)J‘

Dimensions in mm (inches).
Note: The values in parentheses are reference values.
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m Package Dimension of FPT-16P-M08
Figure 1-9. Package Dimension of FPT-16P-M08

CYPRESS

Embedded in Tomorrow

16-pin plastic TSSOP

(FPT-16P-M08)

Lead pitch

0.65 mm

Package width x

package length

4.40 mm x 4.96 mm

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm Max

Weight 0.06 g

16-pin plastic TSSOP
(FPT-16P-MO08)

*4.96+0.10(.195+.004)

Note 1) Pins width and pins thickness include plating thickness.
Note 2) Pins width do not include tie bar cutting remainder.
Note 3) * : These dimensions do not include resin protrusion.

THRAARRT

*4.40+0.10  6.40+0.20
(-173£.004) (.252+.008)

0.24+0.08

(,0092.003) $10.13(.005) @

[]0.10(.004)

© 20072010 FUITSU SEMICONDUCTOR LIMITED F16021S-c-1-5

(ot

0.145:0.045
(.0057+.0018)

1.10 %18 N
(043 %) (Mounting height)

0.60+0.15

0.10£0.05
(.004.002)

(.024.006)

Dimensions in mm (inches).
Note: The values in parentheses are reference values.

(Stand off)
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m Package Dimension of FPT-16P-M23
Figure 1-10. Package Dimension of FPT-16P-M23

Lead pitch 1.27 mm

16-pin plastic SOP

Package width x 3.90 mm x 9.96 mm

package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.75 mm MAX

0.12g

Weight

(FPT-16P-M23)

Note 1) Pins width and pins thickness include plating thickness
Note 2) Pins width do not include tie bar cutting remainder.
Note 3) #: These dimensions do not include resin protrusion.

16-pin plastic SOP
(FPT-16P-M23)

4020

#9.9620.10(.392:.004) 0.60 3%
@ <A024 3‘3'32>
8 +2° */ \’L 8 % 2"
BTM E-MARK
/M #3.90£0.10 6.00£0.20 |(1.04 (041))
| ! (.154+.004) (.236:.008)
Q 0.40+0.10
(:016+.004)
i i
H H H B H H H ] 0.40:0.10 ﬁ
@ (.016+.004)
0.40 *$4
1.27(.050) a1 0.25(.010) @ 0.65:0.10 (.026+.004)
(01 6 -.002 ) —_—
o 1.45+0.20 (.057+.008)
1.60 %02 (.063 1% )

T \
D
[=[0.10(004)|

7'+ 2°

© 2010 FUJITSU SEMICONDUCTOR LIMITED HMoF16-235¢-1-1

40.04 )

0.15 566 (.006 *358

Dimensions in mm (inches).
Note: The values in parentheses are reference values.
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m Package Dimension of DIP-8P-M03
Figure 1-11. Package Dimension of DIP-8P-M03
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(DIP-8P-M03)

8-pin plastic DIP

Lead pitch 2.54 mm

Sealing method Plastic mold

8-pin plastic DIP

(DIP-8P-MO03)
9.40 ‘0%
(370 108
FSH H_H H_H HJ
INDEX
{ 6.35:0.25
(:250+.010)
W H_H H_H %
436(172)MAX j 0.50(.020)
l L‘ { MN
|
3.00(.118)MIN |
i
! |
0.89%0% L 0.46+0.08
(035782) |~ (:018.003)
0.99%% 1.525%
(039:5") (060 %)

2.54(.100)
=22 1Y)

TYP.

© 2006-2010 FUJITSU SEMICONDUCTOR LIMITED D08008S-¢-1-4

7.62(.300
TYP.

0.25:0.05
(:010+.002)

|

>l
15° MAX

Dimensions in mm (inches).
Note: The values in parentheses are reference values
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m Package Dimension of FPT-8P-M08
Figure 1-12. Package Dimension of FPT-8P-M08

Overview

8-pin plastic SOP

(FPT-8P-M08)

Lead pitch

1.27 mm

Package width x
package length

5.30 mm x 5.24 mm

Lead shape Gullwing
Legd bgnd Normal bend
direction
Sealing method Plastic mold
Mounting height 2.10 mm Max

8-pin plastic

SOP

(FPT-8P-M08)

#5.24+0.10

. (.206+.004)

ikl

BTM E-MARK

INDEX_

#5.30:0.10  7.80 ‘o4
(.209+.004) (307 %8

1.27(.050)

©

\
0
H H

H H

0.43+0.05

7 (.017+.002)

jimininis

© 2008-2010 FUJTSU SEMICONDUCTOR LIMITED F08016S-c-1-2

Note 1) Pins width and pins thickness include plating thickness.
Note 2) Pins width do not include tie bar cutting remainder.
Note 3) # : These dimensions do not include resin protrusion.

A

-
Details of "A" part

2.10(.083)
MAX
(Mounting height)

(:008+.002)

|
|
|
|
|
|
|
0.20+0.05 |
|
|
|
|
|
|
|
|
|

R
0.10 %00 ‘ ‘ 0.7520%
(.004 2562) (.030%%6a)
(Stand off)

-

Dimensions in mm (inches).

Note: The values in parentheses are reference values.
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1.7

Table 1-4. to Table 1-8. show pin functions of the MB95560H/570H/580H Series. The alphabets in "I/O circuit type" column of

Pin Functions

the above tables correspond to those in "Type" column of Table 1-9..
m  Pin Functions (MB95560H Series, 32/20 pins)

Table 1-4. Pin Functions (MB95560H Series, 32 pins) (Sheet 1 of 2)

Pin no. Pin name cilrlgjit Function
type*
1 PF1 B General-purpose /O port
X1 Main clock 1/O oscillation pin
9 PFO B General-purpose /O port
X0 Main clock input oscillation pin
3 Vss — Power supply pin (GND)
4 PG2 c General-purpose 1/O port
X1A Subclock I/0 oscillation pin
5 PG1 c General-purpose 1/O port
X0A Subclock input oscillation pin
6 Vee — Power supply pin
7 C — Capacitor connection pin
PF2 General-purpose I/O port
8 RST A Reset pin
Dedicated reset pin of MB95F562H/F563H/F564H
P63 G.eneral-purpo.se 1/O port
9 E High-current pin
TO11 8/16-bit composite timer ch. 1 output pin
P62 General-purpose I/O port
10 E High-current pin
TO10 8/16-bit composite timer ch. 1 output pin
1
12 . ) ) .
3 NC — It is an internally connected pin. Always leave it unconnected.
14
POO General-purpose /O port
15 D High-current pin
ANOO A/D converter analog input pin
P64 General-purpose 1/O port
16 E High-current pin
EC1 8/16-bit composite timer ch. 1 clock input pin
PO General-purpose /O port
17 D High-current pin
ANO1 A/D converter analog input pin
P02 General-purpose /O port
High-current pin
18 INTO2 D External interrupt input pin
ANO02 A/D converter analog input pin
SCK LIN-UART clock I/O pin
30 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A
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Table 1-4. Pin Functions (MB95560H Series, 32 pins) (Sheet 2 of 2)

Pin no. Pin name ci:'ltgjit Function
type*
P03 G.eneral-purpo.se 1/O port
High-current pin
19 INTO3 D External interrupt input pin
ANO3 A/D converter analog input pin
SOT LIN-UART data output pin
P04 General-purpose /O port
INTO4 External interrupt input pin
20 ANO4 D A/D converter analog input pin
SIN LIN-UART data input pin
ECO 8/16-bit composite timer ch. 0 clock input pin
POS G.eneral-purpo.se 1/O port
High-current pin
21 INTOS D External interrupt input pin
ANO5 A/D converter analog input pin
TOO00 8/16-bit composite timer ch. 0 output pin
P0G G.eneral-purpo.se 1/O port
22 E High-current pin
INTO6 External interrupt input pin
TOO01 8/16-bit composite timer ch. 0 output pin
P12 General-purpose /O port
23 ECO F 8/16-bit composite timer ch. 0 clock input pin
DBG DBG input pin
P General-purpose /O port
24 07 E High-current pin
INTO7 External interrupt input pin
25
26
27
28 . . . .
29 NC — It is an internally connected pin. Always leave it unconnected.
30
31
32

*For the /O circuit types, see "1.8 1/0O Circuit Types".
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Table 1-5. Pin Functions (MB95560H Series, 20 pins) (Sheet 1 of 2)

/10
Pin no. Pin name circuit Function
type*
1 PFO B General-purpose /O port
X0 Main clock input oscillation pin
9 PF1 B General-purpose /O port
X1 Main clock 1/O oscillation pin
3 Vss — Power supply pin (GND)
4 PG2 c General-purpose /O port
X1A Subclock I/0 oscillation pin
5 PG1 c General-purpose /O port
X0A Subclock input oscillation pin
6 Vee — Power supply pin
7 C — Capacitor connection pin
PF2 General-purpose /O port
8 RST A Reset pin
Dedicated reset pin of MB95F562H/F563H/F564H
P62 General-purpose 1/O port
9 E High-current pin
TO10 8/16-bit composite timer ch. 1 output pin
P63 G.eneral-purpo.se 1/0 port
10 E High-current pin
TO11 8/16-bit composite timer ch. 1 output pin
1" P64 E General-purpose I/O port
EC1 8/16-bit composite timer ch. 1 clock input pin
POO G.eneral-purpo.se 1/O port
12 D High-current pin
ANOO A/D converter analog input pin
General-purpose /O port
13 Po1 D High-current pin
ANO1 A/D converter analog input pin
P02 General-purpose /O port
High-current pin
14 INTO2 D External interrupt input pin
ANO2 A/D converter analog input pin
SCK LIN-UART clock I/O pin
P03 G.eneral-purpo.se 1/O port
High-current pin
15 INTO3 D External interrupt input pin
ANO3 A/D converter analog input pin
SOT LIN-UART data output pin
P04 General-purpose /O port
INTO4 External interrupt input pin
16 ANO4 D A/D converter analog input pin
SIN LIN-UART data input pin
ECO 8/16-bit composite timer ch. 0 clock input pin
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Table 1-5. Pin Functions (MB95560H Series, 20 pins) (Sheet 2 of 2)
/10
Pin no. Pin name circuit Function
type*
General-purpose 1/O port
P05 ) pure ) P
High-current pin
17 INTO5 D External interrupt input pin
ANO05 A/D converter analog input pin
TOO00 8/16-bit composite timer ch. 0 output pin
General-purpose /O port
P06 enerarprpose - p
18 E High-current pin
INTO6 External interrupt input pin
TOO01 8/16-bit composite timer ch. 0 output pin
General-purpose /O port
P07 pure P
19 E High-current pin
INTO7 External interrupt input pin
P12 General-purpose /O port
20 ECO F 8/16-bit composite timer ch. 0 clock input pin
DBG DBG input pin
*For the /O circuit types, see "1.8 1/O Circuit Types".
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m  Pin Functions (MB95570H Series, 8 pins)

Table 1-6. Pin Functions (MB95570H Series, 8 pins)

Pin no. Pin name cilrlgjit Function
type*
Vss — Power supply pin (GND)
Vee — Power supply pin
Cc — Capacitor connection pin
PF2 General-purpose /O port
4 — A Reset pin
RST Dedicated reset pin of MB95F572H/F573H/F574H
P04 General-purpose /O port
5 INTO4 b External interrupt input pin
ANO04 A/D converter analog input pin
ECO 8/16-bit composite timer ch. 0 clock input pin
pO5 General-purpose I/O port
6 b High-current pin
ANO05 A/D converter analog input pin
TO00 8/16-bit composite timer ch. 0 output pin
P06 General-purpose /O port
. E High-current pin
INT06 External interrupt input pin
TOO1 8/16-bit composite timer ch. 0 output pin
P12 General-purpose /O port
8 ECO F 8/16-bit composite timer ch. 0 clock input pin
DBG DBG input pin

*For the 1/O circuit types, see "1.8 1/O Circuit Types".
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m Pin Functions (MB95580H Series, 32/16 pins)

Table 1-7. Pin Functions (MB95580H Series, 32 pins) (Sheet 1 of 2)

Pin no. Pin name cilrlgjit Function
type*
] PF1 B General-purpose /O port
X1 Main clock 1/O oscillation pin
) PFO B General-purpose /O port
X0 Main clock input oscillation pin
3 Vss — Power supply pin (GND)
4 PG2 c General-purpose 1/O port
X1A Subclock I/0 oscillation pin
5 PG1 c General-purpose /O port
X0A Subclock input oscillation pin
Vee — Power supply pin
c — Capacitor connection pin
PF2 General-purpose /O port
8 — A Reset pin
RST Dedicated reset pin of MB95F582H/F583H/F584H
9
10
11
12 . . . .
3 NC — It is an internally connected pin. Always leave it unconnected.
14
15
16
General-purpose /O port
17 POt D High-current pin
ANO1 A/D converter analog input pin
P02 General-purpose /O port
High-current pin
18 INTO2 D External interrupt input pin
ANO02 A/D converter analog input pin
SCK LIN-UART clock I/O pin
P03 General-purpose 1/O port
High-current pin
19 INTO3 D External interrupt input pin
ANO3 A/D converter analog input pin
SOT LIN-UART data output pin
P04 General-purpose 1/O port
INTO4 External interrupt input pin
20 ANO4 D A/D converter analog input pin
SIN LIN-UART data input pin
ECO 8/16-bit composite timer ch. 0 clock input pin
p05 General-purpose 1/O port
High-current pin
21 INTO5 D External interrupt input pin
ANO5 A/D converter analog input pin
TO00 8/16-bit composite timer ch. 0 output pin
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Table 1-7. Pin Functions (MB95580H Series, 32 pins) (Sheet 2 of 2)
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Pin no. Pin name ci:'lglit Function
type*
P06 General-purpose /O port
2 E High-current pin
INT06 External interrupt input pin
TOO1 8/16-bit composite timer ch. 0 output pin
P12 General-purpose /O port
23 ECO F 8/16-bit composite timer ch. 0 clock input pin
DBG DBG input pin
P07 General-purpose /O port
24 E High-current pin
INTO7 External interrupt input pin
25
26
27
28 . . . .
> NC — It is an internally connected pin. Always leave it unconnected.
30
31
32

*For the I/O circuit types, see "1.8 /O Circuit Types".
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Table 1-8. Pin Functions (MB95580H Series, 16 pins)

Pin no. Pin name cilrlgjit Function
type*
] PFO B General-purpose 1/O port
X0 Main clock input oscillation pin
) PF1 B General-purpose 1/O port
X1 Main clock 1/O oscillation pin
3 Vss — Power supply pin (GND)
. PG2 c General-purpose /O port
X1A Subclock /O oscillation pin
5 PG1 c General-purpose /O port
X0A Subclock input oscillation pin
Vee — Power supply pin
c — Capacitor connection pin
PF2 General-purpose /O port
8 — A Reset pin
RST Dedicated reset pin of MB95F582H/F583H/F584H
02 General-purpose /O port
High-current pin
9 INT02 D External interrupt input pin
ANO2 A/D converter analog input pin
SCK LIN-UART clock I/O pin
General-purpose /O port
10 Fot D High-current pin
ANO1 A/D converter analog input pin
P03 General-purpose /O port
High-current pin
1" INTO3 D External interrupt input pin
ANO3 A/D converter analog input pin
SOT LIN-UART data output pin
P04 General-purpose /O port
INTO04 External interrupt input pin
12 ANO4 D A/D converter analog input pin
SIN LIN-UART data input pin
ECO 8/16-bit composite timer ch. 0 clock input pin
pO5 General-purpose 1/O port
High-current pin
13 INTO5 D External interrupt input pin
ANO5 A/D converter analog input pin
TO00 8/16-bit composite timer ch. 0 output pin
POG General-purpose /O port
14 £ High-current pin
INTO6 External interrupt input pin
TOO01 8/16-bit composite timer ch. 0 output pin
po7 General-purpose /O port
15 E High-current pin
INTO7 External interrupt input pin
P12 General-purpose 1/O port
16 ECO F 8/16-bit composite timer ch. 0 clock input pin
DBG DBG input pin
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*For the /O circuit types, see "1.8 1/O Circuit Types".

1.8 I/0 Circuit Types

Table 1-9. lists the I/O circuit types. The alphabet in "Type" column of Table 1-9. corresponds to the one in "I/O circuit type"

column of Table 1-4. to Table 1-8..
m 1/O Circuit Types

Table 1-9. 1/O Circuit Types (Sheet 1 of 3)

Type Circuit

Remarks

A

o {}c Reset input / Hysteresis input

|— Reset output / Digital output
N-ch

* N-ch open drain output
» Hysteresis input
* Reset output

P-ch Port select
|—°Cﬁ'— Digital output

Digital output

Standby control
Hysteresis input

Clock input

T

Standby control / Port select
P-ch —— Port select
1

Digital output

F————CFE2?  Dbigital output

I_TCP Standby control
Hysteresis input

P

 Oscillation circuit

» High-speed side
Feedback resistance:
approx. 1 MQ

¢ CMOS output
 Hysteresis input
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Table 1-9. 1/O Circuit Types (Sheet 2 of 3)

Pull-up control

Digital output
Digital output

Standby control

Hysteresis input

Type Circuit Remarks
C * Oscillation circuit
Port select .
R b * Low-speed side
:| Q f_—' Pull-up control Feedback resistance:
P-ch b approx. 10 MQ
P-ch °< E Digital output
( !—0
E N-ch Digital output * CMOS output
» Hysteresis input
Standby control Pull trol Jabl
= Hysteresis input ull-up control available
I:l-' Clock input
X1A
X0A
Standby control / Port select
—— Port select
R 3
——— Pull-up control
Digital outpu !
p-c$ P E Digital output
JE N-ch Digital output
I_TCP Standby control
) Hysteresis input
D * CMOS output
R Pull-up control * Hysteresis input
p-ch * Pull-up control available
I:l—' p-ch A} Digital output * Analog input
} Digital output
N-ch
1
0—5 Analog input
T
A/D control
Standby control
AN Hysteresis input
E * CMOS output
R

» Hysteresis input
* Pull-up control available
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Table 1-9. 1/O Circuit Types (Sheet 3 of 3)
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Type

Circuit

Remarks

F

* N-ch open drain output

Standby control L.
* Hysteresis input

Hysteresis input
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This chapter provides notes on using the MB95560H/570H/580H Series.
2.1 Notes on Device Handling

21 Notes on Device Handling

This section provides notes on power supply voltage and pin treatment.
m Device Handling
o Preventing latch-ups

When using the device, ensure that the voltage applied does not exceed the maximum voltage rating.

In a CMOS IC, if a voltage higher than V¢ or a voltage lower than Vgg is applied to an input/output pin that is neither a
medium-withstand voltage pin nor a high-withstand voltage pin, or if a voltage out of the rating range of power supply volt-
age mentioned in "1. Absolute Maximum Ratings" of "Electrical Characteristics" in the data sheet of the MB95560H/570H/
580H Series is applied to the V¢ pin or the Vgg pin, a latch-up may occur.

When a latch-up occurs, power supply current increases significantly, which may cause a component to be thermally
destroyed.

a1 Stabilizing supply voltage
Supply voltage must be stabilized.

A malfunction may occur when power supply voltage fluctuates rapidly even though the fluctuation is within the guaran-
teed operating range of the V¢ power supply voltage.

As a rule of voltage stabilization, suppress voltage fluctuation so that the fluctuation in V¢ ripple (p-p value) at the com-
mercial frequency (50 Hz/60 Hz) does not exceed 10% of the standard V¢ value, and the transient fluctuation rate does
not exceed 0.1 V/ms at a momentary fluctuation such as switching the power supply.

a Note on using the external clock
When an external clock is used, oscillation stabilization wait time is required for power-on reset, wakeup from subclock
mode or stop mode.

m Pin Connection
o Treatment of unused pins

If an unused input pin is left unconnected, a component may be permanently damaged due to malfunctions or latch-ups.
Always pull up or pull down an unused input pin through a resistor of at least 2 kQ2. Set an unused input/output pin to the
output state and leave it unconnected, or set it to the input state and treat it the same as an unused input pin. If there is an
unused output pin, leave it unconnected.

o Power supply pins

To reduce unnecessary electro-magnetic emission, prevent malfunctions of strobe signals due to an increase in the
ground level, and conform to the total output current standard, always connect the V¢ pin and the Vgg pin to the power
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supply and ground outside the device. In addition, connect the current supply source to the V¢ pin and the Vgg pin with
low impedance.

It is also advisable to connect a ceramic decoupling capacitor of approximately 0.1 pF between the V¢ pin and the Vgg
pin at a location close to this device.

o DBG pin
Connect the DBG pin directly to an external pull-up resistor.

To prevent the device from unintentionally entering the debug mode due to noise, minimize the distance between the DBG
pin and the V¢ or Vgg pin when designing the layout of the printed circuit board.

The DBG pin should not stay at “L” level after power-on until the reset output is released.

a RST pin
Connect the RST pin directly to an external pull-up resistor.

To prevent the device from unintentionally entering the reset mode due to noise, minimize the distance between the RST
pin and the V¢ or Vgg pin when designing the layout of the printed circuit board.

The PF2/RST pin functions as the reset input/output pin after power-on. In addition, the reset output can be enabled by
the RSTOE bit in the SYSC register, and the reset input function or the general purpose 1/O function can be selected by
the RSTEN bit in the SYSC register.

a Cpin

Use a ceramic capacitor or a capacitor with equivalent frequency characteristics. The decoupling capacitor for the V¢ pin
must have a capacitance equal to or larger than the capacitance of Cg. For the connection to a smoothing capacitor Cg,

see the diagram below. To prevent the device from unintentionally entering an unknown mode due to noise, minimize the
distance between the C pin and Cg and the distance between Cg and the Vgg pin when designing the layout of a printed

circuit board.

Figure 2-1. DBG/RST/C Pin Connection

DBG

RST

o Note on serial communication

In serial communication, reception of wrong data may occur due to noise or other causes. Therefore, design a printed cir-
cuit board to prevent noise from occurring. Taking account of the reception of wrong data, take measures such as adding
a checksum to the end of data in order to detect errors. If an error is detected, retransmit the data.
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This Chapter describes the memory space.

3.1
3.2

31

Memory Space

Memory Maps

Memory Space

The memory space of the MB95560H/570H/580H Series is 64 Kbyte in size and consists of an I/O area, an extended 1/O
area, a data area, and a program area. The memory space includes areas for specific applications such as general-purpose
registers and a vector table.

m Configuration of Memory Space

a

a
a

a o o o o oo o o

a o o a Qg
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1/O area (addresses: 0000y to 007Fy)

This area contains the control registers and data registers for built-in peripheral functions.

As the 1/O area forms part of the memory space, it can be accessed in the same way as the memory. It can also be
accessed at high-speed by using direct addressing instructions.

Extended 1/O area (addresses: OF80y to OFFFy)

This area contains the control registers and data registers for built-in peripheral functions.

As the extended I/O area forms part of the memory space, it can be accessed in the same way as the memory.
Data area

Static RAM is incorporated in the data area as the internal data area.

The internal RAM size varies according to product.

The RAM area from 0090y to 00FFy can be accessed at high-speed by using direct addressing instructions.

The area from 0100y to 027F is an extended direct addressing area. It can be accessed at high-speed by direct

addressing instructions with a direct bank pointer set. (MB95F563H/F563K/F564H/F564K/F573H/F573K/F574H/
F574K/F583H/F583K/F584H/F584K)

The area from 0100y to 017F is an extended direct addressing area. It can be accessed at high-speed by direct
addressing instructions with a direct bank pointer set. (MB95F562H/F562K/F572H/F572K/F582H/F582K)

The area from 0100y to 01FFy can be used as a general-purpose register area. (MB95F563H/F563K/F564H/F564K/
F573H/F573K/F574H/F574K/F583H/F583K/F584H/F584K)

The area from 0100y to 017Fy can be used as a general-purpose register area. (MB95F562H/F562K/F572H/F572K/
F582H/F582K)

Program area

The Flash memory is incorporated in the program area as the internal program area.
The Flash memory size varies according to product.

The area from FFCOy to FFFFy is used as the vector table.

The area from FFBCy to FFBF is used to store data of the non-volatile register.

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



e _
CYPRESS Memory Space

Embedded in Tomorrow™

m  Memory Map
Figure 3-1. Memory Map

0000H ) )
I/O area Direct addressing area
0080H
0100H | .
Register banks Extended direct addressing area

« (General-purpose register area)

02004 | TTTTTTTTTTTTTT ]
LV
027FH Data area
OF80H
Extended I/O area
OFFFH
Program area

FFCOH
FFFFH ' Vector table area

3.1.1 Areas for Specific Applications

The general-purpose register area and vector table area are used for the specific applications.

m  General-purpose Register Area
(Addresses: 0100y to 01FF in MB95F563H/F563K/F564H/F564K/F573H/F573K/F574H/F574K/F583H/F583K/F584H/

F584K)
(Addresses: 0100y to 017Fy in MB95F562H/F562K/F572H/F572K/F582H/F582K)

o This area contains the auxiliary registers used for 8-bit arithmetic operations, transfer, etc.
o As this area forms part of the RAM area, it can also be used as conventional RAM.

0 When the area is used as general-purpose registers, general-purpose register addressing enables high-speed access
with short instructions.
For details, see "5.1.1 Register Bank Pointer (RP)" and "5.2 General-purpose Register".

m Non-volatile Register Data Area (Addresses: FFBBy to FFBF})
The area from FFBBy to FFBF is used to store data of the non-volatile register. For details, see "22. Non-Volatile Register Function (NVR)".
m Vector Table Area (Addresses: FFCOy to FFFFy)

o This area is used as the vector table for vector call instructions (CALLV), interrupts, and resets.

o The top of the Flash memory area is allocated to the vector table area. The start address of a service routine is set to
an address in the vector table in the form of data.
Table 8-1.in "8. Interrupts" lists the vector table addresses corresponding to vector call instructions, interrupts, and resets.
For details, see "7. Reset", "8. Interrupts”, and "B Special Instruction CALLV #vct" in "A.7 Special Instruction" in "APPENDIX".

3.2 Memory Maps

This section shows the memory maps of the MB95560H/570H/580H Series.
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MB95F562H/F562K/F572H/ MB95F563H/F563K/F573H/ MB95F564H/F564K/F574H/
F572K/F582H/F582K F573K/F583H/F583K F574K/F584H/F584K
0000+ 0000w 0000+
1/0 area 1/0 area 1/O area
8838: Access prohibited 8838: Access prohibited 8828: Access prohibited
0100w R,.AM 240 bytes 0100 RAM 496 bytes 0100m RAM 496 bytes
0180w Register Register Register
0200+ 0200+
Access prohibited 0280+ 0280w
Access prohibited Access prohibited
OF80H OF80x OF80w
Extension I/O area Extension I/O area Extension 1/O area
1000+ 1000n 10001
Access prohibited Access prohibited Access prohibited
BOOOH BOOOH BOOOH
Flash 4 Kbyte Flash 4 Kbyte
CO000H C000H
Access prohibited
Access prohibited Flash 20 Kbyte
EO000H
FOOOH Flash 8 Kbyte
Flash 4 Kbyte
FFFFu FFFFH FFFFH
Parameter
Flash memory RAM
Part Number
MB95F562H/F562K/F572H/F572K/F582H/F582K 8 Kbyte 240 bytes
MB95F563H/F563K/F573H/F573K/F583H/F583K 12 Kbyte 496 bytes
MBO5F564H/F564K/F574H/F574K/F584H/F584K 20 Kbyte 496 bytes
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This chapter describes the memory access mode.
4.1 Memory Access Mode

4.1 Memory Access Mode
The MB95560H/570H/580H Series support only one memory access mode: single-chip mode.
m Single-chip Mode

In single-chip mode, only the internal RAM and the Flash memory are used, and no external bus access is executed.
0 Mode data

Mode data is the data used to determine the memory access mode of the CPU.

The mode data address is fixed at "FFFDy". Always set the mode data of the Flash memory to "004" to select the single-chip
mode.

Figure 4-1. Mode Data Settings

Address  bit7  bit6  bits  bit4  bit3  bit2  bitt  bit0
PR« | [ | [ | [ [ ] ]

Data Operation
00H Selects single-chip mode.
Other than 001 | Reserved. Do not set mode data to any value other than O0H.

After a reset is released, the CPU fetches mode data first.

The CPU then fetches the reset vector after the mode data. It starts executing instructions from the address set in the reset
vector.
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This chapter describes the functions and operations of the CPU.

5.1Dedicated Registers

5.2General-purpose Register

5.3Placement of 16-bit Data in Memory

5.1 Dedicated Registers

The CPU has dedicated registers: a program counter (PC), two registers for arithmetic operations (A and T), three address
pointers (IX, EP, and SP), and the program status (PS) register. Each of the registers is 16 bits long. The PS register consists
of the register bank pointer (RP), direct pointer (DP), and condition code register (CCR).

m Configuration of Dedicated Registers

The dedicated registers in the CPU consist of seven 16-bit registers. As for the accumulator (A) and the temporary accumula-
tor (T), using only the lower eight bits of the respective registers is also supported.

Figure 5-1. shows the configuration of the dedicated registers.

Figure 5-1. Configuration of Dedicated Registers

: Program counter

Indicates the address of the current instruction.

| : Accumulator (A)

Temporary storage register for arithmetic operation and transfer

| : Temporary accumulator (T)

Performs arithmetic operations with the accumulator.

| : Index register

Indicates an index address.

| : Extra pointer

Indicates a memory address.

| : Stack pointer

Indicates the current stack location.

| : Program status

) Stores a register bank pointer,

Initial value 16 bits
FFFDH PC
0000+ | AH | AL
0000+ | TH | TL
0000+ | IX
0000+ | EP
0000+ | SP
0030#| RP |[DP| CCR
N\
PS

a direct bank pointer, and a condition code.

m  Functions of Dedicated Registers

a  Program counter (PC)
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The program counter is a 16-bit counter which contains the memory address of the instruction currently executed by the CPU.
The program counter is updated whenever an instruction is executed or an interrupt or a reset occurs. The initial value set
immediately after a reset is the mode data read address (FFFDy).

o Accumulator (A)

The accumulator is a 16-bit register for arithmetic operation. It is used for a variety of arithmetic and transfer operations of
data in memory or data in other registers such as the temporary accumulator (T). The data in the accumulator can be handled
either as word (16-bit) data or byte (8-bit) data. For byte-length arithmetic and transfer operations, only the lower eight bits
(AL) of the accumulator are used with the upper eight bits (AH) left unchanged. The initial value set immediately after a reset
is "0000y".
o Temporary accumulator (T)

The temporary accumulator is an auxiliary 16-bit register for arithmetic operation. It is used to perform arithmetic operations
with the data in the accumulator (A). The data in the temporary accumulator is handled as word data for word-length (16-bit)

operations with the accumulator (A) and as byte data for byte-length (8-bit) operations. For byte-length operations, only the
lower eight bits (TL) of the temporary accumulator are used and the upper eight bits (TH) are not used.

When a MOV instruction is used to transfer data to the accumulator (A), the previous contents of the accumulator are auto-
matically transferred to the temporary accumulator. When transferring byte-length data, the upper eight bits (TH) of the tem-
porary accumulator remain unchanged. The initial value after a reset is "00004".

a1 Index register (IX)
The index register is a 16-bit register used to hold the index address. The index register is used with a single-byte offset (-128

to +127). The offset value is added to the index address to generate the memory address for data access. The initial value
after a reset is "0000".

o Extra pointer (EP)
The extra pointer is a 16-bit register which contains the value indicating the memory address for data access. The initial value
after a reset is "0000y".

o Stack pointer (SP)
The stack pointer is a 16-bit register which holds the address referenced when an interrupt or a sub-routine call occurs and by

the stack push and pop instructions. During program execution, the value of the stack pointer indicates the address of the
most recent data pushed onto the stack. The initial value after a reset is "0000y4".

o Program status (PS)

The program status is a 16-bit control register. The upper eight bits consists of the register bank pointer (RP) and direct bank
pointer (DP); the lower eight bits consists of the condition code register (CCR).

In the upper eight bits, the upper five bits consists of the register bank pointer used to contain the address of the general-pur-
pose register bank. The lower three bits consists of the direct bank pointer which locates the area to be accessed at high-
speed by direct addressing.

The lower eight bits consists of the condition code register (CCR) which consists of flags that represent the state of the CPU.

The instructions that can access the program status are MOVW A,PS and MOVW PS,A. The register bank pointer (RP) and
direct bank pointer (DP) in the program status register can also be read from and written to by accessing the mirror address
(0078y).

Note that the condition code register (CCR) is a part of the program status register and cannot be accessed independently.

Refer to the "F2MC-8FX Programming Manual" for details on using the dedicated registers.

5.1.1 Register Bank Pointer (RP)

The register bank pointer (RP) in bit15 to bit11 of the program status (PS) register contains the address of the general-pur-
pose register bank that is currently in use and is translated into a real address when general-purpose register addressing is
used.

m Configuration of Register Bank Pointer (RP)

Figure 5-2. shows the configuration of the register bank pointer.
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Figure 5-2. Configuration of Register Bank Pointer
RP DP CCR
RP
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
PS| R4 | R3 | R2 | R1 | RO |DP2 | DP1 | DPO| H | | | IL1 | ILO | N | z | \ | C | 000008

The register bank pointer contains the address of the register bank currently in use. The content of the register bank pointer is
translated into a real address according to the rule shown in Figure 5-3..

Figure 5-3. Rule for Translation into Real Addresses in General-purpose Register Area

Fixed value RP: Upper Op-code: Lower
0 0" 0" 0" ‘0" 0" ‘0" “I"| R4 R3 R2 R1 RO | b2 b1 b0|

N N 2 S N N 2 2

Generated

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO|
address

The register bank pointer specifies the register bank used as general-purpose registers in the RAM area. There are a total of
32 register banks. The current register bank is specified by setting a value between 0 and 31 in the upper five bits of the reg-
ister bank pointer. Each register bank has eight 8-bit general-purpose registers which are selected by the lower three bits of
the op-code.

The register bank pointer allows the space from "01004" to "01FF"(max) to be used as a general-purpose register area.
However, certain products have restrictions on the size of the area available for the general-purpose register area. The initial
value of the register bank pointer after a reset is "0000y".

m  Mirror Address for Register Bank and Direct Bank Pointer

Values can be written to the register bank pointer (RP) and the direct bank pointer (DP) by accessing the program status (PS)
register with the "MOVW A,PS" instruction; the two pointers can be read by accessing PS with the "MOVW PS,A" instruction.
Values can also be directly written to and read from the two pointers by accessing "00784", the mirror address of the register

bank pointer.

51.2 Direct Bank Pointer (DP)

The direct bank pointer (DP) in bit10 to bit8 of the program status (PS) register specifies the area to be accessed by direct
addressing.

m Configuration of Direct Bank Pointer (DP)
Figure 5-4. shows the configuration of the direct bank pointer.

Figure 5-4. Configuration of Direct Bank Pointer

RP DP CCR
DP
bit15 bit14 bit13 bit12 bit11 bit10 bitd bits bit7 bité bit5 bit4 bit3 bit2 bit1 bito initial value
PS| R4 | R3 | R2 | R1 | RO |DP2 | DP1 | DPO| H | | | IL1 | ILO | N | z | \ | C | 0008

The area of "0000y - 007F " and that of "0080y - 047F" can be accessed by direct addressing. Access to 0000y to 007F, is
specified by an operand regardless of the value in the direct bank pointer. Access to 0080y to 047F is specified by the value
of the direct bank pointer and the operand.
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Table 5-1. shows the relationship between the direct bank pointer (DP) and the access area; Table 5-2. lists the direct

addressing instructions.

Table 5-1. Direct Bank Pointer and Access Area

Direct bank pointer (DP[2:0])

Operand-specified dir

Access area

XXXg (It does not affect mapping.)

0000 to 007F

0000y to 007F

000g (Initial value)

001g

010g

011

100g

101g

110g

111g

0080y, to 00FF,

0080y to 00FF

0100, to 017F

0180y to 01FF4 2

0200 to 027F

0280y to 02FF 4"

0300 to 037F

0380y to 03FF,

0400, to 047F

*1: Due to the memory size limit, the access area is "0090y to 00FF" in the MB95560H/570H/580H Series.
*2: The available access area is up to "01804" in MB95F562H/F562K/F572H/F572K/F582H/F582K.

*3: The available access area is up to "02804" in MB95F563H/F563K/F564H/F564K/F573H/F573K/F574H/F574K/F583H/

F583K/F584H/F584K.
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Table 5-2. Direct Address Instruction List

Applicable instructions
CLRB dir:bit
SETB dir:bit

BBC dir:bit,rel
BBS dir:bit,rel
MOV A, dir
CMP A,dir
ADDC A,dir
SUBC A,dir
MOV dir,A
XOR A,dir
AND A, dir
OR A,dir
MOV dir#imm
CMP dir,#imm
MOVW A,dir
MOVW dir,A

5.1.3 Condition Code Register (CCR)

The condition code register (CCR) in the lower eight bits of the program status (PS) register consists of the bits (H, N, Z, V,
and C) containing information about the arithmetic result or transfer data and the bits (I, IL1, and ILO) used to control the

acceptance of interrupt requests.
m  Configuration of Condition Code Register (CCR)

Figure 5-5. Configuration of Condition Code Register (CCR)

RP DP CCR CCR
bit15 bit14 bit13 bit12 biti1 bit10 bitd bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bito Initial value
PS | R4 | R3 | R2 | R1 | RO | DP2 | DP1 | DPO | H | | | IL1 | ILO | N | z | \% | (o] |OO11000OB
Half carry flag

Interrupt enable flag
Interrupt level bits
Negative flag
Zero flag
Overflow flag
Carry flag

The condition code register is a part of the program status (PS) register and therefore cannot be accessed independently.
m Bits Showing Operation Results
o Half carry flag (H)

This flag is set to "1" when a carry from bit3 to bit4 or a borrow from bit4 to bit3 occurs due to the result of an operation. Oth-
erwise, the flag is set to "0". Do not use this flag for any operation other than addition and subtraction as the flag is intended
for decimal-adjusted instructions.

o Negative flag (N)

This flag is set to "1" when the value of the most significant bit is "1" due to the result of an operation, and is set to "0" when
the value of the most significant bit is "0".

o Zero flag (Z)

This flag is set to "1" when the result of an operation is "0", and is set to "0" when the result is "1".
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a  Overflow flag (V)

This flag indicates whether the result of an operation has caused an overflow, with the operand used in the operation being
regarded as an integer expressed as a complement of two. If an overflow occurs, the overflow flag is set to "1"; otherwise, it is
set to "0".

a Carry flag (C)

This flag is set to "1" when a carry from bit7 or a borrow to bit7 occurs due to the result of an operation. Otherwise, the flag is
set to "0". When a shift instruction is executed, the flag is set to the shift-out value.

Figure 5-6. shows how the carry flag is updated by a shift instruction.
Figure 5-6. Carry Flag Updated by Shift Instruction
e Left-shift (ROLC) ¢ Right-shift (RORC)
bit7-= bit0 bit7 » bit0
lc - ([ [ [ [ [ [ [ | 1 [ [ [ [T [ [ F+>cC]
| A 4 |

m Interrupt Acceptance Control Bits
a Interrupt enable flag (1)

When this flag is set to "1", interrupts are enabled and accepted by the CPU. When this flag is set to "0", interrupts are dis-
abled and rejected by the CPU.

The initial value after a reset is "0".

The SETI and CLRI instructions set and clear the flag to "1" and "0", respectively.
a Interrupt level bits (IL1, ILO)

These bits indicate the level of the interrupt currently accepted by the CPU.

The interrupt level is compared with the value of the interrupt level setting register (ILRO to ILR5) that corresponds to the inter-
rupt request (IRQO0 to IRQ23) of each peripheral function.

The CPU services an interrupt request only when its interrupt level is smaller than the value of these bits with the interrupt
enable flag set (CCR:I = 1). Table 5-3. lists interrupt level priorities. The initial value after a reset is "11g".

Table 5-3. Interrupt Levels

IL1 ILO Interrupt level Priority
0 0 0 High
0 1 1
1 0 2 #
1 1 3 Low (No interrupt)

The interrupt level bits (IL1, ILO) are usually "11g" when the CPU does not service an interrupt (with the main program run-
ning).

For details of interrupts, see "8.1 Interrupts".
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5.2 General-purpose Register

The general-purpose registers are a memory block in which each bank consists of eight 8-bit registers. Up to 32 register
banks can be used in total. The register bank pointer (RP) is used to specify a register bank.
Register banks are useful for interrupt handling, vector call processing, and sub-routine calls.
m Configuration of General-purpose Register
o The general-purpose register is an 8-bit register and is located in a register bank in the general-purpose register area
(in RAM).
o Up to 32 banks can be used, each of which consists of eight registers (RO to R7).
o The register bank pointer (RP) specifies the register bank currently being used and the lower three bits of the op-code
specify the general-purpose register 0 (R0) to the general-purpose register 7 (R7).
Figure 5-7. shows the configuration of the register banks.

Figure 5-7. Configuration of Register Banks

8 bits
____________ 1F8H
This address = 0100+ + 8 x (RP) ———M — | ‘‘‘‘‘‘‘‘‘‘‘ S0
Address 100H —sp=——d—" RO| Ri
RO
R1 i R2
R2 R3
R2
R3 R4
R3
R4 RS
R4 R5
R6
RS Re 1FF
R6 R7
107H R7 [ Bank 31 32 banks
R7[ The number of banks
Bank O available is restricted by
\ ) the available RAM size.
Memory area

For information on the general-purpose register area available on each model, see "3.1.1 Areas for Specific Applications".
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m Features of General-purpose Registers

The general-purpose register has the following features.
o High-speed access to RAM with short instructions (general-purpose register addressing).
a1 Grouping registers into a block of register banks facilitates data protection and division of registers in terms of func-
tions.

A general-purpose register bank can be allocated exclusively to an interrupt service routine or a vector call (CALLV #0 to #7)
processing routine. For instance, the fourth register bank is always assigned to the second interrupt.

Data of a general-purpose register before an interrupt can be saved to a dedicated register bank by just specifying that regis-
ter bank at the beginning of an interrupt service routine. This therefore eliminates the need to save data of a general-purpose
register in a stack, thereby enabling the CPU to receive interrupts at high speed.

Note:

In an interrupt service routine, include one of the following in a program to ensure that values of the interrupt level bits
(CCR:IL1, ILO) of the condition code register are not modified when modifying a register bank pointer (RP) to specify a regis-
ter bank.

m Read the interrupt level bits and save their values before writing a value to the RP.
m Directly write a new value to the RP mirror address "0078y" to update the RP.

m  As for the product whose RAM size is 240 bytes, the area available for general-registers is from "01004" to "017F 4",

which is half of that of the product whose RAM size is 496 bytes. Therefore, when using a program development tool such
as a C compiler to set a general-register area, ensure that the area used as a general-register area does not exceed the
size of RAM installed.

5.3 Placement of 16-bit Data in Memory

This section describes how 16-bit data is stored in memory.
m Placement of 16-bit Data in Memory
a0 State of 16-bit data stored in RAM

When 16-bit data is written to memory, the upper byte of the data is stored at a smaller address and the lower byte is stored
at the next address. When 16-bit data is read, it is handled in the same way.

Figure 5-8. shows how 16-bit data is placed in memory.

Figure 5-8. Placement of 16-bit Data in Memory

execution Memory MOVW 0081H. A execution Memory
’

0080H 0080k
0081H 124 | 0081
Al123 4 0082+ Al1234n 34n | 0082+
0083H 0083+

o Storage state of 16-bit data specified by an operand

Even when the operand in an instruction specifies 16-bit data, the upper byte is stored at the address closer to the op-code
(instruction) and the lower byte is stored at the address next to the one at which the upper byte is stored.

That is true whether an operand is either a memory address or 16-bit immediate data.

Figure 5-9. shows how 16-bit data in an instruction is placed.
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Figure 5-9. Placement of 16-bit Data in Instruction

[Example] MOV A, 5678H ; Extended address
MOVW A, #1234H; 16-bit immediate data

@ Assemble

XXX0H XX XX

XXX2H 60 56 78 ; Extended address
XXX54 E4 12 34 ; 16-bit immediate data
XXX8H XX

o Storage state of 16-bit data in the stack

When 16-bit register data is saved in a stack on an interrupt, the upper byte is stored at a lower address in the same way as
16-bit data specified by an operand.
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This chapter describes the functions and operations of the clock controller.
6.10verview of Clock Controller

6.20scillation Stabilization Wait Time

6.3System Clock Control Register (SYCC)

6.4PLL Control Register (PLLC)

6.50scillation Stabilization Wait Time Setting Register (WATR)
6.6Standby Control Register (STBC)

6.7System Clock Control Register 2 (SYCC2)

6.8Standby Control Register 2 (STBC2)

6.9Clock Modes

6.100perations in Low-power Consumption Mode (Standby Mode)
6.11Clock Oscillator Circuit

6.120verview of Prescaler

6.13Configuration of Prescaler

6.140peration of Prescaler

6.15Notes on Using Prescaler

6.1 Overview of Clock Controller

The New 8FX family has a built-in clock controller that optimizes its power consumption. It has a dual external clock product
supporting both of the external main clock and the external subclock, and a single external clock product supporting only the
external main clock.

The clock controller enables/disables clock oscillation, enables/disables the supply of clock signals to the internal circuit,
selects the clock source, and controls the internal CR oscillator and frequency divider circuits.
m Overview of Clock Controller

The clock controller enables/disables clock oscillation, enables/disables clock supply to the internal circuit, selects the clock
source, and controls the internal CR oscillator and frequency divider circuits.

The clock controller controls the internal clock according to the clock mode, standby mode settings and the reset operation.
The clock mode is used to select an internal operating clock; the standby mode is used to enable and disable clock oscillation
and signal supply.

The clock controller selects the optimum power consumption and functions depending on the combination of clock mode and
standby mode.

The dual external clock product has four source clocks: a main clock formed by dividing the main oscillation clock by 2, a sub-
clock formed by dividing the sub-oscillation clock by 2, a main CR clock or a main CR PLL clock formed by multiplying the
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main CR oscillation clock by the PLL multiplication rate, and a sub-CR clock formed by dividing the sub-CR oscillation clock

by 2.

A single external clock product has three source clocks: a main clock formed by dividing the main oscillation clock by 2, a
main CR clock or a main CR PLL clock formed by multiplying the main CR oscillation clock by the PLL multiplication rate, and

a sub-CR clock.

m Block Diagram of Clock Controller
Figure 6-1. is the block diagram of the clock controller.

Figure 6-1. Block Diagram of Clock Controller

System clock control register 2 (SYCC2) Standby control register (STBC)
[ sroy [ mrDY [scroy[mcroy]sosce [mosce| scre [ McrE| [stp]stp]spJsrst[mo | - [ - | -]
Watch or time-base
timer mode
» Sleep mode
» Stop mode
System clock selector
T T Tt N
Main CR (5) | |
clock oscillator 4 )
circuit ! Prescaler |
Sub-CR © ! |
clock oscillator @ Divide by 2 ! (8) | No division —» |
circuit 1 X 9] Divide by 4 |—» [
| Divide by 8 —»] I(9) | Clock —— Supply to CPU
Main clock ! . + control .
»| oscilator  [{) Divide by 22 ! Divide by 16— [ ciruit Supply to perip-
circuit 71 : | heral resources
Subclock | Source clock :
oscillator ~ [(2) [Divide by 2| (4) | selection \
circuit vide by 4 | control circuit |
| 1 |
y VvV Main CR PLL (10) | :
- # clock oscillator > |
Oscillation circuit | X
stabilization |
»| wait circuit 3 y [ - ——ft1---—--
#  Clock for ti b timer
} Clock for watch timer
[mPEN [MPmct]mPMcowPrY] - T - ] - ] -]
PLLC control register (PLLC)
[swrs]swr2]swrt[swro|mwTa]mwr2 [MwT1 | MwTo] [scmz] scmi1 [somo [ scs2 [ scst [ scso [ pivi | pivo |
Oscillation stabilization wait time setting register (WATR) System clock control register (SYCC)
(1): Main clock (FcH) (5): Main CR clock (FcrH) (9): Machine clock (MCLK)
(2): Subclock (FcL) (6): Main CR reference clock (FcrHs) (10): Main CR PLL clock (FMCRPLL)
(3): Main clock (7): Sub-CR clock (FcRrL)
(4): Subclock (8): Source clock
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The clock controller consists of the following blocks:
g Main clock oscillator circuit

This block is the oscillator circuit for the main clock.
a Subclock oscillator circuit (Dual external clock product)

This block is the oscillator circuit for the subclock.
a1 Main CR clock oscillator circuit

This block is the oscillator circuit for the main CR clock.
7 Main CR PLL clock oscillator circuit

This block is the oscillator circuit for the main CR PLL clock.
7 Sub-CR clock oscillator circuit

This block is the oscillator circuit for the sub-CR clock.
o System clock selector
This block selects a clock according to the clock mode used from the following five types of source clock: main clock, sub-

clock, main CR clock, main CR PLL clock and sub-CR clock. The source clock selected is divided by the prescaler. The
divided clock is called "machine clock”, which is to be supplied to the clock control circuit.

a Clock control circuit
This block controls the supply of the machine clock to the CPU and each peripheral resource according to the standby mode
used or oscillation stabilization wait time.

a Oscillation stabilization wait circuit
This block outputs one of the 14 types of oscillation stabilization signals created by a dedicated timer in the oscillation stabili-

zation wait circuit as the oscillation stabilization signal for the main clock, or one of the 15 types of oscillation stabilization sig-
nals created by the same dedicated timer as the oscillation stabilization wait time signal for the subclock.

a  System clock control register (SYCC)
This register is used to select a clock mode and a machine clock divide ratio, and to indicate the current clock mode.
o PLL control register (PLLC)

This register is used to control the main CR PLL clock multiplier settings.
o Standby control register (STBC)

This register is used to control the transition from RUN state to standby mode, the setting of pin states in stop mode, time-
base timer mode, or watch mode, and the generation of software resets.

o System clock control register 2 (SYCC2)

This register is used to enable/disable the oscillations of the main clock, main CR clock, subclock, and sub-CR clock, and to
display the ready signals of main clock oscillation, subclock oscillation, sub-CR oscillation and main CR oscillation.

o Oscillation stabilization wait time setting register (WATR)

This register is used to set the oscillation stabilization wait time for the main clock and subclock.
a Standby control register 2 (STBC2)

This register is used to control the deep standby mode.
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m Clock Modes

There are five clock modes: main clock mode, main CR clock mode, main CR PLL clock mode, subclock mode, and sub-CR
clock mode.

Table 6-1. shows the relationships between the clock modes and the machine clock (operating clock for the CPU and periph-
eral functions).

Table 6-1. Clock Modes and Machine Clock Selection

Clock mode Machine clock
Main clock mode The machine clock is generated by dividing the main oscillation clock by 2.
Main CR clock mode The machine clock is generated from the main CR clock.
Main CR PLL clock mode The machine clock is generated by T;tlit(i)r::yrigt%the main CR clock by a PLL multipli-

Subclock mode

(Dual external clock product only) The machine clock is generated by dividing the sub-oscillation clock by 2.

Sub-CR clock mode The machine clock is generated by dividing the sub-CR oscillation clock by 2.

In any clock mode, the frequency of a selected clock can be divided. In addition, in a mode in which the PLL clock is used, the
PLL multiplication rate for a clock frequency can be selected.

m Peripheral Function not Affected by Clock Mode

The peripheral function listed in the table below is not affected by the clock mode, division, or PLL multiplication rate settings.
Table 6-2. lists the peripheral function not affected by the clock mode.

Table 6-2. Peripheral Function Not Affected by Clock Mode

Peripheral function Operating clock

Main clock (with time-base timer output selected)
Subclock (with watch prescaler output selected) (Dual external clock product only)

Watchdog timer

For some peripheral functions other than the one listed above, the time-base timer or the watch prescaler can be selected as
the count clock. Check the description of each peripheral resource for details.
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m  Standby Mode

The clock controller selects whether to enable or disable clock oscillation and clock supply to the internal circuitry according to
the standby mode selected. With the exception of time-base timer mode and watch mode, the standby mode can be set inde-

pendently of the clock mode.

Table 6-3. shows the relationships between standby modes and clock supply states.

Table 6-3. Standby Mode and Clock Supply States

Standby mode Clock supply state
Sleep mode Clock supply to the CPU is stopped. As a result, the CPU stops operating, but other
P peripheral functions continue operating.

Clock signals are only supplied to the time-base timer and the watch prescaler, while the

clock supply to other circuits is stopped. As a result, all the functions other than the time-

) . base timer, watch prescaler, external interrupt, and low-voltage detection reset (option)

Time-base timer mode are stopped.

The time-base timer mode can be used in main clock mode, main CR clock mode and
main CR PLL clock mode.

Main clock oscillation is stopped. Clock signals are supplied only to the watch prescaler,

Watch mode while clock supply to other circuits is stopped. As a result, all the functions other than the
(Dual external clock product | Watch prescaler, external interrupt, and low-voltage detection reset (option) are stopped.
only) The watch mode is the standby mode that can be used in subclock mode and sub-CR
clock mode.

Main clock oscillation and subclock oscillation are stopped, and clock supply to all circuits
Stop mode is stopped. As a result, all the functions other than external interrupt and low-voltage
detection reset (option) are stopped.

Note:
Clocks that are not mentioned in Table 6-3. are supplied under particular settings.

For example, with main clock mode being the clock mode and stop mode being the standby mode, when SYCC2:SOSCE and
SYCC2:SCRE are set to "1", the watch prescaler operates.

In addition, with the hardware watchdog timer already started, the watchdog timer operates also in standby mode.
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m Combinations of Clock Mode and Standby Mode

Table 6-4. and Table 6-5. list the combinations of clock mode and standby mode, and the respective operating states of differ-

ent internal circuits with different combinations of clock mode and standby mode.

Table 6-4. Combinations of Standby Mode and Clock Mode, and Internal Operating States (1)

Clock Controller

RUN Sleep
Main CR Subclock Main CR Subclock
Function Main clock cI:nc;I;r:ngge/ m::'t‘:fr?;a' Sub-CR | Main clock cI:nc;I;l:ngge/ m:)?tingr?aulal Sub-CR
mode | p| clock | clock |¢lockmode| mode | b/} ciock | clock | Slock mode
mode product) mode product)
Main clock Operating | Stopped”’ Stopped Operating | Stopped’ Stopped
Main CR clock/
Main ICRkPLL Stopped2 | Operating Stopped Stopped? | Operating Stopped
cloc
Subclock Operating™® Operating | Operating™ Operating™® Operating | Operating™
Sub-CR clock Operating™ Operating™ | Operating Operating™ Operating® | Operating
CPU Operating Operating Stopped Stopped
Flash memory . .
Operating Operating Value held Value held
RAM
1/0 ports Operating Operating Output held Output held
Tin;ien;g?se Operating Stopped Operating Stopped
Watg;gres- Operating™ ™ Operating Operating™® ™ Operating
Exterpuagtinter- Operating Operating Operating Operating
waﬂ;ﬂfg’éatﬁfner Operating Operating Operating™ Operating®
f . ;
watiﬁc}g;;?mer Operating Operating Stopped Stopped
dle_tC)eV(\{,Ei\g)r:t?eg:et Operating Operating Operating Operating
g,g}%gg&g’g Operating Operating Operating Operating

*1: The main clock operates when the main clock oscillation enable bit in the system clock control register 2

(SYCC2:MOSCE) is set to "1".

*2: The main CR clock or the main CR PLL clock operates when main CR clock oscillation enable bit in the system clock

control register 2 (SYCC2:MCRE) is set to "1".

*3: The module operates when the subclock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE) is

set to "1".

*4: The module operates when the sub-CR clock oscillation enable bit in the system clock control register 2 (SYCC2:SCRE)

is set to "1".

*5: The hardware watchdog timer stops when the hardware watchdog timer is disabled by the non-volatile register in

standby mode.
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Table 6-5. Combinations of Standby Mode and Clock Mode and Internal Operating States (2)

Time-base timer Watch prescaler Stop
Main CR Subclock Main CR Subclock
Function - clock mode/ | mode (Dual ) . clockmode/| mode (Dual | Sub-CR
Marl:o‘:’l:(:k Main CR external CIS:I? rr?:de Ma:ot'(:’lgck Main CR external clock
PLL clock clock PLL clock clock mode
mode product) mode product)
Main clock Operating | Stopped’ Stopped Stopped
Main CR clock/ .
Main CR PLL | Stopped 2 Operating Stopped Stopped
clock
Subclock Operating™ Operating | Operating™ Operating™ Stopped
Sub-CR clock Operating™ Operating™® | Operating Operating ™ Stopped
CPU Stopped Stopped Stopped
Flash memory
Value held Value held Value held
RAM
I/O ports Output held / Hi-Z Output held Output held/Hi-Z
T'Ti‘;gfse Operating Stopped Stopped
Wafglg'res- Operating™ ™ Operating Operating™® 4 Stopped
Exterpua;tinter- Operating Operating Operating
Hardware - . o
watchdog timer Operating™® Operating™® Operating®
Software
watchdog timer Stopped Stopped Stopped
dg%MéE;g?:tfgget Operating Operating Operating
Other periph-
eral functions Stopped Stopped Stopped

*1: The main clock operates when the main clock oscillation enable bit in the system clock control register 2

(SYCC2:MOSCE) is set to "1".

*2: The main CR clock or the main CR PLL clock operates when main CR clock oscillation enable bit in the system clock
control register 2 (SYCC2:MCRE) is set to "1".

*3: The module operates when the subclock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE) is
setto "1".

*4: The module operates when the sub-CR clock oscillation enable bit in the system clock control register 2 (SYCC2:SCRE)
is setto "1".

*5: The hardware watchdog timer stops when the hardware watchdog timer is disabled by the non-volatile register in
standby mode.

6.2

The oscillation stabilization wait time is the time after the oscillator circuit stops oscillation until the oscillator resumes its sta-
ble oscillation at its natural frequency. The clock controller obtains the oscillation stabilization wait time after the start of oscil-
lation by counting a specific number of oscillation clock cycles. During the oscillation stabilization wait time, the clock
controller stops clock supply to internal circuits.

Oscillation Stabilization Wait Time

m Oscillation Stabilization Wait Time

The clock controller obtains the oscillation stabilization wait time after the start of oscillation by counting a specific number of
oscillation clock cycles. During the oscillation stabilization wait time, the clock controller stops clock supply to internal circuits.

When the power is switched on, or when a state transition request making the oscillator start from the oscillation stop state is
generated due to a change of clock mode caused by a reset, by an interrupt in standby mode or by the software operation,
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the clock controller automatically waits for the oscillation stabilization wait time of the main clock or of the subclock to elapse
before making the clock mode transit to another mode.

Figure 6-2. shows how the oscillator operates immediately after starting oscillating.

Figure 6-2. Behavior of Oscillator Immediately after Starting Oscillation

Normal operation
(Operation after returning )
Oscillation time of ~ Oscillation stabilization \ from stop mode or a reset
: oscillator : wait time :
Oscillation started Oscillation stabilized

Oscillation stabilization wait time of main clock, subclock, main CR clock, main CR PLL clock or sub-CR clock is counted by
using a dedicated counter. The count value can be set in the oscillation stabilization wait time setting register (WATR). Set it in
keeping with the oscillator characteristics.

When a power-on reset occurs, the oscillation stabilization wait time is fixed at the initial value.

Table 6-6. shows the length of oscillation stabilization wait time.

Table 6-6. Oscillation Stabilization Wait Time

Clock Reset source Oscillation stabilization wait time
Power-on reset Initial value: (2'4-2)/F ¢y (Fcpy: main clock frequency)
Main clock
Other than power-on reset Register settings (WATR:MWT[3:0])
Subclock Power-on reset Initial value: (215-2)/FC|_ (FcL: subclock frequency)
(Dual external clock product) | other than power-on reset Register settings (WATR:SWT[3:0])

After the oscillation stabilization wait time of the main clock ends, the measurement of the oscillation stabilization wait time of
the subclock is started.

m PLL Clock Oscillation Stabilization Wait Time

As with the oscillation stabilization wait time of the oscillator, the clock controller automatically waits for the PLL oscillation sta-
bilization wait time to elapse after a request for state transition from PLL oscillation stopped state to oscillation start is gener-
ated via an interrupt in standby mode or a change of clock mode by software. Note that the PLL clock oscillation stabilization
wait time changes according to the PLL startup timing.

Table 6-7. shows the PLL oscillation stabilization wait time.

Table 6-7. PLL Oscillation Stabilization Wait Time

PLL oscillation stabilization wait
\ time

Main CR PLL clock 2"2/FcrpLL
FMCRPLL = 16 MHz
m CR Clock Oscillation Stabilization Wait Time

As with the oscillation stabilization wait time of the oscillator, when a state transition request making CR oscillation start from
the CR oscillation stop state is generated due to a change of clock mode caused by an interrupt in standby mode or by the
software operation, the clock controller automatically waits for the CR oscillation stabilization wait time to elapse.
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Table 6-8. shows the CR oscillation stabilization wait time.
Table 6-8. CR Oscillation Stabilization Wait Time

\ CR oscillation stabilization wait
time

Main CR clock 2'%F crus !

Sub-CR clock 25/F gL 2
*1: Fcrus = 4 MHz
*2: FCRL =100 kHz
m Oscillation Stabilization Wait Time and Clock Mode/Standby Mode Transition

If state transition occurs, the clock controller automatically waits for the oscillation stabilization wait time to elapse whenever
necessary. Depending on the circumstances under which state transition occurs, the clock controller does not wait for the
oscillation stabilization wait time to elapse even if state transition occurs.

For details on state transition, see "6.9 Clock Modes" and "6.10 Operations in Low-power Consumption Mode (Standby
Mode)".

6.3 System Clock Control Register (SYCC)

The system clock control register (SYCC) is used to select a machine clock divide ratio and a clock mode, and to indicate the
current clock mode.
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m System Clock Control Register (SYCC)
Figure 6-3. System Clock Control Register (SYCC)

Clock Controller

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
ooo7n| scM2 | scmt | scmo | scs2 | scst | scso | DIVt | DIVO |XXX11011s
R/WX R/WX R/WX R/W R/W R/W R/W R/W
I—» DIV1 DIVO Machine clock divide ratio select bits
0 0 Source clock (no division)
0 1 Source clock/4
1 0 Source clock/8
1 1 Source clock/16
- SCS2 | SCS1 SCS0 Clock mode select bits
0 0 0 Subclock mode
0 0 1 Reserved
0 1 0 Main clock mode
0 1 1 Reserved
1 0 0 Sub-CR clock mode
1 0 1 Reserved
1 1 0 Main CR clock mode
1 1 1 Main CR PLL clock mode
- SCM2 | SCM1 [ SCMO Clock mode monitor bits
0 0 0 Subclock mode
0 0 1 Reserved
0 1 0 Main clock mode
0 1 1 Reserved
1 0 0 Sub-CR clock mode
1 0 1 Reserved
1 1 0 Main CR clock mode
1 1 1 Main CR PLL clock mode
R/W . Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
X : Indeterminate
: Initial value
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Table 6-9. Functions of Bits in System Clock Control Register (SYCC)

Bit name

Function

bit7 to
bits

SCM2, SCM1, SCMO:

Clock mode monitor
bits

Reading "000g":Indicates that the current clock mode is subclock mode.
Reading "010g":Indicates that the current clock mode is main clock mode.
Reading "100g":Indicates that the current clock mode is sub-CR clock mode.
Reading "110g":Indicates that the current clock mode is main CR clock mode.
Reading "111g":Indicates that the current clock mode is main CR PLL clock mode.

These bits indicate the current clock mode.

bit4 to
bit2

SCS2, SCS1, SCS0:
Clock mode select bits

These bits select a clock mode.
Writing "000g":Selects subclock mode.

Writing "010g":Selects main clock mode.
Writing "100g":Selects sub-CR clock mode.
Writing "110g":Selects main CR clock mode.

Writing "111g":Selects main CR PLL clock mode.

bit1,
bit0

DIV1, DIVO:

Machine clock divide
ratio select bits

These bits select the machine clock divide ratio for the source clock.
The machine clock is generated from the source clock according to the divide ratio set by

these bits.

DIV1

DIVO

Machine clock divide ratio select bits

0

0

Source clock (no division)

Source clock/4

Source clock/8

0
1
1

1
0
1

Source clock/16
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6.4 PLL Control Register (PLLC)

The PLL control register (PLLC) controls the main CR PLL clock multiplier settings.
m PLL Control Register (PLLC)

Figure 6-4. PLL Control Register (PLLC)

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
0006+ | MPEN | MPMC1 | MPMCO | MPRDY - - - | - 000X00008
R/W R/W R/W R/WX RO/WX RO/WX RO/WX RO/WX
Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
- Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
=  MPRDY Main CR PLL clock oscillation stabilization bit
0 Main CR PLL clock oscillation is not ready.
1 Main CR PLL clock oscillation is ready.
- MPMC1 | MPMCO Main CR PLL clock multiplier control bits
0 0 Main CR clock x 2
0 1 Main CR clock x 2.5
1 0 Main CR clock x 3
1 1 Main CR clock x 4
MPEN Main CR PLL clock enable bit
0 Disables the main CR PLL clock.
1 Enables the main CR PLL clock.
R/W : Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.
- : Undefined bit
: Initial value
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Table 6-10. Functions of Bits in PLL Control Register (PLLC)

Bit name Function
This bit enables or disables the main CR PLL clock.
Writing "0":Disables the main CR PLL clock.
Writing "1":Enables the main CR PLL clock.
MPEN: When SCS[2:0] are set to "111g", this bit will be automatically set to "1".
bit7 Main CR PLL clock | When SCS[2:0] or SCM[2:0] are set to "111g", writing "0" to this bit has no effect on operation.
enable bit This bit will be automatically set to "0" when the clock mode transits from one mode to
another mode except main CR PLL clock mode.
When the current clock mode is subclock mode or sub-CR clock mode, writing "1" to this bit
has no effect on operation.
These bits select a main CR PLL clock multiplier.
MPMC1 MPMCO Main CR PLL clock multiplier
0 0 Main CR clock x 2
0 1 Main CR clock x 2.5
. MPMC1, MPMCO: 1 0 Main CR clock x 3
b8, | Main CR PLL clock
bit5 multiplier select bits 1 1 Main CR clock x 4
The settings of these bits can be modified only when the main CR PLL clock is stopped. Thus
these bits can be modified in main clock mode, main CR clock mode, subclock mode or sub-
CR clock mode.
Note:When SCS[2:0] or SCM[2:0] are set to "111g", writing values to MPMC[1:0] is prohib-
ited.
. MPRDY: This bit indicates whether main CR PLL clock oscillation is ready.
bit4 Oxﬁ&gﬁg;bggﬂén Reading "0":Indicates that main CR PLL clock oscillation is not ready.
bit Reading "1":Indicates that main CR PLL clock oscillation is ready.
bigﬁ(t)o Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
6.5 Oscillation Stabilization Wait Time Setting Register (WATR)

This register is used to set the oscillation stabilization wait time.
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m Oscillation Stabilization Wait Time Setting Register (WATR)
Figure 6-5. Oscillation Stabilization Wait Time Setting Register (WATR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0005+ | SWT3 | SWT2 [ SWT1 | SWTO | MWT3 | MWT2 [ MWT1 [ MWTO | 111111118
R/W R/W R/W R/W R/W R/W R/W R/W
> MWTIMWT2MWT IMWTO g:t’;g:; Main Oscillation Clock Fch = 4 MHz
1T [ 1] 1] 12142 [(2"-2)/FcH|About 4.10 ms
1111110 218.2 [(2™8-2)/FcH|About 2.05 ms
11110711 [ 2122 [(2"-2)/FcH|About 1.02 ms
1 1 0 0 2112 [ (2'-2)/FcH|511.5 us
1 0 1 1 2102 [(219-2)/Fch|255.5 us
110 [ 1[0 292 [(29-2)/Fcn [127.5us
1 0 0 1 28.2 [(28-2)/FcH [63.5 us
1 0 0 0 27.2 [(27-2)/Fcu [31.5us
0 1 1 1 262 [(25-2)/FcH [15.5 us
0| 1 1 0 25.2 [(25-2)/FcH [7.5us
o] 1[0 24.2 [(2*-2)/FcH [3.5us
0 1 0 0 23.2 [(23-2)/FcH [1.5us
o0 1 1 22.92 [(22-2)/Fcn 0.5 us
0Ol 0] 1]0] 21-2 [(2'-2)/FcH [0.0us
0 0 0 1 21.2 [(2'-2)/Fcu [0.0 us
0 0 0 0 21.2 [(2'-2)/FcH [0.0 us
»lswTalswT2|swT1|swTo g:“cr;gz; Sub-oscillation Clock Fet = 32.768 kHz
1T [ 1] 1[1[215.2 [(2-2)/FcL [About 1.00 s
1 1 1 0 | 214-2 [(2"-2)/FcL [About0.5s
11110 [ 1] 218.2 [(2-2)/FcL [About0.25 s
11110710/ 2122 [(2"-2)/FcL [About0.125 s
110111 [21-2 [(2"-2)/FcL | About 62.44 ms
110 ] 1]0] 202 [(2°-2)/FcL [About 31.19 ms
1101071 [ 29-2 [(2°-2)/FcL |About 15.56 ms
1]10]0] 0] 28-2 |[(2%-2)/Fc. |About7.75 ms
O] 1 [ 1] 1] 27-2 [(27-2)/Fc. | About 3.85 ms
O [ 1 [ 1[0 26-2 [(25-2)/Fc. [About 1.89 ms
0 1 0 1 25.2 [(2°-2)/FcL [About 915.5 us
0 1 0 0 24.2 [(2*-2)/FcL [About 427.2 us
0 0 1 1 23.2 [(23-2)/FcL [About 183.1 us
0 0 1 0 22.2 [(22-2)/FcL [About 61.0 us
O[o0of[O]1 21.2 [(2'-2)/FcL [0.0 us
0 0 0 0 21.2 [(2'-2)/FcL [0.0 us
R/W : Readable/writable (The read value is the same as the write value.)
. Initial value
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Table 6-11. Functions of Bits in Oscillation Stabilization Wait Time Setting Register (WATR)

(Sheet 1 of 2)

Bit name Function
These bits set the subclock oscillation stabilization wait time.
SWT3, SWT2, SWT1, SWTO N“Cr;gg;"f Subclock Fgy = 32.768 kHz
111 2152 (2'%-2)/F. About 1.0's
1110g ) (2'*-2)/Fc About 0.5 s
1101 2132 (23-2)/F About 0.25 s
1100g 2122 (2'2-2)/Fc About 0.125 s
1011g 212 (2"1-2)/Fc. About 62.44 ms
1010z 2102 (2'°-2)/F, About 31.19 ms
1001g 292 (29-2)/F L About 15.56 ms
1000g 28-2 (28-2)/F About 7.75 ms
0111g 27-2 (27-2)/F About 3.85 ms
0110g 262 (28-2)/Fc About 1.89 ms
0101g 252 (25-2)/F About 915.5 us
SWT3, SWT2, 0100g 242 (2*-2)IFc About 427.2 ps
btig Suﬁ(‘;‘gcl ;"C"ig}on 0011g 23.2 (23-2)/Fc. About 183.1 s
bitd4 | stabilization wait time 0010g 222 (22-2)/Fc. About 61.0 us
select bits 00015 22 (2"-2)/F 0.0 us
00005 219 (2"-2)/F 0.0 ps

On a single external clock product, the values of these bits have no effect on operation.

The number of cycles in the above table is the minimum subclock oscillation stabilization wait
time. The maximum value is the number of cycles in the above table plus 1/F¢, .

Note: Do not modify these bits during subclock oscillation stabilization wait time. Modify them
either when the subclock oscillation stabilization bit in the system clock control register 2
(SYCC2:SRDY) has been set to "1", or in main clock mode, main CR clock mode, main CR
PLL clock mode or sub-CR clock mode. These bits can also be modified when the subclock is
stopped with the subclock oscillation stop bit in the system clock control register 2
(SYCC2:SOSCE) set to "0" in main clock mode, main CR clock mode or sub-CR clock mode.
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Table 6-11. Functions of Bits in Oscillation Stabilization Wait Time Setting Register (WATR)

(Sheet 2 of 2)

Clock Controller

Bit name Function
These bits set the main clock oscillation stabilization wait time.
MWT3, MWT2, MWT1, MWTO N‘é’;‘ggg"f Main clock Fgy = 4 MHz
1111p 2142 (2"*-2)/FcuAbout 4.10 ms
1110g 2132 (2"3-2)/FcyAbout 2.05 ms
1101g 212.2 (2'%-2)/FcyAbout 1.02 ms
1100z 212 (2"-2)/Fcp511.5 ps
1011 2102 (210-2)/F c1255.5 ps
1010z 292 (29-2)/Fcy127.5 s
1001 282 (28-2)/F c1463.5 us
1000g 272 (27-2)/Fcp31.5 us
0111g 262 (28-2)/Fcp15.5 us
0110g 252 (25-2)/Fcp7.5 us
0101g 242 (2*-2)IFc13.5 us
bit3 mﬁ mw% 01008 2%-2 (2%2)/Fcu1 5 s
to Main clock oscillation 0011 222 (22-2)/F 0.5 ps
bit0 stabiligglt(ie%rt\ g\iltasit time 0010g X (2"2)/F 0.0 s
0001g 212 (2'-2)/Fc10.0 ps
0000g 212 (2'-2)/F10.0 ps

The number of cycles in the above table is the minimum main clock oscillation stabilization
wait time. The maximum value is the number of cycles in the above table plus 1/Fgy.

Note: Do not modify these bits during main clock oscillation stabilization wait time. Modify

them either when the main clock oscillation stabilization bit in the standby control register

(STBC:MRDY) has been set to "1", or in main CR clock mode, subclock mode or sub-CR
clock mode. These bits can also be modified when the main clock is stopped with the main
clock oscillation stop bit in the system clock control register 2 (SYCC2:MOSCE) set to "0" in

main CR clock mode, subclock mode or sub-CR clock mode.

m Note on Setting WATR Register

When using the dual operation Flash function of a device not equipped with the low-voltage detection reset, always set the
main clock oscillation stabilization wait time to 90 us or above (set WATR:MWTI[3:0] to "1010g" or above with the main clock

frequency Fcy being 4 MHz).

The above setting requirement applies to the following products:
MB95F562H/F563H/F564H
MB95F572H/F573H/F574H
MB95F582H/F583H/F584H

When a Flash program/erase operation occurs with the main clock oscillation stabilization wait time having ended within 90
us, the operation may fail.
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6.6 Standby Control Register (STBC)

The standby control register (STBC) is used to control transition from the RUN state to sleep mode, stop mode, time-base
timer mode, or watch mode, to set the pin state in stop mode, time-base timer mode, and watch mode, and to control the gen-

eration of software resets.

m Standby Control Register (STBC)

Figure 6-6. Standby Control Register (STBC)

Address  bit7

bité bits bit4 bit3 bit2 bit1 bit0 Initial value

0008+ | STP | SLP | SPL [SRST] TMD | - [ - [ - ]| 00000000e

ROW ROW RW ROW ROW RO/WX RO/WX RO/WX

L,

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Watch bit
TMD -
Read Write
0 "0" is always read. Has no effect on operation.
] Main Cﬁ%ﬁn@g%vfg}o%ﬁ ,%'gg'é mode/| 5ubelock mode/Sub-CR clock mode
ti%%‘fgggérﬁgsgtri%‘otge Causes transition to watch mode
Software reset bit
SRST -
Read Write
0 "0" is always read. Has no effect on operation
1 - Generates a 3-machine clock reset signal
SPL Pin state setting bit
0 Holds external pins in their immediately preceding state in stop mode,
time-base timer mode, or watch mode.
1 Places external pins in a high impedance state in stop mode, time-base timer mode,
or watch mode.
Sleep bit
SLP -
Read Write
0 "0" is always read. Has no effect on operation
1 - Causes transition to sleep mode
Stop bit
STP -
Read Write
0 "0" is always read. Has no effect on operation
1 - Causes transition to stop mode
R/W : Readable/writable (The read value is the same as the write value.)
RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.
RO,W . Write only (Writable. The read value is “0”.)

1 Undefined bit
: Initial value
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Bit name Function
This bit sets the transition to stop mode.
Writing "0":Has no effect on operation.
bit7 STP: Writing "1":causes the device to transit to stop mode.
Stop bit The read value of this bit is always "0".
Note:After an interrupt request is issued, writing "1" to this bit is ignored. For details, see
"6.10.1 Notes on Using Standby Mode".
This bit sets the transition to sleep mode.
Writing "0":Has no effect on operation.
Writing "1":Causes the device to transit to sleep mode.

Table 6-12. Functions of Bits in Standby Control Register (STBC)

bit6 SLP:
Sleep bit The read value of this bit is always "0".
Note: After an interrupt request is issued, writing "1" to this bit is ignored. For details, see
"6.10.1 Notes on Using Standby Mode".

This bit sets the states of external pins in stop mode, time-base timer mode, and watch mode.
Writing "0":The state (level) of an external pin is kept in stop mode, time-base timer mode

bit5 ' SPL: o and watch mode.
Pin state setting bit Writing "1":An external pin becomes high impedance in stop mode, time-base timer mode
and watch mode. (A pin for which connection to a pull-up resistor has been selected in the
pull-up setting register is pulled up.)
This bit sets a software reset.
Writing "0":Has no effect on operation.
Writing "1":Generates a 3-machine clock reset signal.

. SRST:
bit4 Software reset bit
The read value of this bit is always "0".
On a dual external clock product, this bit sets transition to time-base timer mode or watch
mode.
On a single external clock product, the bit sets transition to time-base timer mode.
Writing "1" to this bit in main clock mode or main CR clock mode causes the device to transit
TMD: to time-base timer mode.
bit3 . Writing "1" to this bit in subclock mode or sub-CR clock mode causes the device to transit to
Watch bit watch mode.
Writing "0" to this bit has no effect on operation.
The read value of this bit is always "0".
Note:After an interrupt request is issued, writing "1" to this bit is ignored. For details, see
"6.10.1 Notes on Using Standby Mode".
biéiZt(tJo Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation

Notes:
m Set a standby mode after making sure that the transition to clock mode has been completed by comparing the values of
the clock mode monitor bits (SYCC:SCM[2:0]) and clock mode setting bits (SYCC:SCS[2:0]) in the system clock control

register.
If two or more of the following bits, stop bit (STP), sleep bit (SLP), software reset bit (SRST) and watch bit (TMD), are set

]
to "1" together, the order of priority for such bits is as follows:

(1) Software reset bit (SRST)
(2) Stop bit (STP)
(3) Watch bit (TMD)
(4) Sleep bit (SLP)
When released from standby mode, the device returns to the normal operating state.

System Clock Control Register 2 (SYCC2)

6.7
The system clock control register 2 (SYCC2) is used to indicate the respective stabilization conditions of main clock oscilla-
tion, subclock oscillation, main CR clock oscillation and sub-CR clock oscillation, and to control main clock oscillation, sub-

clock oscillation, main CR clock oscillation and sub-CR clock oscillation.
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m System Clock Control Register 2 (SYCC2)
Figure 6-7. System Clock Control Register 2 (SYCC2)

Address __ bit7 bit6 bits bit4 bit3 bit2 bit1 bito Initial value
000DH| SRDY [ MRDY [ SCRDY [ MCRDY | SOSCE | MOSCE | SCRE MCRE _|XXXX00118
RIWX RIWX RIWX RIWX RW RW RIW RIW

]

L MCRE Main CR clock oscillation enable bit
0 Disables main CR clock oscillation.
1 Enables main CR clock oscillation.
SCRE Sub-CR clock oscillation enable bit
0 Disables sub-CR clock oscillation.
1 Enables sub-CR clock oscillation.
= MOSCE Main clock oscillation enable bit
0 Disables main clock oscillation.
1 Enables main clock oscillation.
= SOSCE Subclock oscillation enable bit
0 Disables subclock oscillation.
1 Enables subclock oscillation.
= MCRDY Main CR clock oscillation stabilization bit

Indicates the main CR clock oscillation stabilization wait state or

0 that main CR clock oscillation has been stopped.
1 Indicates that main CR clock oscillation has stabilized.
= SCRDY Sub-CR clock oscillation stabilization bit
o Indicates the sub-CR clock oscillation stabilization wait state
or that sub-CR clock oscillation has been stopped.
1 Indicates that sub-CR clock oscillation has stabilized.
= MRDY Main clock oscillation stabilization bit
Indicates the main clock oscillation stabilization wait state
0 ] P~
or that main clock oscillation has been stopped.
1 Indicates that main clock oscillation has stabilized.
=  SRDY Subclock oscillation stabilization bit
o Indicates the subclock oscillation stabilization wait state
or that subclock oscillation has been stopped.
1 Indicates that subclock oscillation has stabilized.
R/W : Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
X : Indeterminate
: Initial value
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Table 6-13. Functions of Bits in System Clock Control Register 2 (SYCC2) (Sheet 1 of 2)

tion enable bit

Bit name Function
This bit indicates whether subclock oscillation has become stable.
When the SRDY bit is set to "1", that indicates the oscillation stabilization wait time for the
SRDY: subclock has elapsed.
bit7 Subclock oscillation | When the SRDY bit is set to "0", that indicates that the clock controller is in the subclock oscil-
stabilization bit lation stabilization wait state or that subclock oscillation has been stopped.
This bit is read-only. Writing data to it has no effect on operation.
On a single external clock product, the value of this bit has no effect on operation.
This bit indicates whether main clock oscillation has become stable.
MRDY: When the MRDY bit is set to "1", that indicates that the oscillation stabilization wait time for
bit6 Main clock oscillation o the main ?IOCK has elapsed. - .
stabilization bit When the MRDY bit is set to "0", that indicates that the clock controller is in the main clock
oscillation stabilization wait state or that main clock oscillation has been stopped.
This bit is read-only. Writing a value to it has no effect on operation.
This bit indicates whether sub-CR clock oscillation has become stable.
When the SCRDY bit is set to "1", that indicates the oscillation stabilization wait time for the
SCRDY: sub-CR clock has elapsed
bit5 Sub-CR clock oscilla- When the SCRDY bit is set to "0", that indicates that the clock controller is in the sub-CR
tion stabilization bit clock oscillation stabilization wait state or that sub-CR clock oscillation has been stopped.
This bit is read-only. Writing a value to it has no effect on operation.
On a single external clock product, the value of this bit has no effect on operation.
This bit indicates whether main CR clock oscillation has become stable.
MCRDY: When the MCRDY bit is set to "1", that indicates the oscillation stabilization wait time for the
bit4 | Main CR clock oscilla- N main CR clgck has elapsed. o .
tion stabilization bit When the I\/_ICRDY bit is set to "0", that indicates that the clock controller is in the main CR
clock oscillation stabilization wait state or that main CR clock stabilization has been stopped.
This bit is read-only. Writing a value to it has no effect on operation.
This bit enables or disables the subclock oscillation.
Writing "0":Disables subclock oscillation.
bit3 Subclgg(scgsi:llation Writing "1":Enables subclock oscillation.
enable bit When SCS[2:0] are set to "000g" or "001g", this bit will be automatically set to "1".
When SCS[2:0] or SCM[2:0] are set to "000g" or "001g", writing "0" to this is has no effect on
operation.
This bit enables or disables the main clock oscillation.
Writing "0":Disables main clock oscillation.
Writing "1":Enables main clock oscillation.
MOSCE: When SCS[2:0] are set to "010g" or "011g", this bit will be automatically set to "1".
bit2 Main clock oscillation | YWhen SCS[2:0] or SCM[2:0] are set to "010g" or "011g", writing "0" to this is has no effect on
enable bit operation.
This bit will be automatically set to "0" when the clock mode is changed from one mode to
another mode except main clock mode.
When the current clock mode is subclock mode or sub-CR clock mode, writing "1" to this bit
has no effect on operation.
This bit enables or disables the sub-CR clock oscillation.
Writing "0":Disables sub-CR clock oscillation.
Writing "1":Enables sub-CR clock oscillation.
. SCRE: . When SCS[2:0] are set to "100g" or "101g", this bit will be automatically set to "1".
bit1 Sub-CR clock oscilla-

When SCS[2:0] or SCM[2:0] are set to "100g" or "101g", writing "0" to this is has no effect on
operation.
When SCS[2:0] and SCM[2:0] are not set to "100g" or "101g", this bit can be modified inde-
pendently of other bits.
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Table 6-13. Functions of Bits in System Clock Control Register 2 (SYCC2) (Sheet 2 of 2)

Bit name Function

This bit enables or disables the main CR clock oscillation.
Writing "0":Disables main CR clock oscillation.
Writing "1":Enables main CR clock oscillation.
MCRE: When SCSJ[2:0] are set to "110" or "111", this bit will be automatically set to "1".
bit0 | Main CR clock oscilla- | YWhen SCS[2:0] or SCM[2:0] are set to "110" or "111", writing "0" to this is has no effect on

tion enable bit operation.
This bit will be automatically set to "0" when the clock mode is changed from one mode to
another mode except main CR clock mode or from main CR PLL clock mode.

When the current clock mode is subclock mode or sub-CR clock mode, writing "1" to this bit
has no effect on operation.

6.8 Standby Control Register 2 (STBC2)

The standby control register 2 (STBC2) is used to control the deep standby mode.
m Standby Control Register 2 (STBC2)

Figure 6-8. Standby Control Register 2 (STBC2)

Address  bit7 bite bit5 bit4 bit3 bit2 bit1 bito Initial value
000EH| - | - | - 1 - 1 - - - DSTBYX |000000008
ROUWX ~ ROWX  ROWX  ROWX  RO/WX  RO/WX  RO/WX R/W

]

I—» DSTBYX Deep standby mode control bit
0 Disables the Flash memory in standby mode.
1 Enables the Flash memory in standby mode.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

R/W : Readable/writable (The read value is the same as the write value.)
RO/WX : The read value is “0”. Writing a value to this bit has no effect on operation.
- : Undefined bit

: Initial value
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Table 6-14. Functions of Bits in Standby Control Register 2 (STBC2)

Bit name Function
bigmo Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
This bit makes the device transit to deep standby mode by disabling the Flash memory in
DSTBYX: standby mode.
bit0 ) Writing "0":Enables the deep standby mode. The Flash memory is disabled when the device
Deepcitgt’:glbgi{mde enters standby mode according to the setting of the standby control register (STBC).
Writing "1":Disables the deep standby mode. The Flash memory is enabled when the device
enters standby mode according to the setting of the standby control register (STBC).
Notes:

m The time of waking up the device from deep standby mode is the sum of Flash recovery wait time (9/MCLK) and oscilla-
tion stabilization wait time.

m Do not make the device transit to deep standby mode when a Flash command sequence (except read/reset) has been
invoked.

6.9 Clock Modes

There are five clock modes: main clock mode, subclock mode, main CR clock mode, main CR PLL clock mode, and sub-CR
clock mode. Mode switching occurs according to the settings in the system clock control register (SYCC).

m Operations in Main Clock Mode

In main clock mode, the main clock is used as the machine clock for the CPU and peripheral functions.
The time-base timer operates using the main clock.

The watch prescaler operates using the subclock or the sub-CR clock.

While the device is operating in main clock mode, it can be set to transit to one of the following standby mode: sleep mode,
stop mode, or time-base timer mode.

After a reset, the device always enters main CR clock mode regardless of the clock mode used before that reset.

m Operations in Subclock Mode (on Dual External Clock Product)

In subclock mode, main clock oscillation is stopped* and the subclock is used as the machine clock for the CPU and periph-
eral functions. In this mode, the time-base timer stops as it requires the main clock for operation.

While the device is operating in subclock mode, it can be set to transit to one of the following standby mode: sleep mode, stop
mode, or watch mode.

m Operations in Main CR Clock Mode or Main CR PLL Clock Mode

In main CR clock mode, the main CR clock is used as the machine clock for the CPU and peripheral functions. In main CR

PLL clock mode, the main CR PLL clock is used as the machine clock for the CPU and peripheral functions. The time-base
timer and the watchdog timer operate using the main clock.

The watch prescaler operates using the subclock or the sub-CR clock.

While the device is operating in main CR clock mode or the main CR PLL clock mode, it can be set to transit to one of the fol-
lowing standby mode: sleep mode, stop mode, or time-base timer mode.

m Operations in Sub-CR Clock Mode (on Dual External Clock Product)

In sub-CR clock mode, main clock oscillation is stopped* and the sub-CR clock is used as the machine clock for the CPU and

peripheral functions. In this mode, the time-base timer stops as it requires the main clock for operation. The watch prescaler
operates using the sub-CR clock.

While the device is operating in sub-CR clock mode, it can be set to transit to one of the following standby mode: sleep mode,
stop mode, or watch mode.
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The main clock and the main CR clock or the main CR PLL clock are automatically disabled (SYCC2:MOSCE is set to "0"
or SYCC2:MCRE is set to "0") when the clock mode transits from main clock mode, main CR clock mode or main CR PLL
clock mode to another clock mode. If the new clock mode is subclock mode or sub-CR clock mode, writing "1" to
SYCC2:MOSCE and "1" to SYCC2:MCRE cannot enable the main clock and the main CR clock respectively.

m  Clock Mode State Transition Diagram

There are five clock modes: main clock mode, subclock mode, main CR clock mode, main CR PLL clock mode and sub-CR

clock mode. The device can switch between these modes according to the settings in the system clock control register
(SYCC).

Figure 6-9. Clock Mode State Transition Diagram
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Table 6-15. Clock Mode State Transition Table (Sheet 1 of 2)

Current State

Next State

Description

Reset state

Main CR clock

After a reset, the device waits for the main CR clock oscillation stabilization wait time to
elapse and transits to main CR clock mode. Even if that reset is a watchdog reset, soft-
ware reset or external reset caused in any clock mode, the device waits for the sub-CR
clock oscillation stabilization wait time and the main CR clock oscillation stabilization
wait time to elapse.

®)

(6)

Sub-CR clock

The device transits to sub-CR clock mode when the clock mode select bits in the system
clock control register (SYCC:SCS[2:0]) are set to "100g".

However, if the sub-CR has been stopped according to the setting of the sub-CR clock
oscillation enable bit in the system clock control register 2 (SYCC2:SCRE), the device
waits for the sub-CR clock oscillation stabilization wait time to elapse before transiting to
sub-CR clock mode. In other words, if the sub-CR clock oscillation is enabled in
advance and the sub-CR clock oscillation stabilization bit in the system clock control
register 2 (SYCC2:SCRDY) is "1g", the device transits to sub-CR clock mode immedi-

ately after the clock mode select bits (SYCC:SCS[2:0]) are set to "100g".

Main CR clock/
Main CR PLL
clock

Subclock

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
are set to "000g", the device transits to subclock mode after waiting for the subclock
oscillation stabilization wait time.

The device does not wait for the subclock oscillation stabilization wait time to elapse if
the subclock has been oscillating according to the setting of the subclock oscillation
enable bit in the system clock control register 2 (SYCC2:SOSCE). In other words, if sub-
clock oscillation is enabled in advance and the subclock oscillation stabilization bit in the
system clock control register 2 (SYCC2:SRDY) is "1", the device transits to subclock
mode immediately after the clock mode select bits (SYCC:SCS[2:0]) are set to "000g".

Main clock

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
are set to "010g", the device transits to main clock mode after waiting for the main clock

oscillation stabilization wait time.

The device does not wait for the main clock oscillation stabilization wait time to elapse if
the main clock has been oscillating according to the setting of the main clock oscillation
enable bit in the system clock control register 2 (SYCC2:MOSCE). In other words, if
main clock oscillation is enabled in advance and the main clock oscillation stabilization
bit in the system clock control register 2 (SYCC2:MRDY) is "1", the device transits to
main clock mode immediately after the clock mode select bits (SYCC:SCS[2:0]) are set
to "010g".

@)

(8)

(9)

(10)

(11)

(12)

Main clock

Main CR clock/
Main CR PLL
clock

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])

are set to "110g" or "111g", the device transits to main CR clock mode or main CR PLL

clock mode after waiting for the main CR clock oscillation stabilization wait time or the
main CR PLL clock oscillation stabilization wait time.

The device does not wait for the main CR clock oscillation stabilization wait time or the
main CR PLL clock oscillation stabilization wait time to elapse if the main CR clock has
been oscillating according to the setting of the main clock oscillation enable bit in the
system clock control register 2 (SYCC2:MCRE). For instance, if main CR clock oscilla-
tion is enabled in advance and the main CR clock oscillation stabilization bit in the sys-
tem clock control register 2 (SYCC2:MCRDY) is "1", the device transits to main CR
clock mode immediately after the clock mode select bits (SYCC:SCS[2:0]) are set to
"110g".

Sub-CR clock

Same as (1) and (2)

Subclock

Same as (3) and (4)

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A




Clock Controller

CYPRESS

Embedded in Tomorrow

Table 6-15. Clock Mode State Transition Table (Sheet 2 of 2)

Current State Next State Description

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
. are set to "110g", the device transits to main CR clock mode after waiting for the main
(13) Ml\/?gi]nCCRRCIIDOIfII_(/ CR clock oscillation stabilization wait time.
clock When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
are set to "111g", the device transits to main CR PLL clock mode after waiting for the
main CR PLL clock oscillation stabilization wait time.

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
(14) Main clock |are set to "010g", the device transits to main clock mode after waiting for the main clock

oscillation stabilization wait time.

Sub-CR clock

(15)

16) Subclock Same as (3) and (4)
Main CR clock/
17) Main CR PLL Same as (13)
clock
(18) Subclock Main clock Same as (14)
19
EZO; Sub-CR clock Same as (1) and (2)

6.10 Operations in Low-power Consumption Mode (Standby Mode)

There are four standby modes: sleep mode, stop mode, time-base timer mode and watch mode.
m Overview of Transiting to and Returning from Standby Mode

There are four standby modes: sleep mode, stop mode, time-base timer mode, and watch mode. The device transits to
standby mode according to the settings in the standby control register (STBC).

The device is released from standby mode by an interrupt or a reset. Before transiting to normal operation, the device may
wait for the oscillation stabilization wait time to elapse if necessary.

If the clock mode returns from standby mode due to a reset, the device returns to main CR clock mode. If the clock mode
returns from standby mode due to an interrupt, before transiting to standby mode, the device returns to the clock mode in
which the device was operating.

m Pin States in Standby Mode
The pin state setting bit (STBC:SPL) of the standby control register can be used to keep the preceding state of an 1/O port or

a peripheral resource pin before its transition to stop mode, time-base timer mode or watch mode, and to set an I/O port or a
peripheral resource pin to high impedance in stop mode, time-base timer mode or watch mode.

See "A.4 Pin States" for the states of all pins in standby mode.

6.10.1 Notes on Using Standby Mode

Even if the standby control register (STBC) sets standby mode, transition to standby mode does not occur when an interrupt
request has been generated from a peripheral resource. When the device returns from standby mode to the normal operating
state in response to an interrupt, the operation that follows varies depending on whether the interrupt request is accepted or
not.

m Insert at least three NOP instructions immediately after a standby mode setting instruction.
The device requires four machine clock cycles before entering standby mode after it is set in the standby control register. Dur-

ing that period, the CPU executes the program. To avoid program execution during this transition to standby mode, insert at
least three NOP instructions.

The device still operates normally even if instructions other than NOP instructions are inserted after the instruction that sets
the device to transit to standby mode. On this occasion, the following two events may occur. Firstly, an instruction that should
be executed after the standby mode is released may be executed before the device transits to standby mode. Secondly, the
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device may transit to standby mode while an instruction is being executed, and the execution of that same instruction is
resumed after the device is released from standby mode (increasing the number of instruction execution cycles).

m Check that clock mode transition has been completed before setting the standby mode.

Before setting the standby mode, ensure that clock-mode transition has been completed by comparing the values of the clock
mode monitor bits (SYCC:SCM[2:0]) and clock mode select bits (SYCC:SCS[2:0]) in the system clock control register.

m  An interrupt request may suppress the transition to standby mode.

When the standby mode is set with an interrupt request whose interrupt level is higher than "11g" having been issued, the
device ignores the value written to the standby control register and continues executing instructions without transiting to the

standby mode set. Even after the interrupt of that interrupt request is processed, the device does not transit to the standby
mode set.

The same operations are executed when interrupts are disabled by the interrupt enable flag (CCR:l) and the interrupt level
bits (CCR:IL1, ILO) of the condition code register of the CPU.
m The standby mode is also released when the CPU rejects interrupts.

When an interrupt request whose interrupt level is higher than "11g" is issued in standby mode, the device is released from

standby mode, regardless of the settings of the interrupt enable flag (CCR:l) and the interrupt level bits (CCR:IL1, ILO) of the
condition code register (CCR) of the CPU.

After being released from standby mode, the device processes interrupts if interrupts are to be accepted according to the set-
tings of the condition code register (CCR) of the CPU. If interrupts are not to be accepted according to the settings of CCR,
the device resumes instruction execution from the instruction following the one executed before the device transits to standby
mode.

m The Flash memory can still be in operation even after the device enters standby mode.

The Flash memory will be automatically disabled immediately after the device enters standby mode. To keep the Flash mem-
ory being enabled even after the device enters standby mode, set the deep standby mode control bit in the standby control
register 2 (STBC2:DSTBYX) to "0" before setting the stop bit (STP), the sleep bit (SLP) or the watch bit (TMD) in the standby
control register (STBC) to "1".

m A program must be executed from the Flash memory in deep standby mode.

When executing a program from the RAM, set the DSTBYX bit in the STBC2 register to "1" before using the STBC register to
make the device enters deep standby mode.

In the case of executing a program from the Flash memory, it is not necessary to set the DSTBYX bit to "1".
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m  Standby Mode State Transition Diagram (with Deep Standby Mode Disabled)

Figure 6-10. shows a standby mode state transition diagram (with deep standby mode disabled).

Figure 6-10. Standby Mode State Transition Diagram (with Deep Standby Mode Disabled)

CYPRESS

Embedded in Tomorrow

Power on

|

Reset state

<1>

|

Main CR clock oscillation
stabilization wait time

v

<—— Arreset occurs in any state.

) 3 Normal —(7)
Stop mode —(4)—* Main clock/main CR clock/ > (RUN) state < (8) Watch mode
main CR PLL clock/
subclock/ | 4 |
sub-CR clock oscillation
stabilization wait time (5) (1 )
L
(6)
A
: — (@]
Time-base Sleep mode
timer mode

Table 6-16. Table of State Transition with Deep Standby Mode Disabled (Transition to and from Standby Mode)

State Transition

Description

<1>

Normal operation after reset
state

After a reset, the device transits to main CR clock mode.
If the reset that has occurred is a power-on reset, a watchdog reset, a software reset,
or an external reset, the device always wait for the main CR clock oscillation stabiliza-
tion wait time and the sub-CR clock oscillation stabilization wait time to elapse.

(1)

@

Sleep mode

The device transits to sleep mode when "1" is written to the sleep bit in the standby
control register (STBC:SLP).

The device returns to the RUN state in response to an interrupt from a peripheral
resource.

(©)

4)

Stop mode

The device transits to stop mode when "1" is written to the stop bit in the standby con-
trol register (STBC:STP).

In response to an external interrupt, after waiting for the elapse of the oscillation stabili-
zation wait time required according to the current clock mode, the device returns to the
RUN state.

®)

(6)

Time-base timer mode

The device transits to time-base timer mode when "1" is written to the watch bit in the
standby control register (STBC:TMD) in main clock mode or main CR clock mode.

@)

(©)

Watch mode

The device transits to watch mode when "1" is written to the watch bit in the standby
control register (STBC:TMD) in subclock mode or sub-CR clock mode.
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m Standby Mode State Transition Diagram (with Deep Standby Mode Enabled)
Figure 6-11. shows a standby mode state transition diagram (with deep standby mode enabled).

Figure 6-11. Standby Mode State Transition Diagram (with Deep Standby Mode Enabled)
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Table 6-17. Table of State Transition with Deep Standby Mode Enabled (Transition to and from Standby Mode)

State Transition Description

After a reset, the device transits to main CR clock mode.

<1> | Normal operation after reset | If the reset that has occurred is a power-on reset, a watchdog reset, a software reset,
state or an external reset, the device always wait for the main CR clock oscillation stabiliza-
tion wait time and the sub-CR clock oscillation stabilization wait time to elapse.

) The device transits to sleep mode when "1" is written to the sleep bit in the standby
control register (STBC:SLP).

Sleep mode - - :

2) In response to an interrupt from a peripheral resource, after the Flash recovery wait
time elapses, the device returns to the RUN state.
3) The device transits to stop mode when "1" is written to the stop bit in the standby con-
trol register (STBC:STP).

Stop mode In response to an external interrupt, after the oscillation stabilization wait time required

(4) according to the current clock mode and the Flash recovery wait time elapse, the

device returns to the RUN state.

The device transits to time-base timer mode when "1" is written to the watch bit in the
) ) standby control register (STBC:TMD) in main clock mode or main CR clock mode.
Time-base timer mode

©) In response to an interrupt from a peripheral resource, after the Flash recovery wait
time elapses, the device returns to the RUN state.

The device transits to watch mode when "1" is written to the watch bit in the standby
control register (STBC:TMD) in subclock mode or sub-CR clock mode.

Watch mode - - :
®) In response to an interrupt from a peripheral resource, after the Flash recovery wait

time elapses, the device returns to the RUN state.

6.10.2  Sleep Mode

In sleep mode, the operations of the CPU and watchdog timer are stopped.
m Operations in Sleep Mode

In sleep mode, the CPU and the operating clock for the watchdog timer are stopped. The CPU retains the contents of regis-
ters and RAM existing at the point immediately before the device transits to sleep mode and stops; however, all peripheral
functions except the watchdog timer continue operating.
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In the case of hardware watchdog timer, if it is enabled in standby mode by the non-volatile register function, in sleep mode,
the sub-CR clock does not stop and the hardware watchdog timer operates. For details, see "22. Non-Volatile Register Func-
tion (NVR)".

o Transition to sleep mode

Writing "1" to the sleep bit in the standby control register (STBC:SLP) causes the device to enter sleep mode.
o Release from sleep mode

A reset or an interrupt from a peripheral function releases the device from sleep mode.

6.10.3  Stop Mode

In stop mode, the main clock, the main CR clock, the main CR PLL clock and the subclock are stopped.
m Operations in Stop Mode

In stop mode, the main clock, the main CR clock, the main CR PLL clock and the subclock are stopped. In this mode, while
retaining the contents of registers and RAM existing at the point immediately before the device transits to stop mode, the
device stops all functions except external interrupt and low-voltage detection reset.

As for hardware watchdog timer, if it is enabled in standby mode by the non-volatile register function, in stop mode, the sub-
CR clock does not stop and the hardware watchdog timer operates. For details, see "22. Non-Volatile Register Function
(NVR)".

o Transition to stop mode

Writing "1" to the stop bit in the standby control register (STBC:STP) causes the device to transit to stop mode. At that point,
if the pin state setting bit in the standby control register (STBC:SPL) is "0", the states of the external pins are kept; if the SPL
bit is "1", the states of the external pins become high impedance (a pin is pulled up if the pull-up resistor connection for that
pin is selected in the pull-up setting register).

In main clock mode, main CR clock mode or main CR PLL clock mode, while the device is waiting for main clock/main CR
clock/main CR PLL clock oscillation to stabilize after being released from stop mode by an interrupt, a time-base timer inter-
rupt request may be generated. If the interrupt interval time of the time-base timer is shorter than the main clock oscillation
stabilization wait time, it is advisable to prevent any unexpected interrupt from occurring by disabling interrupt requests output
from the time-base timer before making the device transit to stop mode

It is also advisable to disable interrupt requests output from the watch prescaler before making the device transit to stop mode
from subclock mode or sub-CR clock mode.

o Release from stop mode

The device is released from stop mode by a reset or an external interrupt. In any clock mode, if the hardware watchdog timer
is enabled in standby mode by the non-volatile register function, the sub-CR clock does not stop, and the watchdog timer and
the watch prescaler operate in stop mode. The device can also be released from stop mode by an interrupt from the watch
prescaler. For details, see "22. Non-Volatile Register Function (NVR)".

Note:

If the device is released from stop mode by an interrupt, a peripheral function having transited to stop mode during operation
resumes operating from the point at which it transited to stop mode. Therefore, some settings of that peripheral function, such
as the initial interval time of the interval timer, become undefined. Initialize that peripheral function if necessary after releasing
the device from stop mode.

6.104 Time-base Timer Mode

In time-base timer mode, only the main clock oscillator, the subclock oscillator, the time-base timer, and the watch prescaler
operate. The CPU and the operating clock for peripheral functions are stopped in this mode.

m Operations in Time-base Timer Mode
The time-base timer mode is a mode in which main clock supply is stopped except the clock supply to the time-base timer. In
this mode, while retaining the contents of registers and RAM existing at the point immediately before the device transits to

time-base timer mode, the device stops all functions except the time-base timer, external interrupt and low-voltage detection
reset.
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Subclock oscillation and sub-CR clock oscillation can be enabled or disabled by the subclock oscillation enable bit and the
sub-CR clock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE, SCRE) respectively. If the subclock
oscillates, the watch prescaler operates.

In the case of hardware watchdog timer, if it is enabled in standby mode by the non-volatile register function, in time-base
timer mode, the sub-CR clock does not stop and the hardware watchdog timer operates. For details, see "22. Non-Volatile
Register Function (NVR)".

o Transition to time-base timer mode

If the clock mode monitor bits in the system clock control register (SYCC:SCM[2:0]) are "010g", "011g", "110g" or "111g", writ-
ing "1" to the watch bit in the standby control register (STBC:TMD) causes the device to transit to time-base timer mode.

The device can transit to time-base timer mode only when the clock mode is main clock mode, main CR clock mode or main
CR PLL clock mode.

After the device transits to time-base timer mode, if the pin state setting bit in the standby control register (STBC:SPL) is "0",
the states of the external pins are kept; if the SPL bit is "1", the states of the external pins become high impedance (a pin is
pulled up if the pull-up resistor connection for that pin is selected in the pull-up setting register)

1 Release from time-base timer mode
The device is released from time-base timer mode by a reset, a time-base timer interrupt, or an external interrupt.

Subclock oscillation and sub-CR clock oscillation can be enabled or disabled by setting the subclock oscillation enable bit
(SOSCE) and the sub-CR clock oscillation enable bit (SCRE) in the system clock control register 2 (SYCC2). When the sub-
clock oscillates, the device can be released from time-base timer mode by an interrupt from the watch prescaler.

Note:

If the device is released from time-base timer mode by an interrupt, a peripheral function having transited to time-base timer
mode during operation resumes operating from the point at which it transited to time-base timer mode. Therefore, some set-
tings of that peripheral function, such as the initial interval time of the interval timer, become undefined. Initialize that periph-
eral function if necessary after releasing the device from time-base timer mode.

6.10.5 Watch Mode

In watch mode, only the subclock, the sub-CR clock and the watch prescaler operate. The CPU and the operating clock for
peripheral functions are stopped in this mode.

m Operations in Watch Mode

In watch mode, while retaining the contents of registers and RAM existing at the point immediately before the device transits
to watch mode, the device stops all functions except the watch prescaler, external interrupt and low-voltage detection reset.

In the case of hardware watchdog timer, if it is enabled in standby mode by the non-volatile register function, in watch mode,
the sub-CR clock does not stop and the hardware watchdog timer operates. For details, see "22. Non-Volatile Register Func-
tion (NVR)".

o Transition to watch mode

If the clock mode monitor bits in the system clock control register (SYCC:SCM[2:0]) are "000g" or "100g", writing "1" to the
watch bit in the standby control register (STBC:TMD) causes the device to transit to watch mode.

The device can transit to watch mode only when the clock mode is subclock mode or sub-CR clock mode.

After the device transits to watch mode, if the pin state setting bit in the standby control register (STBC:SPL) is "0", the states
of the external pins are kept; if the SPL bit is "1", the states of the external pins become high impedance (a pin is pulled up if
the pull-up resistor connection for that pin is selected in the pull-up setting register).

o Release from watch mode
The device is released from watch mode by a reset, a watch interrupt, or an external interrupt.
Note:

If the device is released from watch mode by an interrupt, a peripheral function having transited to time-base timer mode dur-
ing operation resumes operating from the point at which it transited to time-base timer mode. Therefore, some settings of that
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peripheral function, such as the initial interval time of the interval timer, become undefined. Initialize that peripheral function if

necessary after releasing the device from watch mode.

6.11 Clock Oscillator Circuit

The clock oscillator circuit generates an internal clock with an oscillator connected to the clock oscillation pin or by inputting a

clock signal to the clock oscillation pin.
m  Clock Oscillator Circuit

o Using crystal oscillators and ceramic oscillators

Connect crystal oscillators or ceramic oscillators as shown in Figure 6-12..

Figure 6-12. Sample Connection of Crystal Oscillators and Ceramic Oscillators

Embedded in Tomorrow

Dual external clock product

Main clock Subclock Main clock
oscillator circuit oscillator circuit

Single external clock product

oscillator circuit

HH Hs B

o

a Using external clock

As shown in Figure 6-13., connect the external clock to the X0 pin while leaving the X1 pin unconnected or supplying inverted
clock of the X0 pin to the X1 pin (refer to the data sheet of this series). To supply clock signals to the subclock from an exter-

nal clock, connect that external clock to the X0A pin while leaving the X1A pin unconnected.

Figure 6-13. Sample Connection of External Clocks

Dual external clock product (X1 open)

Dual external clock product

Single external clock product

Main clock Subclock Main clock Subclock Main clock
oscillator circuit oscillator circuit oscillator circuit oscillator circuit oscillator circuit
X0 X1  XO0A X1A X0 X1  XO0A X1A X0 X1

Open Open ) [: Open Open

6.12 Overview of Prescaler

The prescaler generates the count clock source to be supplied to various peripheral functions from the machine clock (MCLK)

and the count clock output from the time-base timer.

m Prescaler
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The prescaler generates the count clock source to be supplied to various peripheral functions from the machine clock (MCLK)
with which the CPU operates and from the count clock (Fcp/2’, FCH/ZS, FCRH/Z6 or Forp/2”) output from the time-base timer.

The count clock source is a clock whose frequency is divided by the prescaler or a buffered clock. The peripheral functions
listed below use the clock whose frequency is divided by the prescaler as the count clock source.

The prescaler has no control register and always operates with the machine clock (MCLK) and the count clock (FCH/27, Fen/

28, Fori/2® or Fory/2”) of the time-base timer.

o 8/16-bit composite timer
o 8/10-bit A/D converter

6.13 Configuration of Prescaler

Figure 6-14. is the block diagram of the prescaler.

m Block Diagram of Prescaler

Figure 6-14. Block Diagram of Prescaler

MCLK (machine clock)

From Fen/2” Forn/2°
time-base or
timer Fen/2® Fern/27

5-bit
counter

Prescaler

Counter value|

Output
control circuit

P MCLK/2

P MCLK/4

P» MCLK/8

P MCLK/16
P MCLK/32

P Fcr/2” or Fern/2°

MCLK: Machine clock (internal operating frequency)

P Fcr/2® or Fern/2”

Count
clock
source

to
different
peripheral
functions

o 5-bit counter

This counter counts the machine clock (MCLK) and outputs the count value to the output control circuit.

o Output control circuit

Based on the 5-bit counter value, this circuit supplies clocks generated by dividing the machine clock (MCLK) by 2, 4, 8, 16,
or 32 to individual peripheral functions. The circuit also buffers the clock from the time-base timer (Foy/2”, Fop/28, Foru/28 or

FCRH/27) and supplies it to peripheral functions.

m Input Clock

The prescaler uses the machine clock, or the output clock of the time-base timer as the input clock.

m Output Clock

The prescaler supplies clocks to the 8/16-bit composite timer and the 8/10-bit A/D converter.

6.14 Operation of Prescaler

The prescaler generates count clock sources to different peripheral functions.

m Operation of Prescaler
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The prescaler generates count clock sources from a clock whose frequency is generated by dividing the machine
clock (MCLK), or from buffered signals from the time-base timer (F /27, FCH/28, FCRH/Z6 or Ferp/2'), and then supplies them

to different peripheral functions. The prescaler keeps operating while the machine clock and the clocks from the time-base
timer are being supplied.

Table 6-18. and Table 6-19. list the count clock sources generated by the prescaler.

Table 6-18. Count Clock Sources Generated by Prescaler (Fcy)

Frequency Frequency Frequency
Count clock Fen =20 MH Fen = 32 MH Fen = 32.5 MH
source frequency (Fcu = z, (Fcu = Z, (Fcy = 32. Z,
MCLK =10 MHz) MCLK =16 MHz) | MCLK = 16.25 MHz)
MCLK/2 5 MHz 8 MHz 8.125 MHz
MCLK/4 2.5 MHz 4 MHz 4.0625 MHz
MCLK/8 1.25 MHz 2 MHz 2.0313 MHz
MCLK/16 0.625 MHz 1 MHz 1.0156 MHz
MCLK/32 0.3125 MHz 0.5 MHz 0.5078 MHz
Fonl2” 156.25 kHz 250 kHz 253.9 kHz
Fonl2® 78.125 kHz 125 kHz 126.95 kHz
Table 6-19. Count Clock Sources Generated by Prescaler (Fcrp)
Frequency Frequency Frequency Frequency
Count clock _ _ _ _
source frequency (Fcru = 4 MHz, (Fcru = 8 MHz, (Fcru = 10 MHz, (Fcru = 12.5 MHz,
MCLK= 4 MHz) MCLK = 8 MHz) MCLK =10 MHz) | MCLK = 12.5 MHz)
MCLK/2 2 MHz 4 MHz 5 MHz 6.25 MHz
MCLK/4 1 MHz 2 MHz 2.5 MHz 3.125 MHz
MCLK/8 500 kHz 1 MHz 1.25 MHz 1.5625 MHz
MCLK/16 250 kHz 0.5 MHz 0.625 MHz 0.78125 MHz
MCLK/32 125 kHz 0.25 MHz 0.3125 MHz 0.390625 MHz
FCRH/Z6 62.5 kHz 125 kHz 156.25 kHz 195.3125 kHz
FCRH/27 31.25 kHz 62.5 kHz 78.125 kHz 97.65625 kHz
6.15 Notes on Using Prescaler

This section provides notes on using the prescaler.

The prescaler operates with the machine clock and the clock generated from the time-base timer, and keeps operating while
those clocks are being supplied. Therefore, in the operation immediately after a peripheral resource is started, an error of up
to one cycle of the clock source captured by that peripheral resource will occur, depending on the output value of the pres-

caler.
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Figure 6-15. Clock Capture Error Occurring Immediately after a Peripheral Function Starts

Prescaler output

Start of peripheral function

] [ ]

Clock captured by
peripheral function

—»
[} [}

| I
Clock capture error
immediately after
a peripheral function starts

The prescaler count value affects the following peripheral functions:
o 8/16-bit composite timer
a  8/10-bit A/D converter
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This section describes the reset operation.
7.1Reset Operation

7.2Reset Source Register (RSRR)
7.3Notes on Using Reset

71 Reset Operation

When a reset source occurs, the CPU immediately stops the process being executed and enters the reset release wait state.
When the reset is released, the CPU reads mode data and the reset vector from the Flash memory (mode fetch). When the
power is switched on or when the device is released from a reset in subclock mode, sub-CR clock mode, or stop mode, the
CPU performs mode fetch after the oscillation stabilization wait time has elapsed.

m Reset Sources

There are five reset sources for the reset.

Table 7-1. Reset Sources

Reset source Reset condition
External reset "L" level is input to the external reset pin
Software reset "1" is written to the software reset bit (STBC:SRST) in the standby control register.
Watchdog reset The watchdog timer overflows.
Power-on reset The power is switched on.
Low-voltage detection reset (optional) The supply voltage falls below the detection voltage.

a External reset
An external reset is generated if "L" level is input to the external reset pin (RST).

An external input reset signal is received asynchronously with the operating clock of the microcontroller via the internal noise
filter and then generates an internal reset signal that is synchronized with the machine clock to initialize the internal circuit.
Therefore, the operating clock of the microcontroller is necessary for initializing the internal circuit. In order to operate with the
external clock, external clock signals must be input. However, the external pins (including I/O ports and peripheral functions)
are reset asynchronously. In addition, there is a standard value of the pulse width for external reset input. If the value is below
the standard value, a reset signal may not be accepted.

The standard value is shown in the data sheet of this series. Design an external reset circuit that satisfies the standard value.

o Software reset

Writing "1" to the software reset bit of the standby control register (STBC:SRST) generates a software reset.
o Watchdog reset

After the watchdog timer starts, a watchdog reset is generated if the watchdog timer is not cleared within a predetermined
period of time.

93 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



=
CYPRESS Reset

Embedded in Tomorrow™

o Power-on reset

A power-on reset is generated when the power is switched on.
o Low-voltage detection reset (optional)

The low-voltage detection reset circuit is only available on MB95F562K/F563K/F564K/F572K/F573K/F574K/F582K/F583K/
F584K.

The low-voltage detection reset circuit generates a reset if the power supply voltage falls below a predetermined level.

The logical function of the low-voltage detection reset is equivalent to that of the power-on reset. All information relating to the
power-on reset of this hardware manual also applies to the low-voltage detection reset.

However, the LVD reset voltage selection ID register (LVDR) of the low-voltage detection reset circuit is not reset by the low-
voltage detection reset.

For details of the low-voltage detection reset, see "18. Low-Voltage Detection Reset Circuit".
m Reset Time

In the case of a software reset or a watchdog reset, the reset time consists of three machine clock cycles: one machine clock
cycle at the machine clock frequency selected before the reset, and two machine clock cycles at the initial machine clock fre-
quency after the reset (1/32 of the main clock frequency). However, the reset time may be extended by the RAM access pro-
tection function, which suppresses resets during RAM access, by the machine clock cycle of the frequency selected before
the reset. In addition, when in main clock oscillation stabilization standby mode, the reset time is further extended for the
oscillation stabilization wait time. Both the external reset and the reset are affected by the RAM access protection function
and the main clock oscillation stabilization wait time.

In the case of a power-on reset and a low-voltage detection reset, the reset state continues during the oscillation stabilization
wait time.

m Reset Output

When the reset input function is effective and the reset output function is effective, the RST pin outputs "L" level while reset-
ting it. However, the function to output "L" level is not provided for external reset in the reset pin.

For details of the reset input function and the reset output function setting, see "23. Clock & Reset System Configuration
Controller".
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m Overview of Reset Operation

Figure 7-1. Reset Operation Flow

A Power-on reset/

Software reset External reset input low-voltage delection

Watchdog reset + reset

+ Supress resets
Suppress resets during RAM access
. during RAM access
During reset
— Sub-CR clock is ready?
YES
Sub-CR clock is ready?
YES
Y
Sub-CR clock Sub-CR clock
oscillation stabilization| oscillation stabilization|
wait time reset state wait time reset state
Sub-CR clock
oscillation stabilization| >
wait time reset state

Released from
external reset?

YES [«

Main CR clock oscillation
stabilization wait time

Mode fetch

Y
[ Capture mode data |

[ Capture reset vector |

Capture instruction code from the
address indicated by the reset
vector and execute the instruction.

Normal operation
(Run state)

In any reset, the CPU performs mode fetch after the main CR clock oscillation stabilization wait time elapses.

m Effect of Reset on RAM Contents

When a reset occurs, the CPU halts the operation of the command currently being executed, and enters the reset state. How-
ever, during RAM access execution, in order to protect the RAM access, an internal reset signal synchronized with the

machine clock is generated after an RAM access ends. This function prevents a word-data write operation from being inter-
rupted by a reset while data of two bytes is being written.
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m Pin State During a Reset

Reset

When a reset occurs, an I/O port or a peripheral resource pin remains high impedance until the setting of that I/O port or that
peripheral resource pin by software is executed after the reset is released.

Note:

Connect a pull-up resistor to a pin that becomes high impedance during a reset to prevent the device from malfunctioning.

For details of the states of all pins during a reset, see "A.4 Pin States".

7.2

Reset Source Register (RSRR)

The reset source register (RSRR) indicates the source of a reset generated.
m Reset Source Register (RSRR)

Figure 7-2. Reset Source Register (RSRR)

Address
0009+

bit7

bit6

bit5

bit4 bit3 bit2

bit1

bit0 Initial value

- | Exts [WDTR|[PONR | HWR | SWR |

000XXXXXs

RO/WX RO/WX RO/WX RW R,W RW RW RW
L Software reset flag bit
SWR Read Write
0 - A write access to this bit
1 Source is software reset | sets it to “0”.
_ Hardware reset flag bit
| HWR Read Write
0 - A write access to this bit
1 Source is hardware reset | sets it to “0”.
+| PONR Power-on reset flag bit
- Read Write
0 - A write access to this bit
1 Source is power-on reset | sets it to “0”.
_ Watchdog reset flag bit
> WDTR Read Write
0 - A write access to this bit
1 Source is watchdog reset | sets it to “0”.
_ External reset flag bit
> BXTS Read Write
0 - A write access to this bit

R,wW
RO/WX

Source is external reset

sets it to “0”.

: Readable/writable (The read value is different from the write value.)

: The read value is “0”. Writing a value to this bit has no effect on operation.
: Undefined bit
: Indeterminate
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Table 7-2. Functions of Bits in Reset Source Register (RSRR)

Bit name Function

E:g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
When this bit is set to "1", that indicates an external reset has occurred.

bitd EXTS: When any other reset occurs, this bit retains the value that has existed before such reset

External reset flag bit occurs.

A read access or a write access (writing 0 or 1) to this bit clears it to "0".
When this bit is set to "1", that indicates a watchdog reset has occurred.

bit3 WDTR: When any other reset occurs, this bit retains the value that has existed before such reset

Watchdog reset flag bit | Occurs.
oA read access or a write access (writing 0 or 1) to this bit clears it to "0".

When this bit is set to "1", that indicates a power-on reset or a low-voltage detection reset
(optional) has occurred.
. When any other reset occurs, this bit retains the value that has existed before such reset
bit2 :;)ONR' flaq bi occurs.
ower-on reset flag bit | 1, low-voltage detection reset function is only available on MB95F562K/F563K/F564K/
F572K/F573K/F574K/F582K/F583K/F584K.
A read access or a write access (writing 0 or 1) to this bit clears it to "0".

When this bit is set to "1", that indicates a reset other than software reset has occurred.
HWR: Therefore, when any of bit2 to bit4 is set to "1", this bit is set to "1" as well.

bit1 . | When a software reset occurs, the bit retains the value that has existed before the software
Hardware reset flag bit | reset occurs.

IRead or write access (0 or 1) to this bit sets it to "0".

When this bit is set to "1", that indicates a software reset has occurred.

SWR: When a hardware reset (external reset, watchdog reset, power-on reset, low-voltage detec-
bit0 : tion reset) occurs, the bit retains the value that has existed before the hardware reset occurs.

Software reset flag bit 0A read access or a write access (writing 0 or 1) to this bit or a power-on reset
clears it to "0".

Note:

Since reading the reset source register clears its contents, save the contents of this register to the RAM before using those
contents for calculation.
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m State of Reset Source Register (RSRR)

Table 7-3. State of Reset Source Register

Reset source

EXTS

WDTR

PONR

HWR

SWR

Power-on reset

N

Low-voltage detection reset (optional)

N

Software reset

Watchdog reset

External reset

>1>| D>

1: Flag set
A: Previous state kept
X: Indeterminate

EXTS: When this bit is set to "1", that indicates an external reset has occurred.

WDTR: When this bit is set to "1", that indicates a watchdog reset has occurred.

Reset

PONR: When this bit is set to "1", that indicates a power-on reset or low-voltage detection reset (optional) has occurred.

HWR: When this bit is set to "1", that indicates one of the following reset has occurred: an external reset, a watchdog reset,

a power-on reset or a low-voltage detection reset (optional).

SWR: When this bit is set to "1", that indicates that a software reset has occurred.

7.3 Notes on Using Reset

This section provides notes on using the reset.

m Notes on Using Reset

o Initialization of registers and bits by reset source

There are registers and bits that are not initialized by a reset source.

a0 The type of reset source determines which bit in the reset source register (RSRR) is to be initialized.
o The oscillation stabilization wait time setting register (WATR) of the clock controller can only be initialized by a power-

on reset.
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This chapter describes the interrupts.
8.1 Interrupts

8.1 Interrupts
This section describes the interrupts.
m  Overview of Interrupts

The New 8FX family has 24 interrupt request inputs for respective peripheral functions, for each of which an interrupt level
can be set independently to each other.

When a peripheral resource generates an interrupt request, the interrupt request is output to the interrupt controller. The inter-
rupt controller checks the interrupt level of that interrupt request and then notifies the CPU of the generation of the interrupt.
The CPU processes that interrupt according to the interrupt acceptance status. The device is released from standby mode by
an interrupt request and resumes executing instructions.

m Interrupt Requests from Peripheral Functions

Table 8-1. lists the interrupt requests of respective peripheral functions. When the CPU receives an interrupt request, it
branches to the interrupt service routine with the interrupt vector table address corresponding to the interrupt request as the
address of the branch destination.

The priority of each interrupt request in interrupt processing can be set to one of the four levels by the interrupt level setting
registers (ILRO to ILR5).

While an interrupt is being processed in the interrupt service routine, if another interrupt whose interrupt request is of the
same level or below the one of the interrupt being processed is generated, it is processed after the current interrupt service
routine is completed. In addition, if multiple interrupt requests that are set to the same interrupt level are made, IRQOO is at
the top of the priority order.
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Table 8-1. Interrupt Requests and Interrupt Vectors

Vector table address Priority order of interrupt
Interrupt request Bit name_in intel:rupt requests of the same level
Upper Lower level setting register (generated
simultaneously)

IRQO0 FFFA FFFBy L0O [1:0] Highest
IRQO1 FFF8y FFF9y LO1 [1:0] A

IRQ02 FFF6y FFF74 L02 [1:0]

IRQO3 FFF4y FFF5y LO3 [1:0]

IRQ04 FFF2y FFF3H LO4 [1:0]

IRQO5 FFFOH FFF1, L05 [1:0]

IRQO6 FFEERQ FFEFH LO6 [1:0]

IRQO7 FFECH FFEDy LO7 [1:0]

IRQO8 FFEAy FFEBy LO8 [1:0]

IRQ09 FFE8H FFE9Y LO9 [1:0]

IRQ10 FFEGH FFE7H L10 [1:0]

IRQ11 FFE4y FFESH L11[1:0]

IRQ12 FFE2y FFE3H L12 [1:0]

IRQ13 FFEOH FFE1H L13 [1:0]

IRQ14 FFDE FFDFy L14 [1:0]

IRQ15 FFDCy FFDDy L15[1:0]

IRQ16 FFDAy FFDBy L16 [1:0]

IRQ17 FFD8y FFD9y L17 [1:0]

IRQ18 FFD6y FFD7y L18 [1:0]

IRQ19 FFD4y FFD5, L19 [1:0]

IRQ20 FFD2y FFD3y L20 [1:0]

IRQ21 FFDOy FFD1y L21 [1:0]

IRQ22 FFCEH FFCFy L22 [1:0] v

IRQ23 FFCCh FFCDy L23 [1:0] Lowest

For interrupt sources, see "A.2 Table of Interrupt Sources".

8.1.1 Interrupt Level Setting Registers (ILRO to ILR5)

The interrupt level setting registers (ILRO to ILR5) contain 24 pairs of 2-bit data assigned to the interrupt requests of different
peripheral functions. Each pair of bits (interrupt level setting bits) is used to set the interrupt level of an interrupt request.
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m  Configuration of Interrupt Level Setting Registers (ILRO to ILR5)

Figure 8-1. Configuration of Interrupt Level Setting Registers

Register Address  bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
ILRO  00079n | LO3[1:0] | LO2[1:0] [ Lo1[1:0] | LOO[:0] | RW 111111118
ILR1 0007AH | LO7[1:0] | Lo6[1:0] | Los[1:0] | LO4[1:0] | RW 111111118
ILR2  0007BH | L11[1:0] | L10[1:0] | Lo9[1:0] | LO8[1:0] | RW 111111118
ILR3  0007CH | L15[1:0] | L14[1:0] [ L13[1:0] | L12[1:0] | RW 111111118
ILR4  0007DH | L19[1:0] | L18[1:0] | L17[1:0] | L16[1:0] | RW 111111118
ILR5  0007En | L23[1:0] | L22(1:0] | L21[1:0] | L20[1:0] | RW 111111118

The interrupt level setting registers assign a pair of bits to every interrupt request. The values of interrupt level setting bits in
these registers represent the priority of an interrupt request (interrupt level: 0 to 3) in interrupt processing.

The interrupt level setting bits are compared with the interrupt level bits in the condition code register (CCR:IL1, ILO).
If the interrupt level of an interrupt request is 3, the CPU ignores that interrupt request.

Table 8-2. shows the relationships between interrupt level setting bits and interrupt levels.

Table 8-2. Relationships Between Interrupt Level Setting Bits and Interrupt Levels

LXX[1:0] Interrupt level Priority
00 0 Highest
01 1
10 2 #
11 3 Lowest (No interrupt)

XX:00 to 23 Number of an interrupt request
While the main program is being executed, the interrupt level bits in the condition code register (CCR:IL1, ILO) are "11g".

8.1.2 Interrupt Processing

When an interrupt request is made by a peripheral resource, the interrupt controller notifies the CPU of the interrupt level of
that interrupt request. When the CPU is ready to accept interrupts, it halts the program it is executing and executes an inter-
rupt service routine.

m Interrupt Processing

The procedure for processing an interrupt is as follows: the generation of an interrupt source in a peripheral resource, the execu-
tion of the main program, the setting of the interrupt request flag bit, the evaluation of the interrupt request enable bit, the evalua-
tion of the interrupt level (ILRO to ILR5 and CCR:IL1, ILQ), the checking for interrupt requests of the same interrupt level made
simultaneously, and the evaluation of the interrupt enable flag (CCR:l).

Figure 8-2. shows the interrupt processing.
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Figure 8-2. Interrupt Processing
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(1) All interrupt requests are disabled immediately after a reset. In the peripheral resource initialization program, initialize
those peripheral functions that generate interrupts and set their interrupt levels in their respective interrupt level setting
registers (ILRO to ILR5) before starting operating such peripheral functions. The interrupt level can be setto 0, 1, 2, or 3.
Level O is given the highest priority, and level 1 the second highest. Assigning level 3 to a peripheral resource disables
interrupts from that peripheral resource.

(2) Execute the main program (or the interrupt service routine in the case of nested interrupts).

(3) When an interrupt source is generated in a peripheral resource, the interrupt request flag bit for that peripheral resource is
set to "1". Provided that the interrupt request enable bit for that peripheral resource has been set to the value that enables
interrupts, an interrupt request of that peripheral resource is output to the interrupt controller.

(4) The interrupt controller keeps monitoring interrupt requests from individual peripheral functions and notifies the CPU of the
interrupt level having priority over the others among interrupt levels already made. If there are interrupt requests having
the same interrupt level, their positions in the priority order are also compared in the interrupt controller.

(5) If the interrupt level received has priority over (smaller interrupt level number) the level set in the interrupt level bits
(CCR:IL1, ILO) in the condition code register, the CPU checks the content of the interrupt enable flag (CCR:l), and accepts
the interrupt provided that interrupts have been enabled (CCR:I = 1).

(6) The CPU saves the contents of the program counter (PC) and the program status (PS) to the stack, captures the start
address of the interrupt service routine from the corresponding interrupt vector table address, modifies the values of the
interrupt level bits in the condition code register (CCR:IL1, ILO) to the values of the interrupt level received, then starts
executing the interrupt service routine.

(7) Finally, the CPU uses the RETI instruction to restore the values of the program counter (PC) and the program status (PS)
from the stack and resumes executing the instruction following the one executed just before the interrupt.

Note:

The interrupt request flag bit for a peripheral resource is not automatically cleared to "0" after an interrupt request is accepted.
Therefore, such bit must be cleared to "0" by using a program (writing "0" to the interrupt request flag bit) in the interrupt ser-
vice routine.

The low-power consumption (standby mode) is released by an interrupt. For details, see "6.10 Operations in Low-power Con-
sumption Mode (Standby Mode)".

8.1.3 Nested Interrupts

Different interrupt levels can be assigned to multiple interrupt requests from peripheral functions in the interrupt level setting
registers (ILRO to ILR5) to process nested interrupts.

m Nested Interrupts

During the execution of an interrupt service routine, if another interrupt request whose interrupt level has priority over the
interrupt level of the interrupt being processed is made, the CPU suspends the current interrupt processing and accepts the

interrupt request given priority. The interrupt level of an interrupt request can be set to 0 to 3. If it is set to 3, the CPU does not
accept that interrupt request.

[Example: Nested interrupts]

In the following example of nested interrupts, assuming that the external interrupt is to be given priority over the timer inter-
rupt, the interrupt level of the timer interrupt is set to 2 and that of the external interrupt to 1. If the external interrupt is gener-
ated while the timer interrupt is being processed, they are processed as shown in Figure 8-3..
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Figure 8-3. Example of Nested Interrupts
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(6) Process timer interrupt
I

(7) Return from timer interrupt
|

o While the timer interrupt is being processed, the interrupt level bits in the condition code register (CCR: IL1, ILO) hold
the same value as that of the interrupt level setting registers (ILRO to ILR5) corresponding to the timer interrupt (level
2 in this example). If an interrupt request whose interrupt level has priority over the interrupt level of the timer interrupt
(level 1 in the example) is made, that interrupt is processed first.

o To temporarily disable nested interrupts processing while the timer interrupt is being processed, disable interrupts by
setting the interrupt enable flag in the condition code register (CCR:l) to "0", or set the interrupt level bits (CCR:IL1,
ILO) to "00g".

o After the interrupt processing is completed, if the interrupt return instruction (RETI) is executed, the value of the pro-
gram counter (PC) and that of the program status (PS) are restored, and the CPU resumes executing the program
interrupted. In addition, the values of the condition code register (CCR) return to the ones existing before the interrupt
due to the restoration of the value of the program status (PS).

8.14 Interrupt Processing Time

Before the CPU enters the interrupt service routine after an interrupt request is made, it needs to wait for the interrupt pro-
cessing time, which consists of the time between the occurrence of an interrupt request and the end of the execution of the
instruction being executed, and the interrupt handling time (the time required to initiate interrupt processing) to elapse. The
maximum interrupt processing time is 26 machine clock cycles.

m Interrupt Processing Time
Before executing the interrupt service routine after an interrupt request is made, the CPU needs to wait for the interrupt
request sampling wait time and the interrupt handling time to elapse.

0 Interrupt request sampling wait time
The CPU decides whether an interrupt request has occurred by sampling the interrupt request during the last cycle of an
instruction. Therefore, the CPU cannot recognize interrupt requests while executing an instruction. This sampling wait time

reaches its maximum when an interrupt request occurs immediately after the CPU starts executing the DIVU instruction,
whose execution cycle is the longest (17 machine clock cycles).

a Interrupt handling time

After accepting an interrupt, the CPU requires nine machine clock cycles to perform the following interrupt processing setup:
o Saves the value of the program counter (PC) and that of the program status (PS) to the stack.
a1 Sets the PC to the start address (interrupt vector) of interrupt service routine.
o Updates the interrupt level bits (PS:CCR:IL1, ILO) in the program status (PS).
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Figure 8-4. Interrupt Processing Time
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CPU operation < o) e __
<+ <+
o Interrupt request Interrupt handling time
Interrupt wait time sampling wait time | (9 machine clock cycles)
A

Interrupt request generated
<@ : Last instruction cycle in which the interrupt request is sampled

When an interrupt request occurs immediately after the CPU starts executing the DIVU instruction, whose execution cycle is
the longest (17 machine clock cycles), the interrupt processing time spans 26 machine clock cycles.

The span of a machine clock cycle varies depending on the clock mode and main clock speed change (gear function). For
details, see "6. Clock Controller".
8.1.5 Stack Operation During Interrupt Processing

This section describes how the contents of a register are saved and restored during interrupt processing.
m Stack Operation at the Start of Interrupt Processing

Once the CPU accepts an interrupt, it automatically saves the current value of the program counter (PC) and that of the pro-
gram status (PS) values to the stack.

Figure 8-5. shows the stack operation at the start of interrupt processing.

Figure 8-5. Stack Operation at Start of Interrupt Processing

|Immediately before interrupt| | Immediately after interrupt |
Address Memory Address Memory
027CH | XXH SP | 027CH 027CH| 08H
PS| 08704 027DH | XXH 0270n| 700 70
pc| EoooH 027EH | XXH PS 027En| EOn [l
027FH | XXH pc [ Eooon 027FH| OOH
SP| 0280H 0280H | XXH 0280H | XXH
0281H | XXH 0281H | XXH

m  Stack Operation after Returning from Interrupt

When the CPU executes the interrupt return instruction (RETI) at the end of interrupt processing, it restores from the stack the
value of the program status (PS) first and that of the program counter (PC), which is opposite to the sequence of saving the
two values to the stack. After the restoration, both PS and PC return to their states prior to the start of interrupt processing.

Note:

Since the value of the accumulator (A) and that of the temporary accumulator (T) are not automatically saved to the stack,
use the PUSHW and POPW instructions to save and restore the values of A and T.
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8.1.6 Interrupt Processing Stack Area

The stack area in RAM is used for interrupt processing. The stack pointer (SP) contains the start address of the stack area.
m Interrupt Processing Stack Area
The stack area is also used for saving and restoring the program counter (PC) when the subroutine call instruction (CALL) or

the vector call instruction (CALLV) is executed, and for saving temporarily and restoring register contents by the PUSHW and
POPW instructions.

0 The stack area is secured on the RAM together with the data area.

a Initialize the stack pointer (SP) so that it indicates the biggest RAM address and make the data area start from the
smallest RAM address.

Figure 8-6. shows an example of setting the interrupt processing stack area.

Figure 8-6. Example of Setting Interrupt Processing Stack Area

0000H
I/0
Q 0080H
Data area : RAM
0100x General-i
purpose |
register |
: 0200+ (™" "77" '
y Stack area _ Recommended SP value
0280H " (when the biggest RAM address is 0280w)
Access
prohibited
Flash
memory
FFFFH

Note:

The stack area is utilized by interrupts, sub-routine calls, the PUSHW instruction, etc. in descending of addresses. It is
released by return instructions (RETI, RET), the POPW instruction, etc. in ascending order of addresses. If the address value
of the stack area used decreases due to nested interrupts or subroutine calls, do not let the stack area overlap the data area
and the general-register area, both of which retain other data.
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This chapter describes the functions and operations of the I/O ports.
9.10verview of I/O Ports

9.2Port 0

9.3Port 1

9.4Port 6

9.5Port F

9.6Port G

9.1 Overview of I/0 Ports
1/0 ports are used to control general-purpose 1/O pins.
m Overview of I/O Ports

The 1/O port has functions to output data from the CPU and capture input signals into the CPU with the port data register (PDR).
The I/O direction of an individual I/O pin can be set as desired by using the corresponding to that I/O pin in the port direction reg-
ister (DDR).

Table 9-1. lists the registers for each port.

Table 9-1. List of Port Registers (MB95560H Series)

Register name Read/Write Initial value
Port 0 data register PDRO R, RM/W 00000000g
Port 0 direction register DDRO R/W 00000000g
Port 1 data register PDR1 R, RM/W 00000000g
Port 1 direction register DDR1 R/wW 000000005
Port 6 data register PDR6 R, RM/W 00000000g
Port 6 direction register DDR6 R/wW 000000005
Port F data register PDRF R, RM/W 00000000g
Port F direction register DDRF R/wW 00000000g
Port G data register PDRG R, RM/W 00000000g
Port G direction register DDRG R/wW 00000000g
Port 0 pull-up register PULO R/W 00000000g
Port 6 pull-up register PULG6 R/W 000000005
Port G pull-up register PULG R/W 00000000g
A/D input disable register (lower) AIDRL R/W 00000000g

R/W:Readable/writable (The read value is the same as the write value.)
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R, RM/W:Readable/writable (The read value is different from the write value. The write value is read by the read-modify-write (RMW)

type of instruction.)

Table 9-2. List of Port Registers (MB95570H Series)

Register name Read/Write Initial value
Port 0 data register PDRO R, RM/W 00000000g
Port O direction register DDRO R/W 00000000g
Port 1 data register PDR1 R, RM/W 00000000g
Port 1 direction register DDR1 R/wW 00000000g
Port F data register PDRF R, RM/W 00000000g
Port F direction register DDRF R/wW 00000000g
Port 0 pull-up register PULO R/W 00000000g
A/D input disable register (lower) AIDRL R/W 00000000g

R/W:Readable/writable (The read value is the same as the write value.)

R, RM/W:Readable/writable (The read value is different from the write value. The write value is read by the read-modify-write (RMW)

type of instruction.)

Table 9-3. List of Port Registers (MB95580H Series)

Register name Read/Write Initial value
Port 0 data register PDRO R, RM/W 00000000g
Port O direction register DDRO R/wW 00000000g
Port 1 data register PDR1 R, RM/W 00000000g
Port 1 direction register DDR1 R/W 00000000g
Port F data register PDRF R, RM/W 00000000g
Port F direction register DDRF R/W 00000000g
Port G data register PDRG R, RM/W 00000000g
Port G direction register DDRG R/W 00000000g
Port O pull-up register PULO R/W 00000000g
Port G pull-up register PULG R/W 00000000g
A/D input disable register (lower) AIDRL R/W 00000000g

R/W:Readable/writable (The read value is the same as the write value.)

R, RM/W:Readable/writable (The read value is different from the write value. The write value is read by the read-modify-write (RMW)

type of instruction.)

9.2 Port 0

Port 0 is a general-purpose 1/O port.

This section focuses on its functions as a general-purpose 1/O port.
For details of peripheral functions, see their respective chapters.

m Port 0 Configuration

Port 0 is made up of the following elements.

o General-purpose I/O pins/peripheral function 1/O pins
a  Port 0 data register (PDRO)
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o Port 0 direction register (DDRO0)

o Port 0 pull-up register (PULQ)

a A/D input disable register lower (AIDRL)
m Port 0 Pins

In the MB95560H Series, port 0 has eight I/O pins.

In the MB95570H Series, port 0 has three I/O pins.

In the MB95580H Series, port 0 has seven I/O pins.
Table 9-4., Table 9-5. and Table 9-6. list the port 0 pins.

Table 9-4. Port 0 Pins (MB95560H Series)

— ¢ CYPRESS

Embedded in Tomorrow

. . . . /O type
Pin name Function Shared peripheral function
Input Output | OD | PU
POO/ANOO  |P0O: General-purpose /O |AN0O: Analog input :xz:(‘j;es's’ cMos |- |m
PO1/ANO1 PO1: General-purpose /0 |ANO1: Analog input Z’:Zfs;es's’ cMos |- |m
INTO2: External interrupt input
PO2/INTO2/ ) - - Hysteresis/
P02: General-purpose 1/0 ANO2: Analog input CMOS |- m
ANO02/SCK Analog
SCK: LIN-UART clock 1/0
INTO3: External interrupt input
PO3/INTO3/ ) - . Hysteresis/
P03: General-purpose 1/0 ANO3: Analog input CMOS |- m
ANO3/SOT Analog
SOT: LIN-UART data output
INTO4: External interrupt input
P04/INTO4/ ANO4: Analog input
. Hysteresis/
ANO4/SIN/ P04: General-purpose 1/0 SIN: LIN-UART data input Analog CMOS |- m
ECO ECO: 8/16-bit composite timer ch. 0
clock input
INTO5: External interrupt input
PO5/INTO5/ : i i
PO05: General-purpose 1/O ANOS: Analog input :ys:ere&s/ CMOS |- m
ANO05/TO00 TOO00: 8/16-bit composite timer ch. 0 nalog
output
POG/INTO6/ INTO6: External interrupt input
T001 P06: General-purpose 1/0 TOO01: 8/16-bit composite timer ch. 0 Hysteresis CMOS |- m
output
PO7/INTO7 P07: General-purpose 1/0O INTO7: External interrupt input Hysteresis CMOS |- m

OD: Open drain, PU: Pull-up
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Table 9-5. Port 0 Pins (MB95570H Series)

. . . . /O type
Pin name Function Shared peripheral function
Input Output | OD | PU
INTO4: External interrupt input
P04/INTO4/ . : .
P04: General-purpose /0 ANO4: Analog input I';Iystleress/ CMOS |- m
ANO4/ECO ECO: 8/16-bit composite timer ch. 0 nalog
clock input
ANO5: Analog input
POS/ANOS/ - — Hysteresis/
P05: General-purpose I/0 | TO0O: 8/16-bit composite timer ch. 0 CMOS - m
TOO00 Analog
output
P0G/INTOG/ INTO6: External interrupt input .
1001 P06: General-purpose I/0 TOO01: 8/16-bit composite timer ch. 0 Hysteresis CMOS |- m
output
OD: Open drain, PU: Pull-up
Table 9-6. Port 0 Pins (MB95580H Series)
. . . . /O type
Pin name Function Shared peripheral function
Input Output | OD | PU
PO1/ANO1 PO1: General-purpose /O |ANO1: Analog input :ﬁ:ﬁg’“y cMos |- |m
INTO2: External interrupt input
PO2/INT02/ ) - - Hysteresis/
P02: General-purpose /0 ANO2: Analog input CMOS |- m
AN02/SCK Analog
SCK: LIN-UART clock /O
INTO3: External interrupt input
PO3/INTO3/ ) - - Hysteresis/
P03: General-purpose /0 ANO3: Analog input CMOS |- m
ANO03/SOT Analog
SOT: LIN-UART data output
INTO4: External interrupt input
P04/INTO4/ ANO04: Analog input ]
. Hysteresis/
ANO04/SIN/  |P04: General-purpose I/0 SIN: LIN-UART data input Analog CMOs |- m
ECO ECO: 8/16-bit composite timer ch. 0
clock input
INTO5: External interrupt input
PO5/INTO5/ . i i
PO5: General-purpose 1/0 ANOS: Analog input xystlere&s/ CMOS |- m
AN05/TO00 TOO00: 8/16-bit composite timer ch. 0 nalog
output
P0G/INTOG/ INTO6: External interrupt input .
1001 P06: General-purpose I/0 TOO01: 8/16-bit composite timer ch. 0 Hysteresis CMOS |- m
output
PO7/INTO7 PO7: General-purpose /0 INTO7: External interrupt input Hysteresis CMOS |- m

OD: Open drain, PU: Pull-up
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m  Block Diagrams of Port 0
Figure 9-1. Block Diagram of POO and P01

A/D analog input — o0 0——

") 3
0 ( ': Pull-up

PDR read 1 —I

PDR 4 '|> pin
PDR write

Executing bit manipulation instruction

DDR read

@

DDRwrite  gtop, Watch (S

Internal bus

PUL read

PUL

PUL write

AIDR read

AIDR

—"" AIDR write

Figure 9-2. Block Diagram of P02, P03 and P05

_________________ A/D analog input — 00—
Peripheral function input
Peripheral function input enable
Peripheral function output enable
Peripheral function output

A

e Pull-up

PDR read

pin

_*/‘
\/

0 Only for
INTO2, INTO3
and INT05

PDR write

Executing bit manipulation instruction

I = gy

DDR read

DDRwrite  Stop, Watch (SPL=1)

PUL read

Internal bus

PUL
PUL write

AIDR read

AIDR

—— AIDR write
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Figure 9-3. Block Diagram of P04

_________________ A/D analog input — o0 0——

Peripheral function input &
Peripheral function input enable
T s
0 Pull-up
PDR read ! —|
PDR > pin
PDR write Only for
Executing bit manipulation instruction INTO4
DDR read
17}
2> {oon | -
@ .
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g j
PUL read
PUL
PUL write
AIDR read
AIDR
AIDR write
——

Figure 9-4. Block Diagram of P06

1 Peripheral function input
: Peripheral function input enable
I Peripheral function output enable
[}

Peripheral function output
/—l Pull-up
N
Y —
1 \| S~ pin
o 1
PDR write
Executing bit manipulation instruction|
3 3 >
Q ;
g
o | DDR read
IS
DDR write Stop, Watch (SPL=1)
PUL read
PUL
—— PUL write
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Figure 9-5. Block Diagram of P07
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Peripheral function input g
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\/-\
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PDR ™S pin
PDR write
Executing bit manipulation instruction
g DDR read
E
= DDR >
DDR write Stop, Watch (SPL=1) —ﬁ
PUL read
PUL
PUL write
A
9.2.1 Port O Registers
This section describes the registers of port 0.
m Port 0 Register Functions
Table 9-7. lists the functions of the port 0 register.
Table 9-7. Port 0 Register Functions
Register Data Read Read b)( read-m.odlfy-wnte Write
abbr. instruction
PDRO 0 Pin state is "L" level. PDR value is "0". As output port, outputs "L" level.
1 Pin state is "H" level. PDR value is "1". As output port, outputs "H" level.
0 Port input enabled
DDRO
1 Port output enabled
0 Pull-up disabled
PULO
1 Pull-up enabled
0 Analog input enabled
AIDRL -
1 Port input enabled
Table 9-8., Table 9-9. and Table 9-10. list the correspondence between port 0 pins and each register bit.

Table 9-8. Correspondence between Registers and Pins for Port 0 (MB95560H Series)

\_

Correspondence between related register bits and pins

Pin name

P07 P06

P05 P04 P03

P02

P01 P00

PDRO

DDRO

PULO

bit7

bité

AIDRL

bits

bit4 bit3

bit2

bit1

bit0
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Table 9-9. Correspondence between Registers and Pins for Port 0 (MB95570H Series)

\

Pin name

P06

Correspondence between related register bits and pins

P05

P04

DDRO bité

bits

bit4
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Table 9-10. Correspondence between Registers and Pins for Port 0 (MB95580H Series)
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\.

Correspondence between related register bits and pins

Pin name

P07

P06

P05

P04

P03

P02

P01

PDRO

DDRO

PULO

bit7

bit6

AIDRL

bit5

bit4

bit3

bit2

bit1

9.2.2

Operations of Port 0

This section describes the operations of port 0.

m Operations of Port 0

a

[ I e |

[ R R R

115

Operation as an output port

A pin will become an output port if the bit in the DDR register corresponding to that pin is set to "1".

For a pin shared with other peripheral functions, disable the output of such peripheral functions.

When a pin is used as an output port, it outputs the value of the PDR register to external pins.

If data is written to the PDR register, the value is stored in the output latch and is output to the pin set as an output port
as itis.

Reading the PDR register returns the PDR register value.

Operation as an input port

A pin will become an input port if the bit in the DDR register corresponding to that pin is set to "0".

For a pin shared with other peripheral functions, disable the output of such peripheral functions.

When using an analog input shared pin as an input port, set the corresponding bit in the A/D input disable register
lower (AIDRL) to "1".

If data is written to the PDR register, the value is stored in the output latch but is not output to the pin set as an input
port.

Reading the PDR register returns the pin value. However, if the read-modify-write (RMW) type of instruction is used to
read the PDR register, the PDR register value is returned.

Operation as a peripheral function output pin

A pin will become a peripheral function output pin if the peripheral output function is enabled by setting the output
enable bit of a peripheral function corresponding to that pin.

The pin value can be read from the PDR register even if the peripheral function output is enabled. Therefore, the out-
put value of a peripheral function can be read by the read operation on the PDR register. However, if the read-modify-
write (RMW) type of instruction is used to read the PDR register, the PDR register value is returned.

Operation as a peripheral function input pin

To set a pin as an input port, set the bit in the DDR register bit corresponding to the input pin of a peripheral function to
v

When using the analog input shared pin as another peripheral function input pin, configure it as an input port, which is
the same as the operation as an input port.

Reading the PDR register returns the pin value, regardless of whether the peripheral function uses that pin as its input

pin. However, if the read-modify-write (RMW) type of instruction is used to read the PDR register, the PDR register
value is returned.
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Operation at reset

If the CPU is reset, all bits in the DDR register are initialized to "0" and port input is enabled. As for a pin shared with analog
input, its port input is disabled because the A/D input disable register lower (AIDRL) is initialized to "0".

a
a

a a o oa

a

Operation in stop mode and watch mode

If the pin state setting bit in the standby control register (STBC:SPL) is set to "1" and the device transits to stop mode
or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDR register value.
The input of that pin is locked to "L" level and blocked in order to prevent leaks due to input open. However, if the inter-
rupt input is enabled for the external interrupt (INT02 to INTO7 for MB95560H/580H Series, and INT04 and INTO6 for
MB95570H Series), the input is enabled and not blocked.

If the pin state setting bit is "0", the state of the port I/0 or that of the peripheral function I/O remains unchanged and
the output level is maintained.

Operation as an analog input pin

Set the bit in the DDR register bit corresponding to the analog input pin to "0" and the bit corresponding to that pin in
the AIDRL register to "0".

For a pin shared with other peripheral functions, disable the output of such peripheral functions. In addition, set the
corresponding bit in the PUL register to "0".

Operation as an external interrupt input pin
Set the bit in the DDR register corresponding to the external interrupt input pin to "0".
For a pin shared with other peripheral functions, disable the output of such peripheral functions.

The pin value is always input to the external interrupt circuit. When using a pin for a function other than the interrupt,
disable the external interrupt function corresponding to that pin.

Operation of the pull-up register

Setting the bit in the PUL register to "1" makes the pull-up resistor be internally connected to the pin. When the pin output is
"L" level, the pull-up resistor is disconnected regardless of the value of the PUL register.

Table 9-11. shows the pin states of port 0.

Table 9-11. Pin State of Port 0

Normal operation
i Slee Stop (SPL=1
Operating P P ( ) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z
the pull-up setting is enabled .
) I/0 port/ (the pull-up 9 ) Hi-Z
Pin state inheral function 1/0 Input cutoff | disabled”
eripheral function i
perp (If the external interrupt function is enabled, nput disable
the external interrupt can be input.)

SPL :
Hi-Z :

Pin state setting bit in standby control register (STBC:SPL)
High impedance

*: "Input disabled" means the state that the operation of the input gate adjacent to the pin is disabled.

9.3

Port 1

Port 1 is a general-purpose 1/O port.
This section focuses on its functions as a general-purpose 1/O port.
For details of peripheral functions, see their respective chapters.

m Port 1 Configuration

Port 1 is made up of the following elements.
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o General-purpose I/O pins/peripheral function 1/0 pins
o Port 1 data register (PDR1)
o Port 1 direction register (DDR1)

m Port 1 Pin

Port 1 has one 1/O pin.
Table 9-12. lists the port 1 pin.

Table 9-12. Port 1 Pin

1/0 type
Input Output | OD | PU

Pin name Function Shared peripheral function

DBG: On-chip debug communication pin
P12: General-purpose 1/0 ECO: 8/16-bit composite timer ch. 0 Hysteresis CMOS |m -
clock input

P12/
DBG/ECO

OD: Open drain, PU: Pull-up
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m Block Diagram of Port 1
Figure 9-6. Block Diagram of P12
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9.3.1 Port 1 Registers
This section describes the registers of port 1.
m Port 1 Register Functions
Table 9-13. lists the port 1 register functions.
Table 9-13. Port 1 Register Functions
Register Data Read Read by_ read-m_odlfy-wrlte Write
abbr. instruction
0 Pin state is "L" level. PDR value is "0". As output port, outputs "L" level.
PDR1
1 Pin state is "H" level. PDR value is "1". As output port, outputs "H" level.”
0 Port input enabled
DDR1
1 Port output enabled

*: If the pin is an N-ch open drain pin, the pin state becomes Hi-Z.

Table 9-14. lists the correspondence between port 1 pins and each register bit.

Table 9-14. Correspondence between Registers and Pins for Port 1

\ Correspondence between related register bits and pins

Pin name - - - - - P12 - -
PDR1
DDR1

- - bit2 - -

9.3.2 Operations of Port 1

This section describes the operations of port 1.
m Operations of Port 1
o Operation as an output port
o A pin will become an output port if the bit in the DDR register corresponding to that pin is set to "1".
o For a pin shared with other peripheral functions, disable the output of such peripheral functions.
o When a pin is used as an output port, it outputs the value of the PDR register to external pins.
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o If data is written to the PDR register, the value is stored in the output latch and is output to the pin set as an output port
as itis.

7 Reading the PDR register returns the PDR register value.

o Operation as an input port

a A pin will become an input port if the bit in the DDR register corresponding to that pin is set to "0".

o For a pin shared with other peripheral functions, disable the output of such peripheral functions.

o If data is written to the PDR register, the value is stored in the output latch but is not output to the pin set as an input
port.

o Reading the PDR register returns the pin value. However, if the read-modify-write (RMW) type of instruction is used to
read the PDR register, the PDR register value is returned.

o Operation as a peripheral function output pin

o A pin will become a peripheral function output pin if the peripheral output function is enabled by setting the output
enable bit of a peripheral function corresponding to that pin.

3 The pin value can be read from the PDR register even if the peripheral function output is enabled. Therefore, the out-
put value of a peripheral function can be read by the read operation on the PDR register. However, if the read-modify-
write (RMW) type of instruction is used to read the PDR register, the PDR register value is returned.

o Operation as a peripheral function input pin

o To set a pin as an input port, set the bit in the DDR register corresponding to the input pin of a peripheral function to
v

o Reading the PDR register returns the pin value, regardless of whether the peripheral function uses that pin as its input
pin. However, if the read-modify-write (RMW) type of instruction is used to read the PDR register, the PDR register
value is returned.

o Operation at reset

If the CPU is reset, all bits in the DDR register are initialized to "0" and port input is enabled.
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a  Operation in stop mode and watch mode

I/0 Ports

o If the pin state setting bit in the standby control register (STBC:SPL) is set to "1" and the device transits to stop mode
or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDR register value.
The input of that pin is locked to "L" level and blocked in order to prevent leaks due to input open.

o If the pin state setting bit is "0", the state of the port I/O or that of the peripheral function 1/0O remains unchanged and
the output level is maintained.

Table 9-15. shows the pin states of port 1.

Table 9-15. Pin State of Port 1

Normal operation

Operating  |Sleep Stop (SPL=1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z
) 1/O port/ Hi-Z .
Pin state peripheral function 1/0 Input cutoff Input enabled

(Not functional)

SPL : Pin state setting bit in standby control register (STBC:SPL)

Hi-Z : High impedance
*: "Input enabled" means that the input function is in the enabled state. After reset, setting for internal pull-up or output pin is
recommended.

9.4 Port 6

Port 6 is a general-purpose 1/O port.
This section focuses on its functions as a general-purpose 1/O port.
For details of peripheral functions, see their respective chapters.
This port is only available on the MB95560H Series.

m Port 6 Configuration

Port 6 is made up of the following elements.

a a o a

m Port 6 Pins
Port 6 has three I/O pins.
Table 9-16. lists the port 6 pins.

Table 9-16. Port 6 Pins

General-purpose I/O pins/peripheral function 1/O pins
Port 6 data register (PDR6)
Port 6 direction register (DDRG6)
Port 6 pull-up register (PULG)

. ; . ; 1/0 type
Pin name Function Shared peripheral function
Input Output | OD | PU
P62/TO10  |P62: General-purpose /O Il?t:)ﬁ; 8/16-bit composite timerch. 1|, o resis  [cmos |- |m
P63/TO11 P63: General-purpose 1/0 Iﬁ;&gn&bnmmpos'te timerch-1 | steresis  |CMOS |- |m
P64/ECT P64: General-purpose /0 |- - 8/16-bit composite timer ch. 1 Hysteresis  |CMOS |- |m
clock input

OD: Open drain, PU: Pull-up
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m  Block Diagrams of Port 6

Figure 9-7. Block Diagram of P62 and P63
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9.41

Port 6 Registers

This section describes the registers of port 6.

m Port 6 Register Functions

Table 9-17. lists the port 6 register functions.

Table 9-17. Port 6 Register Functions

Register R read-modify-wri .
el Data Read ead by_ Ee .Od BT Write
abbr. instruction

PDRG 0 Pin state is "L" level. PDR value is "0". As output port, outputs "L" level.
1 Pin state is "H" level. PDR value is "1". As output port, outputs "H" level.
0 Port input enabled

DDR6
1 Port output enabled
0 Pull-up disabled

PUL6
1 Pull-up enabled

Table 9-18. lists the correspondence between port 6 pins and each register bit.

Table 9-18. Correspondence Between Registers and Pins for Port 6

\

Correspondence between related register bits and pins

Pin name

- P64 P63

P62 - -

PDR6

DDRG6

PULG

- bit4 bit3

bit2 - -

9.4.2

Operations of Port 6

This section describes the operations of port 6.

m Operations of Port 6

o Operation as an output port

A pin will become an output port if the bit in the DDR register corresponding to that pin is set to "1".

a a a

as itis.

o o a o o

port.

Operation as an input port

Reading the PDR register returns the PDR value.

For a pin shared with other peripheral functions, disable the output of such peripheral functions.
When a pin is used as an output port, it outputs the value of the PDR register to external pins.

A pin will become an input port if the bit in the DDR register corresponding to that pin is set to "0".
For a pin shared with other peripheral functions, disable the output of such peripheral functions.

I/0 Ports

If data is written to the PDR register, the value is stored in the output latch and is output to the pin set as an output port

If data is written to the PDR register, the value is stored in the output latch but is not output to the pin set as an input

1 Reading the PDR register returns the pin value. However, if the read-modify-write (RMW) type of instruction is used to
read the PDR register, the PDR register value is returned.

a Operation as a peripheral function output pin

o A pin will become a peripheral function output pin if the peripheral output function is enabled by setting the output
enable bit of a peripheral function corresponding to that pin.

o The pin value can be read from the PDR register even if the peripheral function output is enabled. Therefore, the out-
put value of a peripheral function can be read by the read operation on the PDR register. However, if the read-modify-
write (RMW) type of instruction is used to read the PDR register, the PDR register value is returned.
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o Operation as a peripheral function input pin

o To set a pin as an input port, set the bit in the DDR register corresponding to the input pin of a peripheral function to
"

7 Reading the PDR register returns the pin value, regardless of whether the peripheral function uses that pin as its input

pin. However, if the read-modify-write (RMW) type of instruction is used to read the PDR register, the PDR register
value is returned.

0 Operation at reset

If the CPU is reset, all bits in the DDR register are initialized to "0" and port input is enabled.
o Operation in stop mode and watch mode

o If the pin state setting bit in the standby control register (STBC:SPL) is set to "1" and the device transits to stop mode
or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDR register value.
The input of that pin is locked to "L" level and blocked in order to prevent leaks due to input open.

o If the pin state setting bit is "0", the state of the port I/O or that of the peripheral function 1/0 remains unchanged and
the output level is maintained.

o Operation of the pull-up register

Setting the bit in the PUL register to "1" makes the pull-up resistor be internally connected to the pin. When the pin output is
"L" level, the pull-up resistor is disconnected regardless of the value of the PUL register.

Table 9-19. shows the pin states of port 6.

Table 9-19. Pin State of Port 6

Normal operation

Operating | Sleep Stop (SPL=1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z

I/O port/peripheral function |Hi-Z

Pin state
110 Input cutoff

Input enabled”
(Not functional)

SPL : Pin state setting bit in standby control register (STBC:SPL)

Hi-Z : High impedance
*: "Input enabled" means that the input function is in the enabled state. After reset, setting for internal pull-up or output pin is
recommended.

9.5 Port F

Port F is a general-purpose 1/O port.
This section focuses on its functions as a general-purpose |/O port. For details of peripheral functions, see their respective
chapters.

m Port F Configuration

Port F is made up of the following elements.
a General-purpose I/O pins/peripheral function 1/O pins
o Port F data register (PDRF)
o Port F direction register (DDRF)

m Port F Pins

In the MB95560H/580H Series, port F has three 1/O pins.
In the MB95570H Series, port F has one I/O pin.
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Table 9-20. and Table 9-21. list the port F pins.

Table 9-20. Port F Pins (MB95560H/580H Series)

. . . . 1/0 type
Pin name Function Shared peripheral function
Input Output | OD | PU
PFO/X0" PFO: General-purpose 1/0O X0: Main clock oscillation pin Hysteresis CMOS |-
PF1/X1"1 PF1: General-purpose 1/0 X1: Main clock oscillation pin Hysteresis CMOS |- -
PF2/RST 2 PF2: General-purpose /O RST: Reset pin Hysteresis CMOS |m -
Table 9-21. Port F Pins (MB95570H Series)
. . . . 1/0 type
Pin name Function Shared peripheral function
Input Output | OD | PU
PF2/RST 2 PF2: General-purpose 1/0 RST: Reset pin Hysteresis CMOS |m -

OD: Open drain, PU: Pull-up

*1: If the main oscillation clock is selected (SYSC:PFSEL=0), the port function cannot be used.

*2: If the external reset is selected (SYSC:RSTEN=1), the port function cannot be used. PF2/RST is the dedicated reset pin

on MB95F562H/F563H/F564H/F572H/F573H/F574H/F582H/F583H/F584H.
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m  Block Diagrams of Port F
Figure 9-9. Block Diagram of PFO and PF1
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Figure 9-10. Block Diagram of PF2
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9.5.1 Port F Registers

This section describes the registers of port F.
m Port F Register Functions

Table 9-22. lists the port F register functions.

Table 9-22. Port F Register Functions

Register Data Read Read b)( read-m.odlfy-wrlte Write
abbr. instruction
PDRF 0 Pin state is "L" level. PDR value is "0". As output port, outputs "L" level.
Pin state is "H" level. PDR value is "1". As output port, outputs "H" level.”
0 Port input enabled
DDRF
1 Port output enabled

*: For N-ch open drain pin, this should be Hi-Z.
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Table 9-23. and Table 9-24. list the correspondence between port F pins and each register bit.

Table 9-23. Correspondence between Registers and Pins for Port F (MB95560H/580H Series)

\ Correspondence between related register bits and pins

Pin name - - - - - PF2 PF1 PFO

- - - - - bit2 bit1 bit0

Table 9-24. Correspondence between Registers and Pins for Port F (MB95570H Series)

\ Correspondence between related register bits and pins

Pin name - - - - - PF2 - -

PDRF

DDRF

- - - - - bit2

9.5.2

Operations of Port F

This section describes the operations of port F.

m Operations of Port F

a

a a o oa

a a o a

a

Operation as an output port

A pin will become an output port if the bit in the DDR register corresponding to that pin is set to "1".

For a pin shared with other peripheral functions, disable the output of such peripheral functions.

When a pin is used as an output port, it outputs the value of the PDR register to external pins.

If data is written to the PDR register, the value is stored in the output latch and is output to the pin set as an output port
as itis.

Reading the PDR register returns the PDR value.

Operation as an input port

A pin will become an input port if the bit in the DDR register corresponding to that pin is set to "0".

If data is written to the PDR register, the value is stored in the output latch but is not output to the pin set as an input
port.

Reading the PDR register returns the pin value. However, if the read-modify-write (RMW) type of instruction is used to
read the PDR register, the PDR register value is returned.

Operation at reset

If the CPU is reset, all bits in the DDR register are initialized to "0" and port input is enabled.

a
a

Operation in stop mode and watch mode

If the pin state setting bit in the standby control register (STBC:SPL) is set to "1" when the device transits to stop mode
or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDR register value.
The input of that pin is locked to "L" level and blocked in order to prevent leaks due to input open.

If the pin state setting bit is "0", the state of the port I/0 or that of the peripheral function I/O remains unchanged and
the output level is maintained.
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Table 9-25. shows the pin states of port F.

Table 9-25. Pin State of Port F

Normal operation
i Slee Stop (SPL=1
Operating p p( ) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z
_ Hi-Z Input enabled™’
Pin state 1/0 port )
Input cutoff (Not functional)
Low2

SPL : Pin state setting bit in standby control register (STBC:SPL)

Hi-Z : High impedance

*1: "Input enabled" means that the input function is in the enabled state. After reset, setting for internal pull-up or output pin is
recommended.

*2: Only for PF2 at power-on reset.

9.6 Port G

Port G is a general-purpose 1/O port.

This section focuses on its functions as a general-purpose 1/O port. For details of peripheral functions, see their respective
chapters.

This port is only available on the MB95560H/580H Series.

m  Port G Configuration
Port G is made up of the following elements.
a General-purpose I/O pins/peripheral function 1/O pins
o Port G data register (PDRG)
a Port G direction register (DDRG)
a Port G pull-up register (PULG)
m Port G Pins
Port G has two I/0 pins.

Table 9-26. lists the port G pins.

Table 9-26. Port G Pins

. . . . I/O type
Pin name Function Shared peripheral function
Input Output | OD | PU
PG1/X0A" PG1: General-purpose 1/0 XOA: Subclock oscillation pin Hysteresis CMOS |-
PG2/X1A" PG2: General-purpose 1/0 X1A: Subclock oscillation pin Hysteresis CMOS |-

OD: Open drain, PU: Pull-up
*: If the sub-oscillation clock is selected (SYSC:PGSEL=0), the port function cannot be used.
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m Block Diagram of Port G
Figure 9-11. Block Diagram of PG1 and PG2
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9.6.1 Port G Registers
This section describes the registers of port G.
m Port G Register Functions
Table 9-27. lists the port G register functions.
Table 9-27. Port G Register Functions
Register Data Read Read by_ read-m_odlfy-wrlte Write
abbr. instruction
PDRG 0 Pin state is "L" level. PDR value is "0". As output port, outputs "L" level.
1 Pin state is "H" level. PDR value is "1". As output port, outputs "H" level.
0 Port input enabled
DDRG
1 Port output enabled
0 Pull-up disabled
PULG
1 Pull-up enabled

Table 9-28. lists the correspondence between port G pins and each register bit.

Table 9-28. Correspondence between Registers and Pins for Port G

\ Correspondence between related register bits and pins

Pin name - - - - - PG2 PG1 -
PDRG
DDRG - - - - - bit2 bit1 -
PULG
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Operations of Port G

This section describes the operations of port G.

m Operations of Port G

a

[ I R

[ I T

a

Operation as an output port

A pin will become an output port if the bit in the DDR register corresponding to that pin is set to "1".

For a pin shared with other peripheral functions, disable the output of such peripheral functions.

When a pin is used as an output port, it outputs the value of the PDR register to external pins.

If data is written to the PDR register, the value is stored in the output latch and is output to the pin set as an output port
as itis.

Reading the PDR register returns the PDR value.

Operation as an input port

A pin will become an input port if the bit in the DDR register corresponding to that pin is set to "0".

If data is written to the PDR register, the value is stored in the output latch but is not output to the pin set as an input
port.

Reading the PDR register returns the pin value. However, if the read-modify-write (RMW) type of instruction is used to
read the PDR register, the PDR register value is returned.

Operation at reset

If the CPU is reset, all bits in the DDR register are initialized to "0" and port input is enabled.

a
a

a

a

Operation in stop mode and watch mode

If the pin state setting bit in the standby control register (STBC:SPL) is set to "1" when the device transits to stop mode
or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDR register value.
The input of that pin is locked to "L" level and blocked in order to prevent leaks due to input open.

If the pin state setting bit is "0", the state of the port I/O or that of the peripheral function I/0 remains unchanged and
the output level is maintained.

Operation of the pull-up register

Setting the bit in the PUL register to "1" makes the pull-up resistor be internally connected to the pin. When the pin output is
"L" level, the pull-up resistor is disconnected regardless of the value of the PUL register.
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Table 9-29. shows the pin states of port G.

Table 9-29. Pin State of Port G

Normal operation

Operating | Sleep Stop (SPL=1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z
. Hi-Z "
Pin state 1/O port Input cutoff Input enabled

(Not functional)

SPL : Pin state setting bit in standby control register (STBC:SPL)

Hi-Z : High impedance
*: "Input enabled" means that the input function is in the enabled state. After reset, setting for internal pull-up or output pin is

recommended.
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This chapter describes the functions and operations of the time-base timer.
10.10verview of Time-base Timer

10.2Configuration of Time-base Timer

10.3Register of Time-base Timer

10.4Interrupts of Time-base Timer

10.50perations of Time-base Timer and Setting Procedure Example

10.6Notes on Using Time-base Timer

10.1 Overview of Time-base Timer

The time-base timer is a 24-bit free-run down-counting counter. It is synchronized with the main clock divided by two or with
the main CR clock or with the main CR PLL clock. The clock can be selected by the SCS[2:0] bits in the SYCC register. The
time-base timer has an interval timer function that can repeatedly generate interrupt requests at regular intervals.

m Interval Timer Function

The interval timer function repeatedly generates interrupt requests at regular intervals by using the main clock divided by two
or using the main CR clock or the main CR PLL clock as the count clock.

o The counter of the time-base timer counts down so that an interrupt request is generated every time a selected interval
time elapses.

a The length of an interval time can be selected from the following 16 types.

Table 10-1. shows the interval times available for the time-base timer.

Table 10-1. Interval Times of Time-base Timer

Interval time if the main CR ::Ttt)ecrl'(v?sl :T"r:ﬁi';ﬁzg Lnya;npcli-ll?- Interval tim.e if the main

clock is used multiplication rate of 2 clock is used
(2" x 1/Fcry™) (2" x 1/FycrpLL™) (2" x 2/Fcy™)

n=9 128 ps 64 us 256 us

n=10 256 us 128 us 512 us

n=11 512 us 256 us 1.024 ms

n=12 1.024 ms 512 ps 2.048 ms

n=13 2.048 ms 1.024 ms 4.096 ms

n=14 4.096 ms 2.048 ms 8.192 ms

n=15 8.192 ms 4.096 ms 16.384 ms

n=16 16.384 ms 8.192 ms 32.768 ms

n=17 32.768 ms 16.384 ms 65.536 ms

n=18 65.536 ms 32.768 ms 131.072 ms

n=19 131.072 ms 65.536 ms 262.144 ms
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Interval time if the main CR
clock is used

Interval time if the main CR
clock is multiplied by a PLL
multiplication rate of 2

Interval time if the main
clock is used

(2" X 1/FCRH*1)

(2" x 1FpcrpLL™)

(2" x 2/Fcy™)

n=20 262.144 ms 131.072 ms 524.288 ms
n=21 524.288 ms 262.144 ms 1.049s
n=22 1.049s 524.288 ms 2.097 s
n=23 2.097 s 1.049s 4.194 s
n=24 4194 s 2.097 s 8.389 s

*1: FCRH =4 MHz

\1

/FCRH =0.25ms

*2: FMCRPLL =8 MHz

P

LL multiplication rate = 2

Fcry ~ PLL multiplication rate =4 MHz “ 2 = 8 MHz

\1/FymerpLL = 0.125 ms
*3: Fcy =4 MHz

\2/FCH =0.5ms

10.

2 Configuration of Time-base Timer

The time-base timer consists of the following blocks:

m Time-base timer counter

Counter clear circuit

nterval timer selector

Time-base timer control register (TBTC)
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m  Block Diagram of Time-base Timer

Figure 10-1. Block Diagram of Time-base Timer
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Time-base timer counter

Fchdivided by 2 —»

»To prescaler

To software watchdog timer
A A

Fcry —> x21|x22 | x28 [ x24[ 25| x26 | x27 [ x28 [ x29 [x210|x211[x212{x 213} 214|x 2 15[ 216 2 17| 218|219} 220fx 21| 222|% 223 224]
FMCRPLL —
- - Y
[ 1 1
[ som2 | scm1 [ scmo | scs2 | scs1 | scso [ pivi | pivo |
System clock control register (SYCC) Counter clear
Software watchdog timer clear:
Resets —» Counter Interval timer
Stops main clock oscillation or main CR clock oscillation —  clear circuit selector
y y
Time-base timer interrupt{
Y
[BiF [ TBIE] - [TBC3] TBC2 | TBC1 [ TBCO | TCLR |

FcH
FcrH
FmCRPLL

: Main clock
: Main CR clock
: Main CR PLL clock

Time-base timer control register (TBTC)
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o Time-base timer counter

This is a 24-bit down-counter using the main clock divided by two or the main CR clock as its count clock.
a Counter clear circuit

This circuit controls the clearing of the time-base timer counter.
o Interval timer selector

This circuit selects one bit out of 16 bits in the 24 bits of the time-base timer counter as the interval timer.
a  Time-base timer control register (TBTC)

This register selects the interval time, clears the counter, controls interrupts and checks the state of the time-base timer.
m Input Clock

The time-base timer uses the main clock divided by two or the main CR clock or the main CR PLL clock as its input clock
(count clock).

m  Output Clock

The time-base timer supplies clocks to the main clock, the software watchdog timer and the prescaler.

10.3 Register of Time-base Timer

Figure 10-2. shows the register of the time-base timer.
m Register of Time-base Timer

Figure 10-2. Register of Time-base Timer

Time-base timer control register (TBTC)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
000AH |TBIF|TBIE| - |T803|TBC2|TBC1|TBCO|TCLR| 000000008
RRM1)W R/W RO/WX R/W R/W R/W R/W RO,W

R/W : Readable/writable (The read value is the same as the write value.)

R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

RO,W 1 Write only (Writable. The read value is “0”.)

RO/WX : The read value is “0”. Writing a value to this bit has no effect on operation.

- : Undefined bit

10.3.1  Time-base Timer Control Register (TBTC)

The time-base timer control register (TBTC) selects the interval time, clears the counter, controls interrupts and checks the
status of the time-base timer.
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m Time-base Timer Control Register (TBTC)
Figure 10-3. Time-base Timer Control Register (TBTC)
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Address

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
000AH | TBIF | TBIE | - | TBC3 | TBC2 | TBC1 | TBCO | TCLR | 000000008
R(RM1),W R/W RO/WX R/W R/W R/W R/W RO,W
L Time-base timer initialization bit
TCLR Read Write
0 "0" is always read. Has no effect on operation.
1 ] Clears all counter bits of the
time-base timer to "1".
Interval time Interval time Interval time
»(TBC3(TBC2[TBC1|TBCO, (Main CR clock, (Main CR clock multiplied by a PLL| (Main clock,

FcrH = 4 MHz) multiplier of 2, FMCRPLL = 8 MHz) FcH = 4 MHz)
0OjJ]1]0]O 29 x 1/FcRH (128 us) 29 x 1/FMCRPLL (64 us) 29 x 2/FcH (256 us)
0]J]0[0]O 210 % 1/FcRrH (256 s) 210 % 1/FMCRPLL (128 ps) 210 % 2/FcH (512 us)
o101 21" x 1/FcrH (512 ps) 211 x 1/FmcreLL (256 us) | 2" x 2/FcH (1.024 ms)
OjJo0OfO0[1 212 x 1/FcrH (1.024 ms) 212 x 1/FMCRPLL (512 ps) 212 x 2/FcH (2.048 ms)
OJ1[1]0 213 x 1/FcRH (2.048 ms) 213 x 1/FmcrpLL (1.024 ms) | 2'3 x 2/FcH (4.096 ms)
ojJof1]oO 214 x 1/FcRH (4.096 ms) 214 x 1/FmcRPLL (2.048 ms) | 2'* x 2/FcH (8.192 ms)
o1 [1][1 215 x 1/FcRH (8.192 ms) 215 x 1/FMCRPLL (4.096 ms) | 2'° x 2/FcH (16.384 ms)
0 | O [ 1 [ 1 ] 2'x1/FcrH (16.384 ms) 215 % 1/FmcreLL (8.192 ms) | 216 x 2/FcH (32.768 ms)
1 0 ] 0| O [ 2"7x1/FcrH (32.768 ms) |  2'7 x 1/FMcRPLL (16.384 ms) | 2'7 x 2/FcH (65.536 ms)
1100 [ 1 [ 28x1/Forr(65.536ms)| 2'8 x 1/FmcreLL (32.768 ms) | 28 x 2/FcH (131.072 ms)
1 0] 1 0 |2'9x1/FcrH (131.072ms) | 219 x 1/FMcReLL (65.536 ms) | 21° x 2/FcH (262.144 ms)
110 1 [ 1 [229x«1/Fcr (262.144 ms) | 2%° x 1/FmcrpLL (131.072 ms) | 220 x 2/FcH (524.288 ms)
1] 1 10| O [22x1/Fcr (524.288 ms) | 22 x 1/FucRpLL (262.144 ms) 221 x 2/FcH (1.049 s)
1(1]07(1 222 % 1/FcRH (1.049 5) | 2% x 1/FMCRPLL (524.288 ms) 222 % 2/FcH (2.197 s)
1[1]1]0 22 x 1/FcRH (2.097 s) 223 % 1/FmCRPLL (1.049 s) 22 % 2/FCH (4.194 )
1 1 1 1 224 x 1/FCRH (4.194 s) 224 x 1/FMCRPLL (2.097 s) 224 x 2/FcH (8.389 s)

—H Undefined bit \
| The read value is always “0”. Writing a value to this bit has no effect on operation. |
»| TBIE Time-base timer interrupt request enable bit
0 [Disables output of interrupt request
1 Enables output of interrupt request
»| TBIF Time-base timer interrupt request flag bit
- Read Write
0 [Interval time has not elapsed Clears the bit
1 [|Interval time has elapsed Has no effect on operation

RIW
R(RM1),W :

RoO,W
RO/WX

: Readable/writable (The read value is the same as the write value.)

Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

: Initial value

: Write only (Writable. The read value is “0”.)
: The read value is “0”. Writing a value to this bit has no effect on operation.
: Undefined bit
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Table 10-2. Functions of Bits in Time-base Timer Control Register (TBTC)

Bit name Function

This flag is set to "1" when the interval time selected by the time-base timer elapses.

. An interrupt request is output if this bit and the time-base timer interrupt request enable bit
N (TBIE) are set to "1".

bit7 | Time-base timer inter- Writing "0":Clears this bit.

rupt request flag bit Writing "1":Has no effect on operation.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

This bit enables/disables output of interrupt requests to interrupt controller.
TBIE: Writing "0":Disables the output of time-base timer interrupt requests.
bité | Time-base timer inter- | Writing "1":Enables the output of time-base timer interrupt requests.

rupt request enable bit An interrupt request is output if this bit and the time-base timer interrupt request flag bit (TBIF)
are set to "1".

bit5 Undefined bit The read value is always "0". Writing a value to this bit has no effect on operation.

These bits select interval time.

Interval time

Interval time (Main CR clock Inter_val time
TBC3|TBC2|TBC1|TBCO (Main CR clock, multiplied by a PLL (Main clock,
Fcru = 4 MHz) multiplication rate of 2, Fcu = 4 MHz)

FmcrpLL = 8 MHz)

0 1 0 |0 |2°x 1/Fcry (128 us) [2° x 1/FycrpLL (64 1s)|2° x 2/Fcy (256 ps)

10
o o o o 210><1/FCRH(256;.LS)28)X1/FMCRP'—|—(128 210 2/F gy (512 pis)
I

11 11
1 1 11 2 X 1/FMCRPLL (256 2 X 2/FCH (1024
0 0 2" x 1/FCRH (512 ],J,S) },lS) ms)

o lo o 1 212 1/Fcry (1.024  |2'2 x 1/FpyerpLL (512 [212 x 2/F o (2.048

tbc;t“ TBC3 to TBCO: ms) us) ms)
bit1 | 'nterval time select bits | | 1 1 0 213 % 1/Fcry (2.048 [213 x 1/FycrpLL 213 % 2/Fcy (4.096
ms) (1.024ms) ms)
o lo | 0 (2" x 1Fcry (4.096 [2"4x 1/Fycrery (2.048 [2%x 2/Fcyy (8.192
ms) ms) ms)
0 1 1 1 215 % 1/Fcry (8.192 [21% x 1/FycrpLL 215 x 2/F ¢y (16.384
ms) (4.096 ms) ms)
o lo | 1 216x 1/F cryy (16.384 [210 x 1/FycrpLL 216 % 2/F ¢y (32.768
ms) (8.192 ms) ms)
1 o o 0 217 % 1/Fcry (32768 [217 x 1/FycrpLL 217 x 2/Fy (65.536
ms) (16.384 ms) ms)
1 o o 1 218 1/F Ry (65.536 [218 x 1/FycrpLL 218 % 2/Fcyy
ms) (32.768 ms) (131.072 ms)
. . 219 % 1/Fam. (1310721219 5 1/ 219 « 2IF A,

This bit clears all counter bits of the time-base timer counter to "1".
Writing "0":ls ignored and has no effect on the operation.

o [TCLRE | Writing "1*:Initializes all counter bits to "1".
bitd | Time-base timer initial- L . ey
ization bit When this bit is read, it always returns "0".

Note:When the output of the time-base timer is selected as the count clock for the watchdog
timer, using this bit to clear the time-base timer also clears the software watchdog timer.

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 136



CYPRESS

Embedded in Tomorrow

Base Timer

10.4 Interrupts of Time-base Timer

An interrupt request is generated when the interval time selected by the time-base timer elapses (interval timer function).
m Interrupts When Interval Function Is in Operation
When the time-base timer counter counts down by using the internal count clock and the selected time-base timer counter

underflows, the time-base timer interrupt request flag bit (TBTC:TBIF) is set to "1". If the time-base timer interrupt request
enable bit is enabled (TBTC:TBIE = 1), an interrupt request will be generated to the interrupt controller.

o Regardless of the value of the TBIE bit, the TBIF bit is set to "1" when the selected bit underflows.

o With the TBIF bit having been set to "1", if the TBIE bit is changed from the disable state to the enable state (0 — 1),
an interrupt request is generated immediately.

a The TBIF bit will not be set to "1" if the counter is cleared (TBTC:TCLR = 1) at the same time as the time-base timer
counter underflows.

a In the interrupt service routine, write "0" to the TBIF bit to clear an interrupt request.
Note:
When enabling the output of interrupt requests after canceling a reset (TBTC:TBIE = 1), always clear the TBIF bit at the same
time (TBTC:TBIF = 0).

Table 10-3. Interrupts of Time-base Timer

Item Description
Interrupt condition The interval time set by "TBTC:TBC3-TBCOQ" has elapsed.
Interrupt flag TBTC:TBIF
Interrupt enable TBTC:TBIE

m Register and Vector Table Addresses for Interrupts of Time-base Timer

Table 10-4. Register and Vector Table Addresses for Interrupts of Time-base Timer

Interrupt Interrupt level setting register Vector table address
Interrupt source = - .
request no. Register Setting bit Upper Lower
Time-base timer IRQ19 ILR4 L19 FFD4y FFD5y

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

10.5 Operations of Time-base Timer and Setting Procedure Example
This section describes the operations of the interval timer function of the time-base timer.
m Operations of Time-base Timer

The counter of the time-base timer is initialized to "FFFFFF" after a reset and starts counting while being synchronized with
the main clock divided by two.

The time-base timer continues to count down as long as the main clock is oscillating. Once the main clock halts, the counter
stops counting and is initialized to "FFFFFFy".

The settings shown in Figure 10-4. are required to use the interval timer function.
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Figure 10-4. Settings of Interval Timer Function

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
000A+ TBTC | TBIF [ TBIE | - [TBC3 | TBC2 | TBC1 | TBCO | TCLR |
0 1 © © © © 0
©: Bit to be used
1: Setto"1"
0: Setto "0"

When the time-base timer initialization bit in the time-base timer control register (TBTC:TCLR) is set to "1", the counter of the
time-base timer is initialized to "FFFFFFQ" and continues to count down. When the selected interval time has elapsed, the

time-base timer interrupt request flag bit of the time-base timer control register (TBTC:TBIF) becomes "1". In other words, an
interrupt request is generated at each interval time selected, based on the time when the counter was last cleared.

m Clearing Time-base Timer

If the time-base timer is cleared when the output of the time-base timer is used in other peripheral functions, this will affect the
operation by changing the count time or in other manners.

When clearing the counter by using the time-base timer initialization bit (TBTC:TCLR), modify the settings of other peripheral
functions whenever necessary so that clearing the counter does not have any unexpected effect on them.

When the output of the time-base timer is selected as the count clock for the watchdog timer, clearing the time-base timer
also clears the watchdog timer.

The time-base timer is cleared not only by the time-base timer initialization bit (TBTC:TCLR), but also when the main clock is
stopped and the oscillation stabilization wait time is necessary. The time-base timer is cleared in the following situations:

1 When the device transits from the main clock mode or main CR clock mode or the main CR PLL clock mode to the
stop mode

1 When the device transits from the main clock mode or main CR clock mode or the main CR PLL clock mode to the
subclock mode or sub-CR clock mode

At power on
o At low-voltage detection reset
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m Operation Examples of Time-base Timer
Figure 10-5. shows examples of operations under the following conditions:
1) When a power-on reset is generated

2) When the device enters the sleep mode during the operation of the interval timer function in main clock mode, main CR
clock mode or main CR PLL clock mode

3) When the device enters the stop mode during the main clock mode, main CR clock mode or main CR PLL clock mode
4) When a request is generated to clear the counter

If the device transits to the timebase time mode, the same operations are executed as those executed when the device tran-
sits to the sleep mode.

In stop mode in which the clock mode is subclock mode, sub-CR clock mode, main clock mode, main CR clock mode or main
CR PLL clock mode, the timer operation stops because it is cleared and the main clock stops.

Figure 10-5. Operations of Time-base Timer

Counter value
(count down)

FFFFFFH
Count value detected in
WATR:MWT3 to MWTO \
Count value detected in
TBTC:TBC3 to TBCO
Interval cycle
(TBTC:TBC3 to TBC0=00118)
Cleared by
transition
to stop mode
I
000000+
Oscillation 4) Gounter cleared Oscillation
stabilization wait time (TBTC:TICLR=1) stabilization wait time
1) Power-on reset i
Clearled at Cleared in interrupt
interval setting service routine
TBIF bit
TBIE bit
Sleep
2) SLP bit
(STBC register) Stop
Sleep mode released by
3) STP bit time-base timer interrupt
(STBC register) ]

Stop mode released by external interrupt

« When setting the interval time select bits in time-base timer control register (TBTC:TBC3 to TBCO) to "0011g" (2'° x 2/Fax)

* TBTC:TBC3 to TBCO : Interval time select bits in time-base timer control register

* TBTC:TCLR : Time-base timer initialization bit in time-base timer control register

* TBTC:TBIF : Time-base timer interrupt request flag bit in time-base timer control register

* TBTC:TBIE : Time-base timer interrupt request enable bit in time-base timer control register
* STBC:SLP : Sleep bit in standby control register

* STBC:STP

: Stop bit in standby control register
: Main clcok oscillation stabilization wait time select bits in oscillation stabilization wait time setting register

* WATR:MWT3 to MWTO
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m Setting Procedure Example

Below is an example of procedure for setting the time-base timer.
o Initial settings
1.Disable interrupts.(TBTC:TBIE = 0)
2.Set the interval time.(TBTC:TBC3 to TBCO)
3.Enable interrupts.(TBTC:TBIE = 1)
4 .Clear the counter.(TBTC:TCLR = 1)
o Processing interrupts
1.Clear the interrupt request flag.(TBTC:TBIF = 0)
2.Clear the counter.(TBTC:TCLR = 1)

10.6 Notes on Using Time-base Timer

This section provides notes on using the time-base timer.
m Notes on Using Time-base Timer
o  When setting the timer by program
The timer cannot be waken up from interrupt processing when the time-base timer interrupt request flag bit (TBTC:TBIF) is

set to "1" and the interrupt request enable bit is enabled (TBTC:TBIE = 1). Always clear the TBIF bit in the interrupt service
routine.

o Clearing Time-base Timer

The time-base timer is cleared not only by the time-base timer initialization bit (TBTC:TCLR = 1) but also when the oscillation
stabilization wait time of the main clock is required. When the time-base timer is selected as the count clock of the software
watchdog timer (WDTC:CS1, CS0 = 00g or CS1, CS0 = 01p), clearing the time-base timer also clears the software watchdog
timer.

a Peripheral functions receiving clock from time-base timer

In the mode where the source oscillation of the main clock is stopped, the counter is cleared and the time-base timer stops
operating. In addition, if the counter of the time-base timer is cleared with the output of the time-base timer being used in
other peripheral functions, that will affect the operations of such peripheral operations such as the changing of their operating
cycles.

After the counter of the time-base timer is cleared, the clock that is output from the time-base timer for the software watchdog
timer returns to the initial state. However, since the software watchdog timer counter is also cleared at the same time as the
clock for the software watchdog timer returns to the initial state, the software watchdog timer operates in its normal cycle.
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This chapter describes the functions and operations of the watchdog timer.
11.10verview of Watchdog Timer

11.2Configuration of Watchdog Timer

11.3Register of Watchdog Timer

11.4Operations of Watchdog Timer and Setting Procedure Example

11.5Notes on Using Watchdog Timer

11.1  Overview of Watchdog Timer

The watchdog timer serves as a counter used to prevent programs from running out of control.
m  Watchdog Timer Function
The watchdog timer functions as a counter used to prevent programs from running out of control. Once the watchdog timer is

activated, its counter needs to be cleared at specified intervals regularly. A watchdog reset is generated if the timer is not
cleared within a certain amount of time due to a problem such as a program entering an infinite loop.

a  Count clock for the software/hardware watchdog timer

For the software watchdog timer, the output of the time-base timer or of the watch prescaler or of the sub-CR timer can
be used as the count clock.

For the hardware watchdog timer, only the output of the sub-CR timer can be used as the count clock.

o Activation of the software/hardware watchdog timer
The software/hardware watchdog timer is to be activated according to the values at the addresses FFBEy and FFBFy
on the Flash memory, which are copied to the watchdog timer selection ID registers WDTH/WDTL (OFEBH/OFEC).
In the case of software activation (software watchdog), the watchdog timer register (WDTC) must be set to start the
watchdog timer function.

In the case of hardware activation (hardware watchdog), the watchdog timer starts automatically after a reset. It can
also stop or run in stop mode according to the values at the addresses FFBE and FFBFy on the Flash memory, which
are copied to the watchdog timer selection ID registers WDTH/WDTL (OFEBR/OFEC,)). See "22. Non-Volatile Register
Function (NVR)" for details of the watchdog timer selection ID.

The intervals of the watchdog timer are shown in Table 11-1.. If the counter of the watchdog timer is not cleared, a
watchdog reset is generated between the minimum time and the maximum time. Clear the counter of the watchdog
timer within the minimum time.

Table 11-1. Interval Times of Watchdog Timer

AT R D Count clock switch bit Interval time
CS[1:0], CSP Minimum time | Maximum time
+ Time-base timer output + 000g (SWWDT) + 524 ms +1.05s
* (main clock = 4 MHz) + 0105 (SWWDT) « 262 ms « 524 ms
« Watch prescaler output + 100g (SWWDT) + 500 ms +1.00s
* (subclock = 32.768 kHz) + 110g (SWWDT) + 250 ms + 500 ms
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Table 11-1. Interval Times of Watchdog Timer

Hardware/Software Watchdog Timer

Count clock type Count clock switch bit Interval time
yp CS[1:0], CSP Minimum time | Maximum time
* Sub-CR timer * XX1g (SWWDT) or
+ (sub-CR clock = 50 kHz -150 kHz) . HWWDT' 437 ms 262s

*: CS[1:0]=00g, CSP=1 (read only)

11.2 Configuration of Watchdog Timer

The watchdog timer consists of the following blocks:
Count clock selector

Watchdog timer counter

Reset control circuit

Watchdog timer clear selector

Counter clear control circuit

Watchdog timer control register (WDTC)
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m  Block Diagram of Watchdog Timer

Figure 11-1. Block Diagram of Watchdog Timer
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Watchdog timer control re

gister (WDTC)

[ cs1] cso | CsP [Hwwor

WTEB|WTE2|WTE1|WTEO|

221/FcH (or 229/Fcrn or 220/FucreLL),
220/FcH (or 2'%/FcrH or 2'%/FMcRpLL)
(Time-base timer output) —

2"4/FcL (or 2'4/FcnL), 2'3/FcL (or 2'3/FcRL) N

(Watch prescaler output)

16
218/FcRL s

(Sub-CR timer)

Watchdog timer

Count clock
selector

Clear | Activate

Clear signalfrom ___

time-base timer

Clear signal from N

watch prescaler

Sleep mode starts

!

Watchdog Reset Reset

. control —> .

timer counter L signal
circuit

Watchdog timer
clear selector

Overflow

Stop mode starts

Counter clear

Time-base timer/watch mode

Stopping or running in stop mode

FcH : Main clock

Fcri  :Main CR clock
FmcreLL : Main CR PLL clock
FcL : Subclock

FcrL  : Sub-CR clock

starts

control circuit
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o Count clock selector

This selector selects the count clock of the watchdog timer counter.
o Watchdog timer counter

This is a 1-bit counter that uses the output of the time-base timer or of the watch prescaler or of the sub-CR timer as the count
clock.

o Reset control circuit

This circuit generates a reset signal when the watchdog timer counter overflows.
o Watchdog timer clear selector

This selector selects the watchdog timer clear signal.
o Counter clear control circuit

This circuit controls the clearing and stopping of the watchdog timer counter.
a Watchdog timer control register (WDTC)

This register performs setup for activating/clearing the watchdog timer counter as well as for selecting the count clock.
m Input Clock

The watchdog timer uses the output clock of the time-base timer or of the watch prescaler or of the sub-CR timer as the input
clock (count clock).

11.3 Register of Watchdog Timer

Figure 11-2. shows the register of the watchdog timer.
m Register of Watchdog Timer

Figure 11-2. Register of Watchdog Timer

Watchdog timer control register (WDTC)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
» 000Cy [-cst |-cso |- CsP | HWADT|s WTE3 |- WTE2 [ WTE1 [ WTEO |-
Software +RW «RW +RW - ROWX +ROW +ROW =+ ROW +ROW * 00000000g
Hardware - RO/WX  ROWX + R1/WX « R1/WX « ROW +ROW =« ROW +ROW - 00110000g

* R/W:Readable/writable (The read value is the same as the write value.)

RO,W:Write only (Writable. The read value is "0".)

RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
* R1/WX:The read value is always "1". Writing a value to this bit has no effect on operation.

11.3.1 Watchdog Timer Control Register (WDTC)

The watchdog timer control register (WDTC) activates or clears the watchdog timer.
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m  Watchdog Timer Control Register (WDTC)
Figure 11-3. Watchdog Timer Control Register (WDTC)
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Address bit7  bit bt bit4  bit3  bit2  bit!  bit0 Initial value
000CH | CS1 | cso | csP [HwWwDT| WTE3 [ WTE2 [ WTE1 [ WTEQ |

145

Software  R/W R/W

Hardware RO/WX RO/WX R1/WX R1/WX ROW ROW ROW ROW 001100008

RW RO/WX ROW ROW ROW ROW  00000000g

1 | | | |

L.

WTE3 | WTE2 |WTE1| WTEO Watchdog control bits

e Activates software watchdog timer
(at the first write access after a reset)
0 1 0 1 |e Clears watchdog timer
Software: from the second write access after a reset
Hardware: the first write access after a reset

Other than above No effect on operation
» HWWDT Hardware watchdog timer activation bit
1 Hardware watchdog timer is activated
0 Hardware watchdog timer stops
(software watchdog timer can be activated)
CS1 | CSO | CSP Count clock
0 0 0 Output cycle of time-base timer (22'/Fcu, 22°/Fcru or 22%/FumcreL)
0 1 0 Output cycle of time-base timer (22°/Fcn, 2'%/Fcru or 21%/FumcreLL)
1 0 0 Output cycle of watch prescaler (2'4/FcL or 2'4/Fcrd)
1 1 0 Output cycle of watch prescaler (2'3/FcL or 2'%/Fced)
X X 1 Output cycle of sub-CR timer (2'%/Fcr)
R/W : Readable/writable (The read value is the same as the write value.)
RO,W : Write only (Writable. The read value is “0”.)
RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.
R1/WX : The read value is always “1”. Writing a value to this bit has no effect on operation.
X : “0”or 1”
: Initial value for the software watchdog timer
FcH : Main clock
FcrH : Main CR clock
FmcrrL @ Main CR PLL clock
FoL : Subclock
Fcru : Sub-CR clock
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Table 11-2. Functions of Bits in Watchdog Timer Control Register (WDTC)

Bit name Function
< bit7. | CS1, CS0: . » These bits select the count clock of the watchdog timer.
bitg. | * ount dlok switeh | Fes T TS0 [ csp Count clock
.0 |0 |.o [Outputcycle of time-base timer (22"F o, 229/F orpy oF 229
FmcreLL)
.o |-1 |.o [Outputcycle of time-base timer (2%%F cp, 2'9F crpy or 2%
FmcrpLL)
* 1 * 0 |+ 0 |Outputcycle of watch prescaler (214/FC|_ or 214/FCR|_)
« CSP: * 1 1 * 0 |Output cycle of watch prescaler (213/FC|_ or 213/FCRL)
* bit5 |- Countelock select 1. x |- x |- 1 |Output cycle of sub-CR timer (2'%/Fcg()

Write to these bits at the same time as activating the watchdog timer by the watchdog con-
trol bits.

No change can be made once the watchdog timer is activated.

Note:Since the time-base timer is stopped in subclock mode, always select the output of the
watch prescaler in subclock mode. Do not select the output of the watch prescaler for a sin-
gle external clock product.

.

The bit is a read-only bit, used to confirm the start/stop of the hardware watchdog timer.
"1": The hardware watchdog timer has been activated.

» "0": The hardware watchdog timer has stopped (The software watchdog timer can be acti-
vated).

.

HWWDT:

* bit4 |+ Hardware watchdog
activation bit

.

.

These bits are used to control the watchdog timer.

. bit3 |+ WTE3, WTE2, WTET1, |+ Writing "0101g™:Activates the watchdog timer (in first write after reset) or clears it (from
to WTEO: second write after reset).
bitd |« Watchdog control bits |+ Writing other than "0101g™: Has no effect on operation.

When these bits are read, they always return "0000g".

.

Note:
Using the read-modify-write (RMW) type of instruction to access the WDTC register is prohibited.

11.4 Operations of Watchdog Timer and Setting Procedure Example

The watchdog timer generates a watchdog reset when the watchdog timer counter overflows.
m Operations of Watchdog Timer
o How to activate the watchdog timer

Software watchdog
The watchdog timer is activated when "0101g" is written to the watchdog control bits of the watchdog timer control register
(WDTC:WTES3 to WTEQO) for the first time after a reset. The count clock switch bits of the watchdog timer control register
(WDTC:CS1, CS0, CSP) should also be set at the same time.

Once the watchdog timer is activated, a reset is the only way to stop its operation.

Hardware watchdog
To activate the hardware watchdog timer, write any value except "A5964" to the addresses FFBEy and FFBF on the
Flash memory. After a reset, the data in FFBE, and FFBFy on the Flash memory are copied to the watchdog timer selec-
tion ID registers WDTH/WDTL (OFEBy /OFECy). Writing "A597" to the addresses FFBEy and FFBF, on the Flash mem-
ory enables the hardware watchdog timer except in standby modes; writing any value other than "A596" and "A597."

enables the hardware watchdog timer in all modes. See "22. Non-Volatile Register Function (NVR)" for details of the
watchdog timer selection ID.
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Start operation after a reset.
CS1,CS0,CSP bits are read-only bits, fixed at "001g".

The timer is cleared by a reset and resumes operation after the reset is released.
o Clearing the watchdog timer

When the counter of the watchdog timer is not cleared within the interval time, it overflows, allowing the watchdog timer to
generate a watchdog reset.

The counter of the hardware watchdog timer is cleared when "0101g" is written to the watchdog control bits of the watch-
dog timer control register (WDTC:WTES to WTEO). The counter of the software watchdog timer is cleared when "0101g" is

written to the watchdog control bits of the watchdog timer control register (WDTC:WTE3 to WTEO) for the second time
and from the second time onward.

The watchdog timer is cleared at the same time as the timer selected as the count clock (time-base timer or watch pres-
caler) is cleared.

o Operation in standby mode
Regardless of the clock mode selected, the watchdog timer clears its counter and stops the operation when transiting to

standby mode (sleep/stop/time-base timer/watch), except in the case of selecting the hardware activation with the hardware
watchdog timer running in standby mode.

Once released from standby mode, the timer restarts the operation, except in the case of selecting the hardware activation
with the hardware watchdog timer running in standby mode.

Note:

The watchdog timer is also cleared when the timer selected as the count clock (time-base timer or watch prescaler) is
cleared. For this reason, the watchdog timer cannot function if the software is set to repeatedly clear the timer selected as the
count clock of the watchdog timer at the interval time selected for the watchdog timer.

a Interval time

The interval time varies depending on the timing of clearing the watchdog timer. Figure 11-4. shows the correlation between
the timing of clearing the watchdog timer and the interval time when the time-base timer output 221/FCH (Fcn: main clock) is
selected as the count clock (main clock = 4 MHz).
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Figure 11-4. Clearing Timing and Interval Time of Watchdog Timer

Minimum time L 524 ms

|
~ |
Time-base timer | | “ | I I

count clock output

Watchdog cleared

Overflow
Watchdog 1-bit
counter u
Watchdog reset I—I
Maximum time | 1.05s
|\

|
/l
Time-base timer | | | | ' I
count clock output

Watchdog cleared

Overflow
Watchdog 1-bit
counter 1 I
Watchdog reset [

a Operation in subclock mode

When a watchdog reset is generated in subclock mode, the timer starts operating in main clock mode after the oscillation sta-
bilization wait time has elapsed. The reset signal is output during this oscillation stabilization wait time.
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m  Setting Procedure Example

Below is the procedure for setting the software watchdog timer.
1. Select the count clock.(WDTC:CS1, CS0, CSP)
2. Activate the watchdog timer.(WDTC:WTE3 to WTEO = 01015)

3. Clear the watchdog timer.(WDTC:WTE3 to WTEO = 0101p)

Below is the procedure for setting the hardware watchdog timer.

1. Write any value except "A596y" to the addresses FFBEy and FFBFy on the Flash memory. After a reset, the data in
FFBEH and FFBF on the Flash memory are copied to the watchdog timer selection ID registers WDTH/WDTL (OFEBy /
OFECH). Writing "A597" to the addresses FFBE,, and FFBFy on the Flash memory enables the hardware watchdog
timer except in standby modes; writing any value other than "A596" and "A597" enables the hardware watchdog timer
in all modes. See "22. Non-Volatile Register Function (NVR)" for details of the watchdog timer selection ID.

2. Clear the watchdog timer.(WDTC:WTES to WTEO = 0101p).

11.5 Notes on Using Watchdog Timer

This section provides notes on using the watchdog timer.
m Notes on Using Watchdog Timer

a Stopping the watchdog timer
Software watchdog timer

Once activated, the watchdog timer cannot be stopped until a reset is generated.
a Selecting the count clock

Software watchdog timer

The count clock switch bits (WDTC:CS1, CS0, CSP) can be modified only when the watchdog control bits (WDTC:WTE3 to
WTEDQ) are set to "0101g" after the activation of the watchdog timer. The count clock switch bits cannot be set by a bit manip-

ulation instruction. Moreover, the bit settings should not be changed once the timer is activated.
In subclock mode, the time-base timer does not operate because the main clock stops oscillating.

In order to make the watchdog timer operate in subclock mode, it is necessary to select the watch prescaler as the count
clock beforehand and set WDTC:CS1,CS0,CSP to "100g" or "110g" or "XX1g".

a Clearing the watchdog timer

Clearing the counter used as the count clock of the watchdog timer (time-base timer or watch prescaler or sub-CR timer) also
clears the counter of the watchdog timer.

The counter of the watchdog timer is cleared when the watchdog timer transits to the sleep mode, stop mode or watch mode,
except in the case of selecting the hardware activation with the hardware watchdog timer running in standby mode.

o Programming precaution
When creating a program in which the watchdog timer is cleared repeatedly in the main loop, set the processing time of the
main loop including the interrupt processing time to the minimum watchdog timer interval time or shorter.

o Hardware watchdog (with timer running in standby mode)
The watchdog timer does not stop in stop mode, sleep mode, time-base timer mode or watch mode. Therefore, the watchdog

timer is not to be cleared by the CPU even if the internal clock stops. (in stop mode, sleep mode, time-base timer mode or
watch mode).

Regularly release the device from standby mode and clear the watchdog timer. However, depending on the setting of the
oscillation stabilization wait time setting register, a watchdog reset may be generated after the CPU wakes up from stop mode
in subclock mode or sub-CR clock mode.

Take account of the setting of the subclock stabilization wait time when selecting the subclock.
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This chapter describes the functions and operations of the watch prescaler.
12.10verview of Watch Prescaler

12.2Configuration of Watch Prescaler

12.3Register of Watch Prescaler

12.4Interrupts of Watch Prescaler

12.50perations of Watch Prescaler and Setting Procedure Example
12.6Notes on Using Watch Prescaler

12.7Example of Setting Watch Prescaler

12.1 Overview of Watch Prescaler

The watch prescaler is a 16-bit down-counting, free-run counter, which is synchronized with the subclock divided by two or
the sub-CR clock divided by two. It has an interval timer function that continuously generates interrupt requests at regular
intervals.

m Interval Timer Function
The interval timer function continuously generates interrupt requests at regular intervals, using the subclock divided by two as
its count clock.

o The counter of the watch prescaler counts down and an interrupt request is generated whenever the selected interval
time has elapsed.

o The interval time can be selected from the following eight types:

Table 12-1. shows the interval times of the watch prescaler.

Table 12-1. Interval Times of Watch Prescaler

Interval time Interval time

(Sub-CR clock) (Subclock)

(2" x 2/Fcr.™) (2" x 2IF¢."?)
n=10 20.48 ms 62.5 ms
n=11 40.96 ms 125 ms
n=12 81.92 ms 250 ms
n=13 163.84 ms 500 ms
n=14 327.68 ms 1s
n=15 655.36 ms 2s
n=16 1.311s 4s
n=17 2.621s 8s

*1: 2/FcrL = 20 ps when Fgg = 100 kHz
*2: 2/F¢ = 61.035 ps when Fg = 32.768 kHz
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Note:
Refer to the data sheet of the MB95560H/570H/580H Series for the accuracy of the sub-CR clock frequency.

12.2 Configuration of Watch Prescaler

The watch prescaler consists of the following blocks:

Watch prescaler counter

Counter clear circuit

Interval timer selector

Watch prescaler control register (WPCR)

Block Diagram of Watch Prescaler

Figure 12-1. Block Diagram of Watch Prescaler

Watch prescaler counter (counter) Software watchdog timer
-
Fu.dw@ed by 2 %\| %01 | x02 | 03 | x4 | x05 | x08 [ x07 | x28 | x29 [x210|x011 [x012| 013|101 015]| x 016|017
FcRL divided by 2%}
\ /
SYCC:SCM[2:0] Counter clear
SYCC2:SRDY,
SYCC2:SCRDY
Watchdog timer clear €<——@
Resets, or stops )
subclock oscillation or —> Cougitrecruci;tlear Imigllzlctt'g:er
sub-CR clock oscillation
Interrupt
of watch {
prescaler
[wrniF [wTie | - | - [wrc2|[wTC1|wTCo|WCLR |
Watch prescaler control register (WPCR)
FcL : Subclock
FcRL : Sub-CR clock
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o Watch prescaler counter (counter)

This is a 16-bit down-counter that uses the subclock divided by two or the sub-CR clock divided by two as its count clock.
a Counter clear circuit

This circuit controls the clearing of the watch prescaler.
o Interval timer selector

This circuit selects one out of the eight bits used for the interval timer among 16 bits available in the watch prescaler counter.
o Watch prescaler control register (WPCR)

This register selects the interval time, clears the counter, controls interrupts and checks the status.
m Input Clock

The watch prescaler uses the subclock divided by two or the sub-CR clock divided by two as its input clock (count clock).
m  Output Clock

The watch prescaler supplies its clock to the software watchdog timer.

12.3 Register of Watch Prescaler

Figure 12-2. shows the register of the watch prescaler.
m Register of Watch Prescaler

Figure 12-2. Register of Watch Prescaler

Watch prescaler control register (WPCR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
000By|  WTIF|  WTIE - -| wrc2| wrc1[ wrco[ wCLR| 000000005
RRM 1v)v RW  ROWX  RO/WX RIW R/W RW  ROW

R/W:Readable/writable (The read value is the same as the write value.)

R(RM1),W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write (RMW)
type of instruction.)

RO,W:Write only (Writable. The read value is "0".)
RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.)

12.3.1  Watch Prescaler Control Register (WPCR)

The watch prescaler control register (WPCR) is a register used to select the interval time, clear the counter, control interrupts
and check the status of the watch prescaler.
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m  Watch Prescaler Control Register (WPCR)
Figure 12-3. Watch Prescaler Control Register (WPCR)

Watch Prescaler

Address  pjt7 bite bit5 bit4 bit3 bit2 bit1 bit0

000By | WTIF [wTIE| - [ -

Initial value
| wrc2 [wTC1 [ wTCo | WCLR | 000000008

R(RM1),W R/W RO/WX RO/WX R/W R/|W RW  RO,W
»|\WCLR Watch timer initialization bit.
Read Write
No change

0 "0" is always read.

No effect on operation

Clears all counter bits of
the watch prescaler to "1".

Interval time Interval time
HWTC2|WTCH WTCO| o 1y ik Fer=32.768 kHz) | (Sub-CR clock FCRL=100 kHz)
1 0 0 210 x 2/FcL (62.5ms) 210 x 2/FCRL (20.48 ms)
0 0 0 2 x 2/FcL (125 ms) 2" x 2/FCRL (40.96 ms)
0 0 1 212 x 2/FcL (250 ms) 212 x 2/FCRL (81.92 ms)
0 1 0 213 x 2/FcL (500 ms) 213 x 2/FCRL (163.84 ms)
0 1 1 214 x 2/FcL(1 s) 214 x 2/FCRL (327.68 ms)
1 0 1 215 x 2/FcL (2 s) 215 x 2/FCRL (655.36 ms)
1 1 0 216 x 2/FCL (4 s) 216 x 2/FCRL (1.311 s)
1 1 1 217 x 2/FCL(8 S) 217 x 2/FCRL (2.621 s)
» WTIE Interrupt request enable bit

0 Disables interrupt request output.

1 Enables interrupt request output.

Watch interrupt request flag bit

RW
R(RM1),W :

RO,W
RO/WX

WTIF -
Read Write
Interval time has not .
0 elapsed. Clears the bit.
1 Interval time has No change
elapsed. No effect on operation

: Readable/writable (The read value is the same as the write value.)

Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

: Write only (Writable. The read value is “0”.)

: The read value is “0”. Writing a value to this bit has no effect on operation.
: Undefined bit

: Initial value
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Table 12-2. Functions of Bits in Watch Prescaler Control Register (WPCR)

Bit name Function
This bit becomes "1" when the selected interval time of the watch prescaler has elapsed.
_| An interrupt request is generated when this bit and the interrupt request enable bit (WTIE) are
. WTIF: set to "1".
bit7 | Watch interrupt roques Writing "0":Clears this bit to "0".
ag bi
9 Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
This bit enables or disables the output of interrupt requests to interrupt controller.
WTIE: Writing "0":Disables the interrupt request output of the watch prescaler.
bit6 | Interrupt request enable Writing "1":Enables the interrupt request output of the watch prescaler.
bit | An interrupt request is output when this bit and the watch interrupt request flag bit (WTIF) are
setto "1".
bt;t|t54 Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
These bits select the interval time.
wTtez lwTe1 lwreo Interval time Interval time

(Subclock F¢, =32.768 kHz) | (Sub-CR clock Fcg, = 100 kHz)

1 0 0 210 % 2/F ¢ (62.5 ms) 210 % 2/F g, (20.48 ms)

0 0 0 2" % 2/F g (125 ms) 2" x 2/F gL (40.96 ms)

bit3 to WTC2 to WTCO: 0 0 1 2'2x2/Fg (250 ms)|  2'2x 2/Fgp (81.92 ms)

bit1 Watch interrupt interval = e

time select bits 0 1 0 2% 2/FCL (500 ms) 2" x 2/FCRL (16384 ms)

0 1 1 2% % 2/Fq (1s)| 2" x 2/FcR. (327.68 ms)

1 0 1 215 % 2IFqL 2s)| 2" x 2/FcR (655.36 ms)

1 1 0 216 % 2/F¢ (4s) 216 % 2/F R (1.311's)

1 1 1 27 x 2/F¢ (8's) 27 x 2/F Ry (2.6215)
This bit clears all counter bits of the watch prescaler to "1".
Writing "0":Has no effect on operation.
WCLR: Writing "1":Initializes all counter bits to "1".
bitO|  Watch timer initializa- When this bit is read, it always returns "0".
tion bit Note:When the output of the watch prescaler is selected as the count clock of the software
watchdog timer, clearing the watch prescaler with this bit also clears the software watchdog
timer.

12.4 Interrupts of Watch Prescaler

An interrupt request is generated when the selected interval time of the watch prescaler has elapsed (interval timer function).
m Interrupts in Operation of Interval Timer Function (Watch Interrupts)

In any mode except the stop mode in which the subclock mode is used, if the watch prescaler counter counts up using the
source oscillation of the subclock and the time of the interval timer has elapsed, the watch interrupt request flag bit is set to

"1" (WPCR:WTIF = 1). At that time, if the interrupt request enable bit has been enabled (WPCR:WTIE = 1), an interrupt
request (IRQ20) is output from the watch prescaler to the interrupt controller.

o Regardless of the value in the WTIE bit, the WTIF bit is set to "1" as soon as the time set by the watch interrupt interval
time select bits has elapsed.
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o When the WTIF bit is set to "1", changing the WTIE bit from the disable state to the enable state (WPCR:WTIE =0 —
1) immediately generates an interrupt request.

o The WTIF bit will not be set to "1" if the counter is cleared (WPCR:WCLR = 1) at the same time as the selected bit
overflows.

o Write "0" to the WTIF bit in the interrupt service routine to clear an interrupt request to "0".
Note:

To enable the output of interrupt requests after releasing a reset, set the WTIE bit in the WPCR register to "1" and clear the
WTIF bit in the same register simultaneously.

m Interrupts of Watch Prescaler

Table 12-3. Interrupts of Watch Prescaler

Item Description

Interrupt condition Interval time set by "WPCR:WTC2 to WTCOQ" has elapsed.

Interrupt flag WPCR:WTIF

WPCR:WTIE

Interrupt enable

m Register and Vector Table Addresses Related to Interrupts of Watch Prescaler

Table 12-4. Register and Vector Table Addresses Related to Interrupts of Watch Prescaler

Interrupt Interrupt level setting register Vector table address
Interrupt source - - -
request no. Register Setting bit Upper Lower
Watch prescaler IRQ20 ILR5 L20 FFD2y FFD3y

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

12.5

The watch prescaler operates as an interval timer.

Operations of Watch Prescaler and Setting Procedure Example

m Operations of Interval Timer Function (Watch Prescaler)

The counter of the watch prescaler continues to count down using the subclock divided by two as its count clock as long as
the subclock oscillates.

When cleared (WPCR:WCLR = 1), the counter starts counting down from "FFFF4". Once it reaches "00004", it returns to
"FFFFQ" to continue counting. As soon as the time set by the interrupt interval time select bits has elapsed during the count-
ing down, the watch interrupt request flag bit (WPCR:WTIF) is set to "1" in any mode except the stop mode in which the sub-
clock mode is used. In other words, a watch interrupt request is generated at every selected interval time, based on the time
when the counter was last cleared.

m Clearing Watch Prescaler

If the watch prescaler is cleared, other peripheral functions that are using the watch prescaler output are affected by changes
in count time and by other factors.

When clearing the counter using the watch prescaler initialization bit (WPCR:WCLR), modify the settings of other peripheral
functions so that clearing the counter does not have any unexpected effect on them.

When the output of the watch prescaler is selected as the count clock, clearing the watch prescaler also clears the watchdog
timer.

The watch prescaler is cleared not only by the watch prescaler initialization bit (WPCR:WCLR) but also when the subclock is
stopped and the oscillation stabilization wait time is necessary. The watch prescaler is cleared in the following situations:

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 156



CYPRESS

Embedded in Tomorrow

Watch Prescaler

7 When the device transits from the subclock mode or sub-CR clock mode to the stop mode

o When the subclock oscillation enable bits in the system clock control register2 (SYCC2:SOSCE or SCRE) is set to "0"
in main clock mode or main CR clock mode

In addition, the counter of the watch prescaler is cleared and stops operating when a reset is generated.
m Operation Example of Watch Prescaler

Figure 12-4. shows an operation example under the following conditions:
1) When a power-on reset occurs

2) When the device transits to the sleep mode during the operation of the interval timer function in subclock mode or sub-CR
clock mode

3) When the device transits to the stop mode during the operation of the interval timer function in subclock mode or sub-CR
clock mode

4) When a request for clearing the counter is issued

The same operation is performed when changing to the watch mode as for when changing to the sleep mode.

Figure 12-4. Watch Prescaler Operation Example

Counter value
(count down)

FrFF]

Count value detected in
WATR:SWT3 to SWTO \

Count value detected in
WPCR:WTC2 to WTCO Interval cycle
(WPCR:WTC2 to WTC0=011g)
0000H
Subclock oscillation iti Subclock oscillation
Cleared by transition
stabilization wait time 4) Counter cleared to sto; mode” stabilization wait time
(WP(_)R:WCLF(=1) \ \
1) Power-on reset H ¢ 1
Cleared at interval Cleared in in'terrupt
setting service\broutine
WTIF bit _I
WTIE bit
Sleep
2) SLP bit Sleep mode
(STBC register) released Stop
by watch interrupt
3) STP bit

(STBC register)

Stop mode released by external interrupt
* When setting interval time select bits in the watch prescaler control register (WPCR:WTC2 to WTCO) to "011g" (2'4 x 2/FcL)

* WPCR:WTC2 to WTCO : Interval time select bits in watch prescaler control register

* WPCR:WCLR : Watch timer initialization bit in watch prescaler control register

* WPCR:WTIF : Watch interrupt request flag bit in watch prescaler control register

* WPCR:WTIE : Watch interrupt request enable bit in watch prescaler control register
* STBC:SLP : Sleep bit in standby control register

* STBC:STP : Stop bit in standby control register

* WATR:SWT3 to SWTO : Subclock oscillation stabilization wait time select bits in oscillation stabilization wait time setting register
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m Setting Procedure Example

Below is an example of procedure for setting the watch prescaler.
o Initial settings
1.Set the interrupt level.(ILR5)
2.Set the interval time.(WPCR:WTC2 to WTCO)
3.Enable interrupts.(WPCR:WTIE = 1)
4 .Clear the counter.( WPCR:WCLR = 1)
o Processing interrupts
1.Clear the interrupt request flag.(WPCR:WTIF = 0)
2.Process an interrupt.

12.6 Notes on Using Watch Prescaler

This section provides notes on using the watch prescaler.
m Notes on Using Watch Prescaler
0  When setting interrupt processing in a program
The watch prescaler cannot be waken up from interrupt processing if the watch interrupt request flag bit (WPCR:WTIF) is set
to "1" and the interrupt request is enabled (WPCR:WTIE = 1). Always clear the WTIF bit in the interrupt routine.
a1  Clearing the watch prescaler

When the watch prescaler is selected as the count clock of the software watchdog timer (WDTC:CS1, CS0, CSP = 100g or
110p), clearing the watch prescaler also clears the software watchdog timer.

o Watch interrupts

In stop mode in which the main clock is used, the watch prescaler performs counting, and can also be made to wait for the
end of subclock/sub-CR clock oscillation stabilization wait time before starting to perform counting. To make the prescaler wait
for the end of subclock oscillation stabilization wait time or that of sub-CR clock oscillation stabilization wait time, set
SYCC2:SOSCE or SYCC2:SCRE to "1" respectively. In addition, in the same mode, the watch prescaler can generate the
watch prescaler interrupt (IRQ20).

o Peripheral functions receiving clock from the watch prescaler

If the counter of the watch prescaler is cleared when the output of the watch prescaler is used in other peripheral functions,
the operations of such peripheral functions may be affected such as the changing of their operating cycles.

After the counter of the watch prescaler is cleared, the clock for the software watchdog timer output from the watch prescaler
returns to the initial state. However, since the software watchdog timer counter is also cleared at the same time as the clock
for the software watchdog timer returns to the initial state, the software watchdog timer operates in its normal cycle.

12.7 Example of Setting Watch Prescaler

This section describes the example of setting watch prescaler.
m  Example of Setting Methods
o How to initialize the watch prescaler

The watch timer initialization bit (\(WPCR:WCLR) is used.

Action Watch timer initialization bit (WCLR)

To initialize the watch prescaler is bitWrite "1" to th

o How to select the interval time

The watch interrupt interval time select bits (WPCR:WTC2 to WTCO) are used to select the interval time.

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 158



CYPRESS

Embedded in Tomorrow

Watch Prescaler

o Interrupt-related register

The interrupt level setting register shown in the following table is used to select the interrupt level.

Interrupt source Interrupt level setting register Interrupt vector
Watch | Interrupt level setting register (ILR5) #20
atc rescaler
P Address: 0007Ey, Address: OFFD2,,

o How to enable/disable/clear interrupts

The interrupt request enable bit (WPCR:WTIE) is used to enable/disable interrupts.

Action Interrupt request enable bit (WTIE)
To disable interrupt requests Write "0" to this bit
To enable interrupt requests Write "1" to this bit

The watch interrupt request flag (WPCR:WTIF) is used to clear interrupt requests.

Action Watch interrupt request flag (WTIF)

To clear interrupt requests Write "0" to this bit
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This chapter describes the functions and operations of the wild register function.
13.10verview of Wild Register Function

13.2Configuration of Wild Register Function

13.3Registers of Wild Register Function

13.40perations of Wild Register Function

13.1  Overview of Wild Register Function

The wild register function can be used to patch bugs in a program with addresses and amendment data, both of which are to be
set in built-in registers.
This section describes the wild register function.

m  Wild Register Function
The wild register consists of three wild register data setting registers, three wild register address setting registers, a 1-byte
address compare enable register and a 1-byte wild register data test setting register. If addresses and data that are to be

modified are set to these registers, data of the Flash memory can be replaced with modification data set in the registers. Data
of up to three different addresses can be modified.

The wild register function can be used to debug a program after creating the mask and to patch bugs in the program.

13.2 Configuration of Wild Register Function

The block diagram of the wild register is shown below. The wild register consists of the following blocks:

m  Memory area block
Wild register data setting register (WRDRO0 to WRDR2)
Wild register address setting register (WRARO to WRARZ2)
Wild register address compare enable register (WREN)
Wild register data test setting register (WROR)

m Control circuit block
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m Block Diagram of Wild Register Function

Figure 13-1. Block Diagram of Wild Register Function
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o  Memory area block

The memory area block consists of the wild register data setting registers (WRDR), wild register address setting registers
(WRAR), wild register address compare enable register (WREN) and wild register data test setting register (WROR). The wild
register function is used to specify the addresses and data that need to be replaced. The wild register address compare
enable register (WREN) enables the wild register function for each wild register data setting register (WRDR). In addition, the
wild register data test setting register (WROR) enables the normal read function for each wild register data setting register
(WRDR).

7 Control circuit block

This circuit compares the actual address data with addresses set in the wild register address setting registers (WRAR). If they
match, the circuit outputs the data from the wild register data setting register (WRDR) to the data bus. The operation of the
control circuit block is controlled by the wild register address compare enable register (WREN).

13.3 Registers of Wild Register Function

The registers of the wild register function include the wild register data setting registers (WRDR), wild register address setting
registers (WRAR), wild register address compare enable register (WREN) and wild register data test setting register (WROR).
m  Registers of Wild Register Function

Figure 13-2. Registers of Wild Register Function

Wild register data setting registers (WRDRO to WRDR2)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

* WRDRO * OF82y [+ RD7 |- RD6 |+ RD5 |- RD4 |- RD3 |+ RD2 [+ RD1 |+ RDO |+ 000000005
* WRDR1 * OF85y *RW +RW +RW +RW +RW +RW +RW +RW -
- WRDR2 * OF88y . . . . . . . . .

Wild register address setting registers (WRARO to WRAR2)

Address bit15 bit14 bit13 bit12 bit11 bit10  bit9  bit8 Initial value
- WRARO * OF80y, OF81y |+ RA15 |+ RA14 |+ RA13 |- RA12 |- RA11 |- RA10 |- RA9 |- RA8 |+ 00000000g
+ WRART * OF83;, 0F84y «RW +RW +RW +RW +«RW +RW +RW +RW -
+ WRAR2 * OF86, OF87 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
« RA7 |- RA6 [- RA5 |- RA4 |- RA3 |+ RA2 |- RA1 [- RAO [+ 000000005
. . *RW +RW +RW -RW -RW +RW +RW +RW -
Wild register address compare enable register (WREN)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

. . . * Reserv|e Reserv|s Reserv|, . . .
00764, Re Re Re EN2 |- EN1 |- ENO |+ 00000000g
. . *ROZ = ROF . pawg « RWO « RWO « RW  « RW  « RIW  »

WX WX

. . . . . . . . . . .

Wild register data test setting register (WROR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd0 Initial value

. . . * Reserv|e Reserv|+ Reserv|, . . .
0077y - - ed ed ed DRR2 |+ DRR1 |+ DRRO |* 000000005
. . * RO/ * RO/ . . . . . . .
WX WX R/W0O « R/WO « RWO « R/W R/W R/W

R/W:Readable/writable (The read value is the same as the write value.)

R/WO0:The write value is "0". The read value is the same as the write value.

RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
--lindefined bit

e o o o
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m  Wild Register Number

Wild Register Function

A wild register number is assigned to each wild register address setting register (WRAR) and each wild register data setting
register (WRDR).

Table 13-1. Wild Register Numbers Corresponding to Wild Register Address Setting Registers and Wild Register Data

Setting Registers

Wild register Wild register address setting register Wild register data setting register
number (WRAR) (WRDR)
<0 « WRARO « WRDRO
o1 « WRAR1 « WRDR1
e 2 « WRAR2 « WRDR2
13.3.1  Wild Register Data Setting Registers

(WRDRO to WRDR2)

The wild register data setting registers (WRDRO to WRDR2) use the wild register function to specify the data to be amended.
m  Wild Register Data Setting Registers (WRDRO to WRDR2)

Figure 13-3. Wild Register Data Setting Registers (WRDRO to WRDR?2)

WRDRO

Address  bit7  bit6  bit5 bit3  bit2  bit1  bit0 Initial value
« OF82y + RD7 |- RD6 |+ RD5 - RD3 [+ RD2 |+ RD1 [+ RDO |+ 00000000g
. *RW -+ RW - RW *RW -RW -RW -RW -
WRDR1

Address  bit7  bit6  bit5 bit3  bit2  bit1  bit0 Initial value
- OF85y - RD7 |- RD6 |+ RD5 - RD3 |- RD2 |- RD1 |+ RDO |+ 00000000g
. *RW +RW -RW *RW <RW -RW -RW -
WRDR2

Address bit7  bité  bit5 bit3  bit2  bit1 bit0  Initial value
+ OF88y [+ RD7 |- RD6 |+ RD5 [- RD3 [+ RD2 [+ RD1 [+ RDO |+ 00000000g
. *RW < RW +RW *RW <RW -RW -RW -

. .

. .

. .

» R/W:Readable/writable (The read value is the same as the write value.)

. .

Table 13-2. Functions of Bits in Wild Register Data Setting Register (WRDR)

» The read access to one of these bits is enabled only when the data test setting bit in the
wild register data test setting register (WROR) corresponding to the bit to be read is set to

-

Bit name Function
» These bits specify the data to be amended by the wild register function.
» These bits are used to set the amendment data at the address assigned by the wild register
« bit7 |+ RD7 to RDO: address setting register (WRAR). Data is valid at an address corresponding to one of the
to + Wild register data set- | wild register numbers.
bitd | ting bits
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13.3.2  Wild Register Address Setting Registers
(WRARO to WRAR2)

The wild register address setting registers (WRARO to WRAR?2) set the address to be amended by the wild register function.
m  Wild Register Address Setting Registers (WRARO0 to WRAR2)

Figure 13-4. Wild Register Address Setting Registers (WRARO to WRAR?2)

WRARO

Address  bit15 bit14 bit13 bit12 bit11  bit10  bit9 bit8  Initial value
- OF80y [+ RA15 |- RA14 |+ RA13 [+ RA12 |+ RA11 [- RA10 [+ RA9 [+ RA8 |+ 000000005
. “RW -RW -RW -RW -RW -RW +«RW +«RW -

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

- OF81y [+ RA7 |- RA6 |+ RA5 |- RA4 |+ RA3 [- RA2 |- RA1 [+ RAO |+ 000000005
. *RW -RW -RW -RW +RW +RW +RW +RW -
WRAR1

Address  bit15 bit14 bit13 bit12 bit11 bit10  bit9 bit8 Initial value
- OF83, [+ RA15 |- RA14 |+ RA13 [+ RA12 |+ RA11 [+ RA10 [+ RA9 [+ RA8 |+ 000000005
. “RW +RW +RW +RW +RW -RW +RW +RW -

. . . . . . . . . .

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd0 Initial value

- OF84y, [+ RA7 |- RA6 |+ RA5 |+ RA4 |+ RA3 [- RA2 |+ RA1 [+ RAO |+ 000000005
. “RW +RW +RW +RW +RW -RW +RW +RW -
WRAR2

Address  bit15 bit14 bit13 bit12 bit11  bit10  bit9 bit8  Initial value
- OF86y [+ RA15 |- RA14 |+ RA13 [+ RA12 |+ RA11 [- RA10 [+ RA9 [+ RA8 |+ 000000005
. “RW -RW -RW -RW -RW +RW +«RW +«RW -

Address bit7  bit6  bit5  bit4  bit3  bit2  bit1 bit0  Initial value
- OF87y [+ RA7 |- RA6 |+ RA5 |- RA4 |+ RA3 [- RA2 |- RA1 [+ RAO |+ 000000005
. ‘RW +RW -RW +RW <RW +«RW <RW +RW -

. . . . . . . . . .

» R/W:Readable/writable (The read value is the same as the write value)

Table 13-3. Functions of Bits in Wild Register Address Setting Register (WRAR)

Bit name Function
. bit15 | + RA15 to RAO: » These bits set the address to be amended by the wild register function.
to |+ Wild register éddress » The address to be assigned to amendment data is set to these bits. The address is to be
bit0 i regl specified according to the wild register number corresponding to a wild register address
setting bits setting register.
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13.3.3

Wild Register Address Compare Enable Register (WREN)

Wild Register Function

The wild register address compare enable register (WREN) enables/disables the operations of wild register functions using
their respective wild register numbers.

m  Wild Register Address Compare Enable Register (WREN)

Figure 13-5.

Wild Register Address Compare Enable Register (WREN)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

. . . * Reserv|+ Reserv|s Reserv|, . . .
0076y ed ed ed EN2 EN1 ENO 000000005
+ RO/« RO/
. WX wx ° RWO -RWO -RWO «RW «RW -RW -

. . . . . . . . . .

* R/W:Readable/writable (The read value is the same as the write value.)
* R/WO0:The write value is "0". The read value is the same as the write value.

* RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
dlndafinad hit

Table 13-4. Functions of Bits in Wild Register Address Compare Enable Register (WREN)

bit3

to » Reserved bits

Bit name Function
: E:g » Undefined bits » Their read values are always "0". Writing values to these bits has no effect on operation.
* bits

Always set these bits to "0".

« bit2 |+ EN2, EN1, ENO:

to |+ Wild register address . .
bit0 compare enable bits | * EN2 corresponds to wild register number 2.

.

These bits enable/disable the operation of the wild register.
ENO corresponds to wild register number 0.
* EN1 corresponds to wild register number 1.

.

Writing "0": Disables the operation of the wild register function.
Writing "1": Enables the operation of the wild register function.

13.3.4

Wild Register Data Test Setting Register (WROR)

The wild register data test setting register (WROR) enables/disables data reading from the corresponding wild register data
setting register (WRDRO to WRDR?2).

m  Wild Register Data Test Setting Register (WROR)

Figure 13-6.

Wild Register Data Test Setting Register (WROR)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
* 0077y - |- | Reserv|s Reserve Resenvl. prrao|. DRR1 [+ DRRO [+ 00000000
. "ROCRY .RWO - RWO - RWO +RW +RW - RW -

» R/W:Readable/writable (The read value is the same as the write value.)
* R/WO0:The write value is "0". The read value is the same as the write value.

* RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
Alndafinad hit
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Writing "1": Enables reading.

Bit name Function

: g:g » Undefined bits * Their read values are always "0". Writing values to these bits has no effect on operation.
* bits

to * Reserved bits » Always set these bits to "0".

bit3

» These bits enable/disable the normal reading from the corresponding data setting register
of the wild register.

. bit2 | * DRR2, DRR1, DRRO: |* DRRO enables/disables reading from the wild register data setting register (WRDRO).

to |- Wild register data test |* DRR1 enables/disables reading from the wild register data setting register (WRDR1).

bitd | setting bits .

DRR2 enables/disables reading from the wild register data setting register (WRDRZ2).
Writing "0": Disables reading.

13.4 Operations of Wild Register Function

This section describes the procedure for setting the wild register function.

m  Procedure for Setting Wild Register Function

Prepare a program that can read the value to be set in the wild register from external memory (e.g. EEPROM or FRAM) in the
user program before using the wild register function. The setting method for the wild register is shown below.

This section does not include information on the method of communications between the external memory and the device.
Write the address of the built-in ROM code that will be modified to the wild register address setting register (WRARO to

a

WRAR?2).

Write a new code to the wild register data setting register (WRDRO to WRDR2) corresponding to the wild register
address setting register to which the address has been written.

Write "1" to the EN bit in the wild register address compare enable register (WREN) corresponding to the wild register
number to enable the wild register function represented by that wild register number.

Table 13-6. shows the procedure for setting the registers of the wild register function.

Table 13-6. Procedure for Setting Registers of Wild Register Function

Step Operation Operation example
. Read repl t data fi ioheral functi t + Suppose the built-in ROM code to be modified is at the
<1 sicejg tr:’fopua(r:meyggrtai?] 20:T?rr‘rr11ua|'1ipc:|;|igneéaet#c?§ lon out- address F011,, and the data to be modified is "B5y", and
¢ ' there are three built-in ROM codes to be modified.
.2 + Write the replacement address to a wild register address |+ Set wild register address setting registers (WRARO =
setting register (WRARO to WRAR2). FO11y, WRAR1 = .., WRAR2 = ...).
» Write a new ROM code (replacement for the built-in . ; ; ; ; -
3 ROM code) to a wild register data setting register Sgt thv‘?,}’{"g‘é{ﬁeg'Ste\;vdRaE,aRszeE'”? registers (WRDRO
(WRDRO to WRDR2). H: e
+ Setting bit 0 of the address compare enable register
(WREN) to "1" enables the wild register function of the
wild register number 0. If the address matches the value
. e : : set in the wild register address setting register (WRAR),
Enable the EN bit in the wild register address compare the value of the wild register data setting register
* 4 enable register (WREN) corresponding to the wild regis- : . e
ter number of the wild register function used (WRDR) will be replaced with the built-in ROM code.

: When replacing more than one built-in ROM code,
enable the related EN bits in the wild register address
compare enable register (WREN) corresponding to
respective built-in ROM codes.
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m  Wild Register Function Applicable Addresses

The wild register function can be applied to all address space except the address "0078".

Wild Register Function

Since the address "00784" is used as a mirror address for the register bank pointer and the direct bank pointer, this address

cannot be patched.

13.5 Typical Hardware Connection Example

Below is an example of typical hardware connection for the application of the wild register function.

m Hardware Connection Example

Figure 13-7. Typical Hardware Connection Example
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This chapter describes the functions and operations of the 8/16-bit composite timer.
14.10verview of 8/16-bit Composite Timer

14.2Configuration of 8/16-bit Composite Timer

14.3Channels of 8/16-bit Composite Timer

14.4Pins of 8/16-bit Composite Timer

14.5Registers of 8/16-bit Composite Timer

14.6Interrupts of 8/16-bit Composite Timer

14.70peration of Interval Timer Function (One-shot Mode)
14.80peration of Interval Timer Function (Continuous Mode)
14.90peration of Interval Timer Function (Free-run Mode)
14.100peration of PWM Timer Function (Fixed-cycle Mode)
14.110peration of PWM Timer Function (Variable-cycle Mode)
14.120peration of PWC Timer Function

14.130peration of Input Capture Function

14.140peration of Noise Filter

14.15States in Each Mode during Operation

14.16Notes on Using 8/16-bit Composite Timer

14.1 Overview of 8/16-bit Composite Timer

The 8/16-bit composite timer consists of two 8-bit counters. It can be used as two 8-bit timers, or as a 16-bit timer if the two
counters are connected in cascade.

The 8/16-bit composite timer has the following functions:

m Interval timer function

m  PWM timer function

m  PWC timer function (pulse width measurement)

m Input capture function
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m Interval Timer Function (One-shot Mode)

When the interval timer function (one-shot mode) is selected, the counter starts counting from "004" as the timer is started.

When the counter value matches the value of the 8/16-bit composite timer 00/01 data register, the timer output is inverted, an
interrupt request occurs, and the counter stops counting.

m Interval Timer Function (Continuous Mode)

When the interval timer function (continuous mode) is selected, the counter starts counting from "004" as the timer is started.

When the counter value matches the value of the 8/16-bit composite timer 00/01 data register, the timer output is inverted, an
interrupt request occurs, and the counter counts from "004" again. The timer outputs square wave as a result of this repeated

operation.
m Interval Timer Function (Free-run Mode)

When the interval timer function (free-run mode) is selected, the counter starts counting from "004". When the counter value

matches the value of the 8/16-bit composite timer 00/01 data register, the timer output is inverted and an interrupt request
occurs. Under these conditions, if the counter continues to count and reaches "FFy", it restarts counting from "004". The timer

outputs square wave as a result of this repeated operation.
m PWM Timer Function (Fixed-cycle Mode)

When the PWM timer function (fixed-cycle mode) is selected, a PWM signal with a variable "H" pulse width is generated in
fixed cycles. The cycle is fixed at "FFy" in 8-bit operation or at "FFFFy" in 16-bit operation. The time is determined by the

count clock selected. The "H" pulse width is specified by setting a specific register.
m  PWM Timer Function (Variable-cycle Mode)

When the PWM timer function (variable-cycle mode) is selected, two 8-bit counters are used to generate an 8-bit PWM signal
of variable cycle and duty depending on the cycle and "L" pulse width specified by registers.

In this operating mode, since the two 8-bit counters have to be used separately, the composite timer cannot operate as a 16-
bit counter.

m PWC Timer Function
When the PWC timer function is selected, the width and cycle of an external input pulse can be measured.

In this operating mode, the counter starts counting from "004" immediately after a count start edge of an external input signal

is detected. Afterward, when a count end edge is detected, the counter transfers its value to a register to generate an inter-
rupt.

m Input Capture Function

When the input capture function is selected, the counter value is stored in a register immediately after the detection of an
edge of an external input signal.

This function is available in either free-run mode or clear mode for count operation.

In clear mode, the counter starts counting from "004", and transfers its value to a register to generate an interrupt after an
edge is detected. Afterward, the counter restarts counting from "004".

In free-run mode, the counter transfers its value to a register to generate an interrupt immediately after the detection of an
edge. Afterward, unlike in clear mode, the counter continues to count without being cleared to "004".
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14.2 Configuration of 8/16-bit Composite Timer

The 8/16-bit composite timer consists of the following blocks:

8-bit counter x 2 channels

8-bit comparator (including a temporary latch) x 2 channels

8/16-bit composite timer 00/01 data register x 2 channels (TOODR/T01DR), (T10DR/T11DR)

8/16-bit composite timer 00/01 status control register 0 x 2 channels (TOOCR0/T01CRO0), (T10CR0/T11CRO0)
8/16-bit composite timer 00/01 status control register 1 x 2 channels (TOOCR1/T01CR1), (T10CR1/T11CR1)
8/16-bit composite timer 00/01 timer mode control register (TMCRO), (TMCR1)

Output controller x 2 channels

Control logic x 2 channels

Count clock selector x 2 channels

Edge detector x 2 channels

Noise filter x 2 channels
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m Block Diagram of 8/16-bit Composite Timer

Figure 14-1. Block Diagram of 8/16-bit Composite Timer

8/16-Bit Composite Timer

ECO
(EC1)

TOOCRO
(T10CRO

)|IFE|C2|C1 |colF3|F2]F1]Fo]

Timer 00(Timer 10)

TO1CRO

(T11CR0)|IFE|02|C1 |colFa[F2|F1]Fo]

.

Timer 01(Timer 11)

16-bit mode clock

CK00—p| _bi
Clocks from — | 8-bit counter |
: prescaler{ Lo Count Timer output
Time Base Timer cxos——p| clock 9 v DTOOO(TO10)
selector 'g’ | 8-bit comparator i > OL:tp:Jlt
CcKo7 3 controfler —» enoo
£ 7'y
3
| 8-bit data register |
— Noise Edge
Ecoo L filter detector 1—
(EC10) N
Tilo |
1) v v
IsTAlHO] IE | IR [ BF| IF [SO] OE]|
TOOCR1 | .
(T10CR1) IRQO5(IRQ22)
IRQ
TMCRO(TMCR1) . logic IRQO6(IRQ14)
| To1|T00] TIS [MODJFE11[FE10[FEO1[FEOO| ﬂ—"qebit mode control signal -

I
I
I
I
I
I
1
I
! | 8-bit counter |
I CK10 —p]
Clocks from ™
: prescaler/ : %E)UCT v Timer output
1 i . . a v
| Time Base ¢ selector || £, : N —»[ ] To01(TO11)
1 Timer o | 8-bit comparator | controller
! CK17 5 7Y —> ENO1
| Ext | g A A
| xternal
1 input © | 8-bit data register |
L Edge
: ECO1 detector 1—
I (EC11) W[
I
I
1
I
TO1CR1
: (T11CR1)|STA|HO| IE | IR|BF| IF [sO|OE]|
I | N VR W
I

Note: Names in parentheses are those used in timer 10 and timer 11.

o 8-bit counter

This counter serves as the basis for various timer operations. It can be used either as two 8-bit counters or as a 16-bit coun-

ter.

o 8-bit comparator

The comparator compares the value in the 8/16-bit composite timer 00/01 data register and that in the counter. It incorporates
a latch that temporarily stores the 8/16-bit composite timer 00/01 data register value.
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o 8/16-bit composite timer 00/01 data register (TOODR/T01DR)
[8/16-bit composite timer 10/11 data register (T10DR/T11DR) in timer 10/11]

The 8/16-bit composite timer 00/01 data register is used to write the maximum value counted during interval timer operation or
PWM timer operation and to read the count value during PWC timer operation or input capture operation.
a  8/16-bit composite timer 00/01 status control registers 0 (TOOCRO/T01CRO)
[8/16-bit composite timer 10/11 status control registers 0 (T10CRO/T11CRO) in timer 10/11]
These registers are used to select the timer operating mode and the count clock, and to enable or disable IF flag interrupts.
a  8/16-bit composite timer 00/01 status control registers 1 (TOOCR1/T01CR1)
[8/16-bit composite timer 10/11 status control registers 1 (T10CR1/T11CR1) in timer 10/11]
These registers are used to control interrupt flags, timer output, and timer operation.
a  8/16-bit composite timer 00/01 timer mode control register (TMCRO)
[8/16-bit composite timer 10/11 timer mode control register (TMCR1) in timer 10/11]
This register is used to select the noise filter function, 8-bit or16-bit operating mode, and signal input to timer 00 and to indi-
cate the timer output value.
a  Output controller
The output controller controls timer output. The timer output is supplied to the external pin when the pin output has been
enabled.
a Control logic

The control logic controls timer operation.

a Count clock selector
The selector selects the counter operating clock signal from different prescaler output signals (divided machine clock signal
and time-base timer output signal).

o Edge detector
The edge detector selects the edge of an external input signal to be used as an event for PWC timer operation or input cap-
ture operation.

a Noise filter

This filter serves as a noise filter for external input signals. The filter function can be selected from "H" pulse noise elimination,
"L" pulse noise elimination, and "H"/"L"-pulse noise elimination.
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a TIO internal pin (internally connected to the LIN-UART, only available on ch. 0 of the MB95560H/580H Series)

The TIIO pin serves as the signal input pin for timer 00 on channel 0. Nonetheless, it is connected to the LIN-UART inside the
chip. For information about how to use the pin, see "CHAPTER 16 LIN-UART". In addition, the TIIO pin for timer 00 on chan-
nel 1 is internally fixed to "0".

m Input Clock

The 8/16-bit composite timer uses the output clock from the prescaler as its input clock (count clock).

14.3 Channels of 8/16-bit Composite Timer

This section describes the channels of the 8/16-bit composite timer.
m  Channels of 8/16-bit Composite Timer

The MB95560H Series contains two channels of 8/16-bit composite timer.

In a channel, there are two 8-bit counters. They can be used as two 8-bit timers or one 16-bit timer. The following table lists
the external pins and registers corresponding to each channel.

Table 14-1. 8/16-bit Composite Timer Channels and Corresponding External Pins
(MB95560H Series)

Channel Pin name Pin function
TOO00 Timer 00 output
0 TOO1 Timer 01 output
ECO Timer 00 input and timer 01 input
TO10 Timer 10 output
1 TO1M Timer 11 output
EC1 Timer 10 input and timer 11 input

Table 14-2. 8/16-bit Composite Timer Channels and Corresponding Registers
(MB95560H Series)

Channel abll‘)‘:g\ll?:tai:n Corresponding register (Name in this manual)

TOOCRO 8/16-bit composite timer 00 status control register 0
TO1CRO 8/16-bit composite timer 01 status control register 0
TOOCR1 8/16-bit composite timer 00 status control register 1

0 TO1CR1 8/16-bit composite timer 01 status control register 1
TOODR 8/16-bit composite timer 00 data register
TO1DR 8/16-bit composite timer 01 data register
TMCRO 8/16-bit composite timer 00/01 timer mode control register
T10CRO 8/16-bit composite timer 10 status control register 0
T11CRO 8/16-bit composite timer 11 status control register 0
T10CR1 8/16-bit composite timer 10 status control register 1

1 T11CR1 8/16-bit composite timer 11 status control register 1
T10DR 8/16-bit composite timer 10 data register
T11DR 8/16-bit composite timer 11 data register
TMCR1 8/16-bit composite timer 10/11 timer mode control register

In the following sections in this chapter, only details of channel 0 of the 8/16-bit composite timer are provided.
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Channel 0 and channel 1 are the same. The 2-digit number in the pin names and register names corresponds to channel and
timer. The first number represents the channel and the second one the timer.

The MB95570H/580H Series contains two channels of 8/16-bit composite timer.
In a channel, there are two 8-bit counters. They can be used as two 8-bit timers or one 16-bit timer. The following table lists

the external pins and registers corresponding to each channel.

Table 14-3. 8/16-bit Composite Timer Channels and Corresponding External Pins
(MB95570H/580H Series)

Channel Pin name Pin function
TOO00 Timer 00 output
0 TOO01 Timer 01 output
ECO Timer 00 input and timer 01 input

Table 14-4. 8/16-bit Composite Timer Channels and Corresponding Registers
(MB95570H/580H Series)

Channel abT):S\I/?::iLn Corresponding register (Name in this manual)

TOOCRO 8/16-bit composite timer 00 status control register 0
TO1CRO 8/16-bit composite timer 01 status control register 0
TOOCR1 8/16-bit composite timer 00 status control register 1

0 TO1CR1 8/16-bit composite timer 01 status control register 1
TOODR 8/16-bit composite timer 00 data register
TO1DR 8/16-bit composite timer 01 data register
TMCRO 8/16-bit composite timer 00/01 timer mode control register

The 2-digit number in the pin names and register names corresponds to channel and timer. The first number represents the
channel and the second one the timer.

14.4 Pins of 8/16-bit Composite Timer

This section describes the pins of the 8/16-bit composite timer.
m Pins of 8/16-bit Composite Timer
The external pins of the 8/16-bit composite timer are TO00, TO01, TO10, TO11, ECO and ECA1. TIIO is for internal chip con-
nection.

o TOO0O0 pin

TOO00:
This pin serves as the timer output pin for timer 00 in 8-bit operation or for timers 00 and 01 in 16-bit operation. When the out-
put is enabled (TOOCR1:OE = 1) in the interval timer function, PWM timer function, or PWC timer function, this pin becomes
an output pin automatically regardless of the port direction register (DDRO:bit5) and functions as the timer output TOO0O pin.
The output becomes undetermined if output is enabled with the input capture function in use.

o TOO01 pin

TOO01:
This pin serves as the timer output pin for timer 01 in 8-bit operation. When the output is enabled (TO1CR1:0E = 1) in interval

timer function, PWM timer function (fixed-cycle mode), or PWC timer function, the pin becomes an output pin automatically
regardless of the port direction register (DDRO:bit6) and functions as the timer output TO01 pin.
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In 16-bit operation, if output is enabled with the PWM timer function (variable-cycle mode) or input capture function in use, the
output becomes undetermined.

o ECO pin
The ECO pin is connected to the EC00 and ECO01 internal pins.
ECO00 internal pin:
This pin serves as the external count clock input pin for timer 00 when the interval timer function or PWM timer function is

selected, or as the signal input pin for timer 00 when the PWC timer function or input capture function is selected. The pin
cannot be set to serve as the external count clock input pin when the PWC timer function or input capture function is selected.

To use the input function mentioned above, set the bit in the port direction register corresponding to ECO pin to "0" to make
the pin as an input port.

ECO01 internal pin:
This pin serves as the external count clock input pin for timer 01 when the interval timer function or PWM timer function is

selected, or as the signal input pin for timer 01 when the PWC timer function or input capture function is selected. The pin
cannot be set to serve as the external count clock input pin when the PWC timer function or input capture function is selected.

In 16-bit operation, the input function of this pin is not used. If the PWM timer function (variable-cycle mode) is selected, the
input function of this pin can also be used.

To use the input function mentioned above, set the bit in the port direction register corresponding to ECO pin to "0" to make
the pin as an input port.

a TO10 pin

TO10:
This pin serves as the timer output pin for timer 10 in 8-bit operation or for timers 10 and 11 in 16-bit operation. When the out-
put is enabled (T10CR1:0E = 1) in the interval timer function, PWM timer function, or PWC timer function, this pin becomes
an output pin automatically regardless of the port direction register (DDRG6:bit2) and functions as the timer output TO10 pin.
The output becomes undetermined if output is enabled with the input capture function in use.

a TO11 pin

TO11:
This pin serves as the timer output pin for timer 11 in 8-bit operation. When the output is enabled (T11CR1:0E = 1) in interval

timer function, PWM timer function (fixed-cycle mode), or PWC timer function, the pin becomes an output pin automatically
regardless of the port direction register (DDR6:bit3) and functions as the timer output TO11 pin.

In 16-bit operation, if output is enabled with the PWM timer function (variable-cycle mode) or input capture function in use, the
output becomes undetermined.

a EC1pin
The EC1 pin is connected to the EC10 and EC11 internal pins.

EC10 internal pin:

This pin serves as the external count clock input pin for timer 10 when the interval timer function or PWM timer function is
selected, or as the signal input pin for timer 10 when the PWC timer function or input capture function is selected. The pin
cannot be set to serve as the external count clock input pin when the PWC timer function or input capture function is selected.

To use the input function mentioned above, set the bit in the port direction register corresponding to EC1 pin to "0" to make
the pin as an input port.

EC11 internal pin:
This pin serves as the external count clock input pin for timer 11 when the interval timer function or PWM timer function is

selected, or as the signal input pin for timer 11 when the PWC timer function or input capture function is selected. The pin
cannot be set to serve as the external count clock input pin when the PWC timer function or input capture function is selected.

In 16-bit operation, the input function of this pin is not used. If the PWM timer function (variable-cycle mode) is selected, the
input function of this pin can also be used.
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To use the input function mentioned above, set the bit in the port direction register corresponding to EC1 pin to "0" to make
the pin as an input port.
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m Block Diagrams of Pins of 8/16-bit Composite Timer
Figure 14-2. Block Diagram of ECO (P12/EC0/DBG)

8/16-Bit Composite Timer
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Figure 14-4. Block Diagram of TO00
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Figure 14-5. Block Diagram of TO01
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Figure 14-6. Block Diagram of TO10 and TO11

8/16-Bit Composite Timer
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14.5 Registers of 8/16-bit Composite Timer

This section describes the registers of the 8/16-bit composite timer.
m Registers of 8/16-bit Composite Timer 0
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Figure 14-8. Registers of 8/16-bit Composite Timer 0

8/16-bit composite timer 00/01 status control register 0 (TOOCRO0/T01CRO0)

Address  bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
TO1CRO  OF92, [IFE [c2 | C1 [co |F3 |F2 | F1 [ Fo | 000000005
TOOCRO  OF93y R/W R/W R/W R/W R/W R/W R/W R/W

8/16-bit composite timer 00/01 status control register 1 (TOOCR1/T01CR1)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value

TOICR1 00364  [STA |HO  [IE | IR |BF  |IF [so  |oE  [00000000g
TOOCR1 00374  RW  RW  RW \F/{V(RM”' RIWX \F/{V(RM”' RW  RW

8/16-bit composite timer 00/01 data register (TOODR/T01DR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
TOIDR  OF9%4y  |TDR7 |TDR6 |TDR5 |TDR4 |[TDR3 |TDR2 [TDR1 [TDRO |00000000g
TOODR  OF95y RW RW RW RW RW RW RW RW

8/16-bit composite timer 00/01 timer mode control register (TMCRO)
Address  bit7 bité bit5 bit4 bit3 bit2 bit1 bit0  Initial value
OF9%, [TO1 |TO0O |TIS  |MOD |FE11 |FE10 |FEO1 |FE00 |00000000g
RWX  RWX  RW R/W R/W R/W R/W R/W

R/W : Readable/writable (The read value is the same as the write value.)

R(RM1),W : Readable/writable (The read value is different from the write value. "1" is read by the read-
modify-write (RMW) type of instruction.)

R/WX: Read only (Readable. Writing a value to this bit has no effect on operation.)

R,W: Readable/writable (The read value is different from the write value.)
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m Registers of 8/16-bit Composite Timer 1
Figure 14-9. Registers of 8/16-bit Composite Timer 1

8/16-Bit Composite Timer

8/16-bit composite timer 10/11 status control register 0 (T10CR0/T11CRO0)

R/W:Readable/writable (The read value is the same as the write value.)

type of instruction.)
R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)
R,W:Readable/writable (The read value is different from the write value.)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
THCRO  OF97y  |IFE  [C2 |C1 | co |F3 [F2 | F1 [Fo | 00000000
T10CRO  OF98y RIW RIW RIW RIW RIW RIW RIW RIW
8/16-bit composite timer 10/11 status control register 1 (T10CR1/T11CR1)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
THCR1 00384  [STA  [HO [IE [IR | BF [IF |sO OE 000000005
T10CR1 0039y RIW RIW RIW \'TV(RM”’ R/WX \FfV(RM”' RIW RIW
8/16-bit composite timer 10/11 data register (T10DR/T11DR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
THDR  OF99y  |TDR7 |TDR6 |[TDR5 [TDR4 |[TDR3 |TDR2 [TDR1 |TDRO |00000000g
TIODR  OF9A, RW RW RW RW RW RW RW RW
8/16-bit composite timer 10/11 timer mode control register (TMCR1)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value

OF9By [TO1 |TOO |TIS  |MOD |FE11 |FE10 |FEO1 |FE0O [00000000g

RWX RWX R/W RIW RIW RIW RIW RIW

R(RM1),W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write (RMW)

14.5.1  8/16-bit Composite Timer 00/01 Status Control Register 0 (TOOCRO0/T01CRO0)

The 8/16-bit composite timer 00/01 status control register 0 (TOOCRO/T01CRO) selects the timer operation mode, selects the
count clock, and enables or disables IF flag interrupts. The TOOCRO and TO1CRO registers correspond to timers 00 and 01

respectively.
m 8/16-bit Composite Timer 00/01 Status Control Register 0 (TOOCRO0/T01CR0)
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Figure 14-10. 8/16-bit Composite Timer 00/01 Status Control Register 0 (TOOCR0/T01CRO0)
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Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
TO1CRO OF924 | FE [ c2 [ o1 | co | F8 | F2 | F1 [ Fo | 00000000
TOOCRO  OF93H RW RW RW RW RW RW RW RW
L F3 F2 F1 FO Timer operating mode select bits
0 0 0 0 Interval timer (one-shot mode)
0 0 0 1 Interval timer (continuous mode)
0 0 1 0 Interval timer (free-run mode)
0 0 1 1 PWM timer (fixed-cycle mode)
0 1 0 0 PWM timer (variable-cycle mode)
0 1 0 1 PWC timer ("H" pulse = rising to falling)
0 1 1 0 PWC timer ("L" pulse = falling to rising)
0 1 1 1 PWC timer (cycle = rising to rising)
1 0 0 0 PWC timer (cycle = falling to falling)
1 0 0 1 PWC timer ("H" pulse = rising to falling; Cycle = rising to rising)
1 0 1 0 Input capture (rising, free-run counter)
1 0 1 1 Input capture (falling, free-run counter)
1 1 0 0 Input capture (both edges, free-run counter)
1 1 0 1 Input capture (rising, counter clear)
1 1 1 0 Input capture (falling, counter clear)
1 1 1 1 Input capture (both edges, counter clear)
Cc2 C1 Cco Count clock select bits
0 0 0 1 x MCLK (machine clock)
0 0 1 1/2 x MCLK (machine clock)
0 1 0 1/4 x MCLK (machine clock)
0 1 1 1/8 x MCLK (machine clock)
1 0 0 1/16 x MCLK (machine clock)
1 0 1 1/32 x MCLK (machine clock)
1 1 0 1/128 x Fch, 1/64 x Fcrr or 1/64 x FucreLL*
1 1 1 External clock
> IFE IF flag interrupt enable
0 Disables the IF flag interrupt
1 Enables the IF flag interrupt
R/W : Readable/writable (The read value is the same as the write value.)
: Initial value
*: The value to be used as the count clock is decided according to the settings of the SYCC register.
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Table 14-5. Functions of Bits in 8/16-bit Composite Timer 00/01 Status Control Register 0
(TOOCRO/T01CRO) (Sheet 1 of 2)

Bit name

Function

bit7

IFE:
IF flag interrupt enable

This bit enables or disables IF flag interrupts.

During timer operation (TOOCR1/TO1CR1:STA = 1), the write access to this bit has
no effect on operation. Ensure that the timer has stopped before modifying this bit.
Writing "0": Disables IF flag interrupts.

Writing "1": An IF flag interrupt request is output when both the IE bit (TOOCR1/
TO1CR1:IE) and the IF flag (TOOCR1/TO1CR1:IF) are set to "1".

bit6 to
bit4

C2, C1, Co:
Count clock select bits

These bits select the count clock.

The count clock is generated by the prescaler. See "6.14 Operation of Prescaler".

During timer operation (TOOCR1/T0O1CR1:STA = 1), the write access to these bits has no
effect on operation in timer operation.

The clock selection of TO1CRO (timer 01) is nullified in 16-bit operation.

These bits cannot be set to "1115" when the PWC function or input capture function is used.
An attempt to write "111g" with the PWC function or input capture function in use resets the
bits to "000g". The bits are also reset to "000g" if the timer enters the input capture operation
mode with the bits set to "111g".

When these bits are set to "110g", the count clock from the time-base timer will be used as the

count clock. Depending on the settings of the SYCC register, the count clock from the time-
base timer can be generated from the main clock, the main CR clock or the main CR PLL
clock. In the case of using the count clock from the time-base timer as the count clock, reset-
ting the time-base timer by writing "1" to the time-base timer initialization bit in the time-base
timer control register (TBTC:TCLR) will affect the count time.

Cc2 C1 Co

Count clock
1 x MCLK (machine clock)
1/2 x MCLK (machine clock)
1/4 x MCLK (machine clock)
1/8 x MCLK (machine clock)
1/16 x MCLK (machine clock)
1/32 x MCLK (machine clock)
1/128 x Fcp, 1/64 x Fory or 1/64 x FycrpLL

|l OoO|=|O|—~|O|—~|O

External clock

Al Al alo|lo|lo| o
al 2|l ol ol -]l alol o
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Table 14-5. Functions of Bits in 8/16-bit Composite Timer 00/01 Status Control Register 0
(TOOCRO/T01CRO) (Sheet 2 of 2)
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Bit name Function
These bits select the timer operating mode.
The PWM timer function (variable-cycle mode; F3, F2, F1, FO = 0100g) is set by either the
TOOCRO (timer 00) register or TO1CRO (timer 01) register. If one of the timers starts operating
(TOOCR1/TO1CR1: STA= 1), the F3, F2, F1 and FO bits of the other timer are automatically
set to "0100g".
With the 16-bit operation having been selected (TMCRO0:MOD = 1), if the composite timer starts
operating using the PWM timer function (variable-cycle mode) (TOOCR1/T0O1CR1:STA = 1), the
MOD bit is set to "0" automatically.
Write access to these bits is nullified in timer operation (TOOCR1/TO1CR1:STA = 1).
[ F3 F2 F1 FO Timer operating mode
0 0 0 0 Interval timer (one-shot mode)
0 0 0 1 Interval timer (continuous mode)
0 0 1 0 Interval timer (free-run mode)
0 0 1 1 PWM timer (fixed-cycle mode)
0 1 0 0 PWM timer (variable-cycle mode)
0 1 0 1 PWC timer ("H" pulse = rising to falling)
‘ F3, F2, F1, FO: 0 1 1 0 PWC timer ("L" pulse = falling to rising)
bit3to | _ . 0 1 1 1 PWC timer (cycle = rising to rising)
bit0 Timer operating mode - — -
select bits 1 0 0 0 PWC timer (cycle = falling to falling)
1 0 0 1 PWC timer
("H" pulse = rising to falling; Cycle = rising to rising)
1 0 1 0 Inpgt capture
(rising, free-run counter)
1 0 1 1 Input capture
(falling, free-run counter)
1 1 0 0 Input capture
(both edges, free-run counter)
1 1 0 1 quyt capture
(rising, counter clear)
Input capture
! ! ! 0 (falling, counter clear)
1 1 1 1 Input capture
(both edges, counter clear)
14.5.2  8/16-bit Composite Timer 10/11 Status Control Register 0 (T10CR0/T11CRO0)

The 8/16-bit composite timer 10/11 status control register 0 (T10CR0/T11CRO) selects the timer operation mode, selects the
count clock, and enables or disables IF flag interrupts. The T10CRO and T11CRO registers correspond to timers 10 and 11
respectively.

m  8/16-bit Composite Timer 10/11 Status Control Register 0 (T10CR0/T11CRO0)
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Figure 14-11. 8/16-bit Composite Timer 10/11 Status Control Register 0 (T10CRO0/T11CRO0)

Address  bit7 bité bit5 bit4 bit3 bit2 bit1 Initial value
T11CRO OF974 | FE [ c2 [ c1 [ co | F3 | F2 | F1 | Fo | 00000000
T10CRO OF98H
RW RW RW RW RW RW RW RW
F3 F2 F1 FO Timer operating mode select bits
0 0 0 0 Interval timer (one-shot mode)
0 0 0 1 Interval timer (continuous mode)
0 0 1 0 Interval timer (free-run mode)
0 0 1 1 PWM timer (fixed-cycle mode)
0 1 0 0 PWM timer (variable-cycle mode)
0 1 0 1 PWC timer ("H" pulse = rising to falling)
0 1 1 0 PWC timer ("L" pulse = falling to rising)
0 1 1 1 PWC timer (cycle = rising to rising)
1 0 0 0 PWC timer (cycle = falling to falling)
1 0 0 1 PWC timer ("H" pulse = rising to falling; Cycle = rising to rising)
1 0 1 0 Input capture (rising, free-run counter)
1 0 1 1 Input capture (falling, free-run counter)
1 1 0 0 Input capture (both edges, free-run counter)
1 1 0 1 Input capture (rising, counter clear)
1 1 1 0 Input capture (falling, counter clear)
1 1 1 1 Input capture (both edges, counter clear)
c2 C1 Co Count clock select bits
0 0 0 1 x MCLK (machine clock)
0 0 1 1/2 x MCLK (machine clock)
0 1 0 1/4 x MCLK (machine clock)
0 1 1 1/8 x MCLK (machine clock)
1 0 0 1/16 x MCLK (machine clock)
1 0 1 1/32 x MCLK (machine clock)
1 1 0 1/128 x FcH, 1/64 x Fcrr or 1/64 x FumcreLL®
1 1 1 External clock
» IFE IF flag interrupt enable
0 Disables the IF flag interrupt
1 Enables the IF flag interrupt
R/W . Readable/writable (The read value is the same as the write value.)
: Initial value
: The value to be used as the count clock is decided according to the settings of the SYCC register.
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Table 14-6. Functions of Bits in 8/16-bit Composite Timer 10/11 Status Control Register 0
(T10CRO/T11CRO) (Sheet 1 of 2)

Bit name Function

This bit enables or disables IF flag interrupts.

During timer operation (T10CR1/T11CR1:STA = 1), the write access to this bit has

IFE: no effect on operation. Ensure that the timer has stopped before modifying this bit.

IF flag interrupt enable | Writing "0": Disables IF flag interrupts.

Writing "1": An IF flag interrupt request is output when both the IE bit (T10CR1/
T11CR1:IE) and the IF flag (T10CR1/T11CR1:IF) are set to "1".

These bits select the count clock.

The count clock is generated by the prescaler. See "6.14 Operation of Prescaler".

During timer operation (T10CR1/T11CR1:STA = 1), the write access to these bits has no
effect on operation in timer operation.

bit7

The clock selection of T11CRO (timer 11) is nullified in 16-bit operation.

These bits cannot be set to "1115" when the PWC function or input capture function is used.
An attempt to write "111g" with the PWC function or input capture function in use resets the
bits to "000g". The bits are also reset to "000g" if the timer enters the input capture operation
mode with the bits set to "111g".

When these bits are set to "110g", the count clock from the time-base timer will be used as the
count clock. Depending on the settings of the SYCC register, the count clock from the time-
base timer can be generated from the main clock, the main CR clock or the main CR PLL
bits to | C2, C1, CO: clock. In the case of using the count clock from the time-base timer as the count clock, reset-
ting the time-base timer by writing "1" to the time-base timer initialization bit in the time-base
timer control register (TBTC:TCLR) will affect the count time.

Cc2 C1 Cco Count clock

1 x MCLK (machine clock)

1/2 x MCLK (machine clock)

1/4 x MCLK (machine clock)

1/8 x MCLK (machine clock)

1/16 x MCLK (machine clock)

1/32 x MCLK (machine clock)

1/128 x FCH’ 1/64 x FCRH or 1/64 x FMCRPLL

External clock

bit4 | Count clock select bits

Al Al |l alo|lo|lo| o
al 2|l ol ol -]l alol o
=l OoO|=|O|—~|O|—~|O
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Table 14-6. Functions of Bits in 8/16-bit Composite Timer 10/11 Status Control Register 0
(T10CRO/T11CRO) (Sheet 2 of 2)

Bit name Function
These bits select the timer operating mode.
The PWM timer function (variable-cycle mode; F3, F2, F1, FO = 0100g) is set by either the
T10CRO (timer 10) register or T11CRO (timer 11) register. If one of the timers starts operating
(T10CR1/T11CR1: STA = 1), the F3, F2, F1 and FO bits of the other timer are automatically
set to "0100g".
With the 16-bit operation having been selected (TMCR1:MOD = 1), if the composite timer starts
operating using the PWM timer function (variable-cycle mode) (T10CR1/T11CR1:STA = 1), the
MOD bit is set to "0" automatically.
Write access to these bits is nullified in timer operation (T10CR1/T11CR1:STA = 1).
F3 F2 F1 FO Timer operating mode
0 0 0 0 Interval timer (one-shot mode)
0 0 0 1 Interval timer (continuous mode)
0 0 1 0 Interval timer (free-run mode)
0 0 1 1 PWM timer (fixed-cycle mode)
0 1 0 0 PWM timer (variable-cycle mode)
0 1 0 1 PWC timer ("H" pulse = rising to falling)
. F3, F2, F1, FO: 0 1 1 0 PWC timer ("L" pulse = falling to rising)
bit3to | _ . 0 1 1 1 PWC timer (cycle = rising to rising)
bit0 Timer operating mode - — -
select bits 1 0 0 0 PWC timer (cycle = falling to falling)
1 0 0 1 PWC timer
("H" pulse = rising to falling; Cycle = rising to rising)
1 0 1 0 Inpgt capture
(rising, free-run counter)
1 0 1 1 Input capture
(falling, free-run counter)
1 1 0 0 Input capture
(both edges, free-run counter)
1 1 0 1 Inpyt capture
(rising, counter clear)
1 1 1 0 Inpgt capture
(falling, counter clear)
1 1 1 1 Input capture
(both edges, counter clear)
14.5.3  8/16-bit Composite Timer 00/01 Status Control Register 1 (TOOCR1/T01CR1)

The 8/16-bit composite timer 00/01 status control register 1 (TOOCR1/T01CR1) controls the interrupt flag, timer output, and

timer operations. TOOCR1 and TO1CR1 registers correspond to timers 00 and 01 respectively.
m 8/16-bit Composite Timer 00/01 Status Control Register 1 (TOOCR1/T01CR1)
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Figure 14-12. 8/16-bit Composite Timer 00/01 Status Control Register 1 (TOOCR1/T0O1CR1)
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Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
$83)221 gggGH [ sa | wo [ E | ®m | s | F | so | oe |o0000000s
7H
R/W R/W RW  RRM1),W RWX RRMI)W RW R/W
i
L OE Timer output enable bit
0 Disables timer output
1 Enables timer output
SO Timer output initial value bit
0 Timer initial value "0"
1 Timer initial value "1"
> F Timer reload/overflow flag
Read Write
0 No reload or overflow Flag clear
1 Reload and overflow No effect on operation
» BF Data register full flag
0 No measurement data in data register
1 Measurement data present in data register
o R Pulse width measurement completion/edge detection flag
Read Write
0 Measurement complete, edge undetected| Flag clear
1 Measurement complete, edge detected No effect on operation
> |E Interrupt request enable bit
0 Disables interrupt requests
1 Enables interrupt requests
» HO Timer suspend bit
0 Resumes timer operation
1 Suspends timer
> STA Timer operation enable bit
0 Stops timer
1 Enables timer
R/W : Readable/writable (The read value is the same as the write value.)
R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
: Initial value
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Table 14-7. Functions of Bits in 8/16-bit Composite Timer 00/01 Status Control Register 1 (TOOCR1/T01CR1) (Sheet 1 of 2)

Bit name Function

This bit enables or stops the timer operation.

Writing "0": Stops the timer operation and sets the count value to "004".

With the PWM timer function (variable-cycle mode) in use (TOOCRO/T01CRO: F3, F2, F1, FO
= 0100g), the STA bit in either the TOOCR1 (timer 00) or the TO1CR1 (timer 01) register can
be used to enable or disable the timer operation. If the STA bit in one of the registers is set to
"0", the STA bit in the other one is automatically set to the same value.

In 16-bit operation (TMCRO0:MOD = 1), use the STA bit in the TOOCR1 (timer 00) register to
enable or disable timer operation. If the STA bit of one of the timers is set to "0", the STA bit in
the other one is automatically set to the same value.

Writing "1": Allows timer operation to start from count value "004".

Before setting this bit to "1", set the count clock select bits (TOOCR0/T01CR0:C2, C1, C0),
timer operation select bits (TOOCRO/TO1CRO:F3, F2, F1, FO0), timer output initial value bit
(TOOCR1/T01CR1:S0), 16-bit mode enable bit (TMCRO0:MOD), and filter function select bits
(TMCRO:FE11, FE10, FEO1, FEOQO).

This bit suspends or resumes the timer operation.
Writing "1" to this bit during timer operation suspends the timer operation.

When the timer operation has been enabled (TOOCR1/T01CR1:STA = 1), writing "0" to the bit
resumes the timer operation.

HO: With the PWM timer function (variable-cycle mode) in use (TOOCRO/T01CRO: F3, F2, F1, FO
bit6 ) ) =0100g), the HO bit in either TOOCR1 (timer 00) or TO1CR1 (timer 01) can be used to sus-
Timer suspend bit . . o ; .
pend or resume timer operation. If the HO bit in one of the registers is set to "0" or "1", the HO
bit in the other one is automatically set to the same value.
In 16-bit operation (TMCRO0:MOD = 1), use the HO bit in the TOOCR1 (timer 00) register to

suspend or resume timer operation. If the HO bit in one of the registers is set to "0" or "1", the
HO bit in the other one is automatically set to the same value.

This bit enables or disables the output of interrupt requests.
Writing "0": Disables interrupt request.
Writing "1": Outputs an interrupt request when the pulse width measurement
bit5 | Interrunt request enable completion/edge detection flag (TOQCR‘I/TO1CR1:IR) or timer reload/
ot ptreq overflow flag (TOOCR1/TO1CR1:IF) is "1".

However, an interrupt request from the timer reload/overflow flag
(TOOCR1/TO1CRT1:IF) is not output unless the IF flag interrupt enable
(TOOCRO/TO1CRO:IFE) bit is also set to "1".

This bit indicates the completion of pulse width measurement or the detection of an
edge.

With the PWC timer function in use, this bit is set to "1" immediately after pulse width mea-
surement is complete.

STA:

bit7 | Timer operation enable
bit

IE:

IR: With the input capture function in use, this bit is set to "1" immediately after an edge is

) detected.
bit4 Pulse width measure-

ment completion/edge
detection flag

The bit is set to "0" when the function of the composite timer selected is neither the PWC
timer function nor the input capture function.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
The IR bit in the TO1CR1 (timer 01) register is set to "0" in 16-bit operation.

Writing "0" to this bit sets it to "0".

Writing "1" to this bit is ignored.
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Table 14-7. Functions of Bits in 8/16-bit Composite Timer 00/01 Status Control Register 1 (TOOCR1/T01CR1) (Sheet 2 of 2)

Bit name Function

With the PWC timer function in use, this bit is set to "1" when a count value is stored in the 8/
16-bit composite timer 00/01 data register (TOODR/T01DR) immediately after pulse width
measurement is complete.
In 8-bit operation, this bit is set to "0" when the 8/16-bit composite timer 00/01 data register
(TOODR/TO1DR) is read.
The 8/16-bit composite timer 00/01 data register (TOODR/T01DR) holds data if this bit is set to
"1". With this bit being "1", even when the next edge is detected, the count value is not trans-
ferred to the 8/16-bit composite timer 00/01 data register (TOODR/T01DR), and the next mea-
surement result is thus lost. Nonetheless, there is an exception. With the F3 bit to FO bit in the
TOOCRO/T01CRO register having been set to "1001g", even though the BF bit is set to "1", the
bit3 BF: "H" pulse measurement result is transferred to the 8/16-bit composite timer 00/01 data regis-
Data register full flag ter (TOODR/T01DR), while the cycle measurement result is not transferred to the 8/16-bit
composite timer 00/01 data register. Therefore, in order to perform cycle measurement, the
"H" pulse measurement result must be read before a cycle is completed. In addition, the
result of "H" pulse measurement and that of cycle measurement are lost if they are not read
before the completion of the next "H" pulse.
The BF bit in the TOOCR1 (timer 00) register is set to "0" when the TO1DR (timer 01) register
is read during 16-bit operation.

The BF bit in the TO1CR1 (timer 01) register is set to "0" during 16-bit operation.
This bit is "0" when any timer function other than the PWC timer function is selected.
Writing a value to this bit has no effect on operation.

This bit is used to detect the count value match and the counter overflow.

With the interval timer function (one-shot or continuous) or the PWM timer function (variable-
cycle mode) in use, this bit is set to "1" if the 8/16-bit composite timer 00/01 data register
(TOODR/T01DR) value matches the count value.

IF: With the PWC timer function or the input capture function in use, this bit is set to "1" if a coun-

. ) ter overflow occurs.
bit2 | Timer reload/overflow
If this bit is read by a read-modify-write (RMW) instruction, it always returns "1".

flag
Writing "0" to this bit sets it to "0".
Writing "1" to this bit has no effect on operation.
The bit becomes "0" if the PWM function (variable-cycle mode) is selected.
The IF bit in the TO1CR1 (timer 01) register is "0" in 16-bit operation.
The timer output (TMCRO:TO1/TO0) initial value is set by writing a value to this bit. The value
in this bit is reflected in the timer output when the timer operation enable bit (TOOCR1/
TO1CR1:STA) changes from "0" to "1".
In 16-bit operation (TMCRO:MOD = 1), use the SO bit in the TOOCR1 (timer 00) register to set

SO: the timer output initial value. In this case, the value of the SO bit in the other one has no effect

bit1 ’ on operation.
i ) -

I;Tfer;l:tpm initial During timer operation (TOOCR1:STA = 1 or TO1CR1:STA = 1), the write access to this bit is
invalid. However, in 16-bit operation, although a value can be written to the SO bit in the
TO1CR1 (timer 01) register even during timer operation, the value written has no direct effect
on the timer output.
When the PWM timer function (fixed cycle mode or variable cycle mode) or the input capture
function is in use, the value of this bit has no effect on operation.
This bit enables or disables timer output.

bit0 OE: Writing "0": No timer output is supplied to the external pin. In this case, the exter-
Timer output enable bit nal pin serves as a general-purpose port.

Writing "1": The timer output (TMCRO0:TO1/TOQ) is supplied to the external pin.

1454  8/16-bit Composite Timer 10/11 Status Control Register 1 (T10CR1/T11CR1)

The 8/16-bit composite timer 10/11 status control register 1 (T10CR1/T11CR1) controls the interrupt flag, timer output, and
timer operations. TT0CR1 and T11CR1 registers correspond to timers 10 and 11 respectively.
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m  8/16-bit Composite Timer 10/11 Status Control Register 1 (T10CR1/T11CR1)
Figure 14-13. 8/16-bit Composite Timer 10/11 Status Control Register 1 (T10CR1/T11CR1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

THOR1 0038+ ["'sa [ wo | ®€ [ ®m [ B | *® [ so [ o |00000000s
T10CR1 0039

RIW RW REM1)W RWX RARMI)W RW RW

*_
R

Timer output enable bit

0 Disables timer output

Enables timer output

SO Timer output initial value bit

0 Timer initial value "0"

Timer initial value "1"

Timer reload/overflow flag

> IF
Read Write
0 No reload or overflow Flag clear
1 Reload and overflow No effect on operation
» BF Data register full flag
0 No measurement data in data register
1 Measurement data present in data register
» R Pulse width measurement completion/edge detection flag

Read Write

0 Measurement complete, edge undetected| Flag clear

1 Measurement complete, edge detected No effect on operation

A\
m

Interrupt request enable bit

0 Disables interrupt requests
1 Enables interrupt requests
» HO Timer suspend bit
0 Resumes timer operation
1 Suspends timer
> STA Timer operation enable bit

0 Stops timer

1 Enables timer

R/W : Readable/writable (The read value is the same as the write value.)
R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
. Initial value
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Table 14-8. Functions of Bits in 8/16-bit Composite Timer 10/11 Status Control Register 1 (T10CR1/T11CR1) (Sheet 1 of 2)

Bit name Function

This bit enables or stops the timer operation.

Writing "0": Stops the timer operation and sets the count value to "004".

With the PWM timer function (variable-cycle mode) in use (T10CRO/T11CRO: F3, F2, F1, FO =
0100g), the STA bit in either the T10CR1 (timer 10) or the T11CR1 (timer 11) register can be
used to enable or disable the timer operation. If the STA bit in one of the registers is set to "0",
the STA bit in the other one is automatically set to the same value.

In 16-bit operation (TMCR1:MOD = 1), use the STA bit in the T10CR1 (timer 10) register to
enable or disable timer operation. If the STA bit of one of the timers is set to "0", the STA bit in
the other one is automatically set to the same value.

Writing "1": Allows timer operation to start from count value "004".
Before setting this bit to "1", set the count clock select bits (T10CR0/T11CR0:C2, C1, CO0),
timer operation select bits (T10CR0/T11CRO0:F3, F2, F1, F0), timer output initial value bit
(T10CR1/T11CR1:S0), 16-bit mode enable bit (TMCR1:MOD), and filter function select bits
(TMCR1:FE11, FE10, FEO1, FEQO).
This bit suspends or resumes the timer operation.
Writing "1" to this bit during timer operation suspends the timer operation.
When the timer operation has been enabled (T10CR1/T11CR1:STA = 1), writing "0" to the bit
resumes the timer operation.
HO: With the PWM timer function (variable-cycle mode) in use (T10CRO/T11CRO: F3, F2, F1,
bit6 ) . F0=0100g), the HO bit in either TT0CR1 (timer 10) or T11CR1 (timer 11) can be used to sus-
Timer suspend bit . . . . ]

pend or resume timer operation. If the HO bit in one of the registers is set to "0" or "1", the HO
bit in the other one is automatically set to the same value.
In 16-bit operation (TMCR1:MOD = 1), use the HO bit in the T10CR1 (timer 10) register to
suspend or resume timer operation. If the HO bit in one of the registers is set to "0" or "1", the
HO bit in the other one is automatically set to the same value.
This bit enables or disables the output of interrupt requests.
Writing "0": Disables interrupt request.
Writing "1": Outputs an interrupt request when the pulse width measurement
bit5 completion/edge detection flag (T10CR1/T11CR1:IR) or timer reload/

Interrupt request enable overflow flag (TTOCR1/T11CR1:IF) is "1".

bit However, an interrupt request from the timer reload/overflow flag
(T10CR1/T11CR1:IF) is not output unless the IF flag interrupt enable
(T10CRO/T11CRO:IFE) bit is also set to "1".

This bit indicates the completion of pulse width measurement or the detection of an
edge.

With the PWC timer function in use, this bit is set to "1" immediately after pulse width mea-
surement is complete.

STA:

bit7 | Timer operation enable
bit

IE:

IR: With the input capture function in use, this bit is set to "1" immediately after an edge is

) detected.
bit4 Pulse width measure-

ment completion/edge
detection flag

The bit is set to "0" when the function of the composite timer selected is neither the PWC
timer function nor the input capture function.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
The IR bit in the T11CR1 (timer 11) register is set to "0" in 16-bit operation.

Writing "0" to this bit sets it to "0".

Writing "1" to this bit is ignored.
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Bit name

Function

bit3

BF:
Data register full flag

With the PWC timer function in use, this bit is set to "1" when a count value is stored in the 8/
16-bit composite timer 10/11 data register (T10DR/T11DR) immediately after pulse width
measurement is complete.

In 8-bit operation, this bit is set to "0" when the 8/16-bit composite timer 10/11 data register
(T10DR/T11DR) is read.

The 8/16-bit composite timer 10/11 data register (T10DR/T11DR) holds data if this bit is set to
"1". With this bit being "1", even when the next edge is detected, the count value is not trans-
ferred to the 8/16-bit composite timer 10/11 data register (T10DR/T11DR), and the next mea-
surement result is thus lost. Nonetheless, there is an exception. With the F3 bit to FO bit in the
T10CRO/T11CRO register having been set to "1001g", even though the BF bit is set to "1", the
"H" pulse measurement result is transferred to the 8/16-bit composite timer 10/11 data regis-
ter (T10DR/T11DR), while the cycle measurement result is not transferred to the 8/16-bit
composite timer 10/11 data register. Therefore, in order to perform cycle measurement, the
"H" pulse measurement result must be read before a cycle is completed. In addition, the
result of "H" pulse measurement and that of cycle measurement are lost if they are not read
before the completion of the next "H" pulse.

The BF bitin the T10CR1 (timer 10) register is set to "0" when the T11DR (timer 11) register is
read during 16-bit operation.

The BF bit in the T11CR1 (timer 11) register is set to "0" during 16-bit operation.
This bit is "0" when any timer function other than the PWC timer function is selected.
Writing a value to this bit has no effect on operation.

bit2

IF:

Timer reload/overflow
flag

This bit is used to detect the count value match and the counter overflow.

With the interval timer function (one-shot or continuous) or the PWM timer function (variable-
cycle mode) in use, this bit is set to "1" if the 8/16-bit composite timer 10/11 data register
(T10DR/T11DR) value matches the count value.

With the PWC timer function or the input capture function in use, this bit is set to "1" if a coun-
ter overflow occurs.

If this bit is read by a read-modify-write (RMW) instruction, it always returns "1".
Writing "0" to this bit sets it to "0".

Writing "1" to this bit has no effect on operation.

The bit becomes "0" if the PWM function (variable-cycle mode) is selected.
The IF bit in the T11CR1 (timer 11) register is "0" in 16-bit operation.

bit1

SO:

Timer output initial
value bit

The timer output (TMCR1:TO1/TOO) initial value is set by writing a value to this bit. The value
in this bit is reflected in the timer output when the timer operation enable bit (T10CR1/
T11CR1:STA) changes from "0" to "1".

In 16-bit operation (TMCR1:MOD = 1), use the SO bit in the T1I0CR1 (timer 10) register to set
the timer output initial value. In this case, the value of the SO bit in the other one has no effect
on operation.

During timer operation (T10CR1:STA = 1 or T11CR1:STA = 1), the write access to this bit is
invalid. However, in 16-bit operation, although a value can be written to the SO bit in the
T11CR1 (timer 11) register even during timer operation, the value written has no direct effect
on the timer output.

When the PWM timer function (fixed cycle mode or variable cycle mode) or the input capture
function is in use, the value of this bit has no effect on operation.

bit0

OE:
Timer output enable bit

This bit enables or disables timer output.

Writing "0": No timer output is supplied to the external pin. In this case, the exter-
nal pin serves as a general-purpose port.
Writing "1": The timer output (TMCR1:TO1/TOO0) is supplied to the external pin.

14.5.5

8/16-bit Composite Timer 00/01 Timer Mode Control Register (TMCRO)

The 8/16-bit composite timer 00/01 timer mode control register (TMCRO) selects the filter function, 8-bit or 16-bit operating
mode, and signal input to timer 00 and indicates the timer output value. This register serves both timer 00 and timer 01.
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m  8/16-bit Composite Timer 00/01 Timer Mode Control Register (TMCRO)
Figure 14-14. 8/16-bit Composite Timer 00/01 Timer Mode Control Register (TMCRO)

Address _ Dit7 b6 bits bt bit3  bit2  bitt _ bito Initial value
oFges | To1 | Too | Tis | mop | FE11 | FE10 | FEO1 [ FEOO | 00000000,
RWX RWX RW RW RW RW RW RW

L FEO1 | FEOO Timer 00 filter function select bits
0 0 No filtering out.
0 1 Filters out "H" pulse noise.
1 0 Filters out "L" pulse noise.
1 1 Filters out both "H" pulse noise and "L" pulse noise.
»| FE11 | FE10 Timer 01 filter function select bits
0 0 No filtering out.
0 1 Filters out "H" pulse noise.
1 0 Filters out "L" pulse noise.
1 1 Filters out both "H" pulse noise and "L" pulse noise.
MOD 8-bit/16-bit operating mode select bit
0 8-bit operating mode
1 16-bit operating mode
TIS Timer 00 internal signal select bit
0 Selects external signal (ECO) as timer 00 input*.
1 Selects internal signal (TI10) as timer 00 input.
TOO Timer 00 output bit
0

Output value of timer 00

TO1 Timer 01 output bit

Output value of timer 01

R/W : Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
. Initial value

*: The ECO input can be assigned to P12 or P04 by setting the SYSC register. For details, see "23. Clock & Reset System
Configuration Controller".
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Table 14-9. Functions of Bits in 8/16-bit Composite Timer 00/01 Timer Mode Control Register (TMCRO) (Sheet 1 of 2)

Bit name Function

This bit indicates the output value of timer 01. When the timer starts operation
(TOOCR1/TO1CR1:STA = 1), the value in the bit changes depending on the timer
function selected.

Writing a value to this bit has no effect on operation.

In 16-bit operation, if the PWM timer function (variable-cycle mode) or the input capture func-
tion is selected, the value in the bit becomes undefined.

. TO1:
bit7 Timer 01 outout bit With the interval timer function or the PWC timer function having been selected, if the timer
P stops operating (TOOCR1/T01CR1:STA = 0), this bit holds the last value.
With the PWM timer function (variable-cycle mode) having been selected, if the timer stops
operating (TOOCR1/TO1CR1:STA = 0), this bit holds the last value.
When the timer operating mode select bits (TOOCR0/T01CRO: F3, F2, F1, FO) are modified
with the timer stopping operating, this bit indicates the last value of timer operation if the same
timer operation has been performed; otherwise it indicates "0", its initial value.
This bit indicates the output value of timer 00. When the timer starts operation
(TOOCR1/TO1CR1:STA = 1), the value in the bit changes depending on the
selected timer function.
Writing a value to this bit has no effect on operation.
If the input capture function is selected, the value in the bit becomes undefined.
. TOO: With the interval timer function or the PWM timer (variable-cycle mode) or the PWC timer
bité function having been selected, if the timer stops operating (TOOCR1/T01CR1:STA = 0), this

Timer 00 output bit bit holds the last value.

With the PWM timer function (variable-cycle mode) having been selected, if the timer stops
operating (TOOCR1/T01CR1:STA = 0), this bit holds the last value.
When the timer operating mode select bits (TOOCR0/T01CRO: F3, F2, F1, FO) are modified
with the timer stopping operating, this bit indicates the last value of timer operation if the same
timer operation has been performed; otherwise it indicates "0", its initial value.
This bit selects the signal input to timer 00 when the PWC timer function or input
Tis: cagtyre function is selected. _ . . .
bit5 | Timer 00 interal sianal Wr!t!ng "0": selects the gxternal s.lgnal (ECO) as the §|gna! input for.tlmer 00.
select bit 9 Writing "1": selects the internal signal (T110) as the signal input for timer 00.

The ECO input can be assigned to P12 or P04 by setting the SYSC register. For

details, see "23.2 System Configuration Register (SYSC)".

This bit selects 8-bit or 16-bit operating mode.
Writing "0": allows timers 00 and 01 to operate as separate 8-bit timers.

MOD: Writing "1": allows timers 00 and 01 to operate as a 16-bit timer.
bit4 8-bit/16-bit operating While this bit is "1", if the timer starts operating (TOOCR1/T01CR1:STA = 1) with the PWM
mode select bit timer function (variable-cycle mode), this bit is automatically set to "0".
During timer operation (TOOCR1:STA = 1 or TO1CR1:STA = 1), the write access to this bit is
invalid.

These bits select the filter function for the external signal (ECO) to timer 01 when
the PWC timer function or the input capture function is selected.

FE11 | FE10 Timer 01 filter
0 0 No filtering out.
bit3 FE11, FE10: 0 1 Filters out "H" pulse noise.
bito | Timer 01 filter function | [1 0 Filters out "L" pulse noise.
select bits : T - o ;
1 1 Filters out both "H" pulse noise and "L" pulse noise.

During timer operation (TO1CR1:STA = 1), the write access to these bits is invalid.

The settings of the bits have no effect on operation when the interval timer function or the
PWM timer function is selected (the filter function does not operate.).
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Table 14-9. Functions of Bits in 8/16-bit Composite Timer 00/01 Timer Mode Control Register (TMCRO) (Sheet 2 of 2)

Bit name Function

These bits select the filter function for the external signal (ECO) to timer 00 when the PWC
timer function or the input capture function is selected.During timer operation (TOOCR1:STA =

FEO1 | FEOO Timer 00 filter
0 0 No filtering out.
bit1, FEO1, FEOO: 0 1 Filters out "H" pulse noise.
bit0 Timer 00 filter function 1 0 Filters out "L" pulse noise.
select bits 1 1 Filters out both "H" pulse noise and "L" pulse noise.

1), the write access to these bits is invalid.

The settings of these bits have no effect on operation when the interval timer function or the
PWM timer function is selected (the filter function does not operate.).

14.5.6  8/16-bit Composite Timer 10/11 Timer Mode Control Register (TMCR1)

The 8/16-bit composite timer 10/11 timer mode control register (TMCR1) selects the filter function, 8-bit or 16-bit operating
mode, and signal input to timer 10 and indicates the timer output value. This register serves both timer 10 and timer 11.

m  8/16-bit Composite Timer 10/11 Timer Mode Control Register (TMCR1)
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Figure 14-15. 8/16-bit Composite Timer 10/11 Timer Mode Control Register (TMCR1)

bit1 bit0 Initial value

Address _ DIt7__ bit6  bits  bit4  bit3 bit2
701 | 100 | TIs | mop | FE11 | FET0 | FEO1 | FEOO | 00000000,

OF9BH
R/W R/W R/W R/W

RWX R/WX RW RW

|

|-> FEO1 | FEOO Timer 10 filter function select bits
0 0 No filtering out.
0 1 Filters out "H" pulse noise.
1 0 Filters out "L" pulse noise.

Filters out both "H" pulse noise and "L" pulse noise.

Timer 11 filter function select bits

»| FE11 | FE10
0 0 No filtering out.
0 1 Filters out "H" pulse noise.
1 0 Filters out "L" pulse noise.
1 1 Filters out both "H" pulse noise and "L" pulse noise.
MOD 8-bit/16-bit operating mode select bit
0 8-bit operating mode
1 16-bit operating mode
TIS Timer 10 internal signal select bit
0 Selects external signal (EC1) as timer 10 input*.

1 Setting prohibited

Timer 10 output bit

TOO

Output value of timer 10

Timer 11 output bit

Output value of timer 11

: Readable/writable (The read value is the same as the write value.)

R/W
: Read only (Readable. Writing a value to this bit has no effect on operation.)

R/WX

: Initial value

*: The EC1 input is assigned to P64.
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Table 14-10. Functions of Bits in 8/16-bit Composite Timer 10/11 Timer Mode Control Register (TMCR1) (Sheet 1 of 2)

Bit name Function

This bit indicates the output value of timer 11. When the timer starts operation
(T10CR1/T11CR1:STA = 1), the value in the bit changes depending on the timer
function selected.

Writing a value to this bit has no effect on operation.

In 16-bit operation, if the PWM timer function (variable-cycle mode) or the input capture func-

To1: tion is selected, the value in the bit becomes undefined.

bit7 Timer 11 outout bit With the interval timer function or the PWC timer function having been selected, if the timer
P stops operating (T10CR1/T11CR1:STA = 0), this bit holds the last value.

With the PWM timer function (variable-cycle mode) having been selected, if the timer stops

operating (T10CR1/T11CR1:STA = 0), this bit holds the last value.

When the timer operating mode select bits (T10CR0/T11CRO: F3, F2, F1, F0) are modified

with the timer stopping operating, this bit indicates the last value of timer operation if the same

timer operation has been performed; otherwise it indicates "0", its initial value.

This bit indicates the output value of timer 10. When the timer starts operation
(T10CR1/T11CR1:STA = 1), the value in the bit changes depending on the

selected timer function.
Writing a value to this bit has no effect on operation.

If the input capture function is selected, the value in the bit becomes undefined.

. TOO: With the interval timer function or the PWM timer (variable-cycle mode) or the PWC timer
bité ) . function having been selected, if the timer stops operating (T10CR1/T11CR1:STA = 0), this bit

Timer 10 output bit

holds the last value.

With the PWM timer function (variable-cycle mode) having been selected, if the timer stops
operating (T10CR1/T11CR1:STA = 0), this bit holds the last value.
When the timer operating mode select bits (T10CR0/T11CRO: F3, F2, F1, F0) are modified
with the timer stopping operating, this bit indicates the last value of timer operation if the same
timer operation has been performed; otherwise it indicates "0", its initial value.

This bit selects the signal input to timer 10 when the PWC timer function or input
capture function is selected.

bit5 T_IS' ) ) Writing "0": selects the external signal (EC1) as the signal input for timer 10.
Timer 10 internal signal | writing "1": is prohibited because it selects the internal signal (TII0) as signal
select bit input for timer 10 but the TII0 pin for ch. 1 is internally fixed at "0".
The EC1 input is assigned P64.
This bit selects 8-bit or 16-bit operating mode.
Writing "0": allows timers 10 and 11 to operate as separate 8-bit timers.
MOD: Writing "1": allows timers 10 and 11 to operate as a 16-bit timer.
bit4 8-bit/16-bit operating While this bit is "1", if the timer starts operating (T10CR1/T11CR1:STA = 1) with the PWM
mode select bit timer function (variable-cycle mode), this bit is automatically set to "0".
During timer operation (T10CR1:STA = 1 or T11CR1:STA = 1), the write access to this bit is
invalid.
These bits select the filter function for the external signal (EC1) to timer 11 when
the PWC timer function or the input capture function is selected.
FE11 | FE10 Timer 11 filter
0 0 No filtering out.
bit3, FE11, FE10: 0 1 Filters out "H" pulse noise.
itz | Timer 11 filter function  ||1 0 Filters out "L" pulse noise.
select bits 1 1 Filters out both "H" pulse noise and "L" pulse noise.

During timer operation (T11CR1:STA = 1), the write access to these bits is invalid.

The settings of the bits have no effect on operation when the interval timer function or the
PWM timer function is selected (the filter function does not operate.).

200 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



8/16-Bit Composite Timer

Embedded in Tomorrow™

Table 14-10. Functions of Bits in 8/16-bit Composite Timer 10/11 Timer Mode Control Register (TMCR1) (Sheet 2 of 2)

Bit name Function

These bits select the filter function for the external signal (EC1) to timer 10 when the PWC
timer function or the input capture function is selected.During timer operation (T10CR1:STA =

FEO1 | FEOO Timer 10 filter

0 0 No filtering out.
bit1, FEO1, FEOO: 0 1 Filters out "H" pulse noise.
bit0 Timer 10 filter function 1 0 Filters out "L" pulse noise.
select bits 1 1 Filters out both "H" pulse noise and "L" pulse noise.

1), the write access to these bits is invalid.

The settings of these bits have no effect on operation when the interval timer function or the
PWM timer function is selected (the filter function does not operate.).

14.5.7  8/16-bit Composite Timer 00/01 Data Register (TOODR/T01DR)

The 8/16-bit composite timer 00/01 data register (TOODR/TO1DR) is used to set the maximum count value during the interval
timer operation or the PWM timer operation and to read the count value during the PWC timer operation or the input capture
operation. The TOODR and TO1DR registers correspond to timers 00 and 01 respectively.

m  8/16-bit Composite Timer 00/01 Data Register (TOODR/T01DR)

Figure 14-16. 8/16-bit Composite Timer 00/01 Data Register (TOODR/T01DR)

Addres
s

bit7 bit6é bit5s bit4 bit3 bit2 bit1 bit0  Initial value

TOIDR OF94y [TDR7 |[TDR6 [TDR5 |[TDR4 |[TDR3 |TDR2 |TDR1 [TDRO |00000000g
TOODR  OF95; RW  RW RW RW RW RW RW RW
R,W:Readable/writable (The read value is different from the write value.)

a Interval timer function

The 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is used to set the interval time. When the timer starts oper-
ating (TOOCR1/T0O1CR1:STA = 1), the value of this register is transferred to the latch in the 8-bit comparator and the counter
starts counting. When the count value matches the value held in the latch in the 8-bit comparator, the value of this register is
transferred again to the latch, and the counter returns to "004" and continues to count.

The current count value can be read from this register.

An attempt to write "004" to this register is disabled in interval timer function.

In 16-bit operation, write the upper timer data to TO1DR and lower timer data to TOODR, and write or read TO1DR first and
then TOODR.

o PWM timer function (fixed-cycle)
The 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is used to set "H" pulse width time. When the timer starts
operating (TOOCR1/TO1CR1:STA = 1), the value of this register is transferred to the latch in the 8-bit comparator and the

counter starts counting from timer output "H". When the count value matches the value transferred to the latch, the timer out-
put becomes "L" and the counter continues to count until the count value reaches "FFy". When an overflow occurs, the value

of this register is transferred again to the latch in the 8-bit comparator and the counter performs the next cycle of counting.

The current value can be read from this register. In 16-bit operation, write the upper timer data to TO1DR and lower timer data
to TOODR, and write or read TO1DR first and then TOODR.

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 201



Embedded in Tomorrow

8/16-Bit Composite Timer

o PWM timer function (variable-cycle)

The 8/16-bit composite timer 00 data register (TOODR) and 8/16-bit composite timer 01 data register (TO1DR) are used to set
"L" pulse width time and cycle respectively. When the timer starts operating (TOOCR1/T01CR1:STA = 1), the value of each
register is transferred to the latch in the 8-bit comparator and the two counters start counting from timer output "L". When the
TOODR value transferred to the latch matches the timer 00 counter value, the timer output becomes "H" and the counting con-
tinues until the TO1DR value transferred to the latch matches the timer 01 counter value. When the TO1DR value transferred
to the latch of the 8-bit comparator matches the timer 01 counter value, the values of the TOODR register and the TO1DR reg-
ister are transferred again to the latch and the counter performs the next PWM cycle of counting.

The current count value can be read from this register. In 16-bit operation, write the upper timer data to TO1DR and lower
timer data to TOODR, and read TO1DR first and then TOODR.

o PWC timer function

The 8/16-bit composite timer 00/01 data register (TOODR/TO1DR) is used to read PWC measurement results. When PWC
measurement is completed, the counter value is transferred to this register and the BF bit is set to "1".

When the 8/16-bit composite timer 00/01 data register is read, the BF bit is set to "0". While the BF bit is "1", no data is trans-
ferred to the 8/16-bit composite timer 00/01 data register.

There is an exception. With the F3 bit to FO bit in the TOOCRO/T01CRO register having been set to "1001g", even though the
BF bit is set to "1", the "H" pulse measurement result is transferred to the 8/16-bit composite timer 00/01 data register, while
the cycle measurement result is not transferred to the 8/16-bit composite timer 00/01 data register. Therefore, in order to per-
form cycle measurement, the "H" pulse measurement result must be read before a cycle is completed. In addition, the result
of "H" pulse measurement and that of cycle measurement are lost if they are not read before the completion of the next "H"
pulse.

When reading the 8/16-bit composite timer 00/01 data register, ensure that the BF bit is not cleared accidentally.

If new data is written to the 8/16-bit composite timer 00/01 data register, the stored measurement data is replaced with the
new data. Therefore, do not write data to the register. In 16-bit operation, write the upper timer data to TO1DR and lower timer
data to TOODR, and read TO1DR first and then TOODR.

o Input capture function

The 8/16-bit composite timer 00/01 data register (TOODR/TO1DR) is used to read input capture results. When an edge speci-
fied is detected, the counter value is transferred to the 8/16-bit composite timer 00/01 data register.

If new data is written to the 8/16-bit composite timer 00/01 data register, the stored measurement data is replaced with the
new data. Therefore, do not write data to the register. In 16-bit operation, write the upper timer data to TO1DR and lower timer
data to TOODR, and read TO1DR first and then TOODR.

202 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



8/16-Bit Composite Timer

Embedded in Tomorrow™

o Read and write operations
Read and write operations of TOODR and TO1DR are performed in the following manner in 16-bit operation or when the PWM
timer function (variable-cycle) is selected.

Read from TO1DR:In addition to the read access to TO1DR, the value of TOODR is also stored in the internal read buffer at
the same time.

Read from TOODR:The internal read buffer is read.
Write to TO1DR:Data is written to the internal write buffer.
Write to TOODR:In addition to the write access to TOODR, the value of the internal write buffer is stored in TO1DR at the
same time.
Figure 14-17. shows the TOODR and TO1DR registers read from and written to during 16-bit operation.

Figure 14-17. Read and write operations of TOODR and TO1DR registers during 16-bit operation

TOODR Read >
Write register buffer Read
data data
N Write TO1DR
buffer register
TO1DR TOODR TO1DR TOODR
write write read read

14.5.8  8/16-bit Composite Timer 10/11 Data Register (T10DR/T11DR)

The 8/16bit composite timer 10/11 data register (T10DR/T11DR) is used to set the maximum count value during the interval
timer operation or the PWM timer operation and to read the count value during the PWC timer operation or the input capture
operation. The T10DR and T11DR registers correspond to timers 10 and 11 respectively.

m 8/16-bit Composite Timer 10/11 Data Register (T10DR/T11DR)

Figure 14-18. 8/16-bit Composite Timer 10/11 Data Register (T10DR/T11DR)
Addres

bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0  Initial value

T1IDR  OF99y [TDR7 |[TDR6 [TDR5 |[TDR4 |[TDR3 |TDR2 |TDR1 |TDRO |00000000g
TIODR  OF9A4 RW  RW RW ~RW RW RW RW RW
R,W:Readable/writable (The read value is different from the write value.)

o Interval timer function

The 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is used to set the interval time. When the timer starts oper-
ating (T10CR1/T11CR1:STA = 1), the value of this register is transferred to the latch in the 8-bit comparator and the counter
starts counting. When the count value matches the value held in the latch in the 8-bit comparator, the value of this register is
transferred again to the latch, and the counter returns to "004" and continues to count.

The current count value can be read from this register.

An attempt to write "004" to this register is disabled in interval timer function.

In 16-bit operation, write the upper timer data to T11DR and lower timer data to T10DR, and write or read T11DR first and
then T10DR.

o PWM timer function (fixed-cycle)

The 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is used to set "H" pulse width time. When the timer starts
operating (T10CR1/T11CR1:STA = 1), the value of this register is transferred to the latch in the 8-bit comparator and the
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counter starts counting from timer output "H". When the count value matches the value transferred to the latch, the timer out-
put becomes "L" and the counter continues to count until the count value reaches "FFy". When an overflow occurs, the value

of this register is transferred again to the latch in the 8-bit comparator and the counter performs the next cycle of counting.

The current value can be read from this register. In 16-bit operation, write the upper timer data to T11DR and lower timer data
to T10DR, and write or read T11DR first and then T10DR.

o PWM timer function (variable-cycle)

The 8/16-bit composite timer 10 data register (T10DR) and 8/16-bit composite timer 11 data register (T11DR) are used to set
"L" pulse width time and cycle respectively. When the timer starts operating (T10CR1/T11CR1:STA = 1), the value of each
register is transferred to the latch in the 8-bit comparator and the two counters start counting from timer output "L". When the
T10DR value transferred to the latch matches the timer 10 counter value, the timer output becomes "H" and the counting con-
tinues until the T11DR value transferred to the latch matches the timer 11 counter value. When the T11DR value transferred to
the latch of the 8-bit comparator matches the timer 11 counter value, the values of the T10DR register and the T11DR register
are transferred again to the latch and the counter performs the next PWM cycle of counting.

The current count value can be read from this register. In 16-bit operation, write the upper timer data to T11DR and lower
timer data to T10DR, and read T11DR first and then T10DR.

1  PWOC timer function

The 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is used to read PWC measurement results. When PWC
measurement is completed, the counter value is transferred to this register and the BF bit is set to "1".

When the 8/16-bit composite timer 10/11 data register is read, the BF bit is set to "0". While the BF bit is "1", no data is trans-
ferred to the 8/16-bit composite timer 10/11 data register.

There is an exception. With the F3 bit to FO bit in the T10CRO0/T11CRO register having been set to "1001g", even though the
BF bit is set to "1", the "H" pulse measurement result is transferred to the 8/16-bit composite timer 10/11 data register, while
the cycle measurement result is not transferred to the 8/16-bit composite timer 10/11 data register. Therefore, in order to per-
form cycle measurement, the "H" pulse measurement result must be read before a cycle is completed. In addition, the result
of "H" pulse measurement and that of cycle measurement are lost if they are not read before the completion of the next "H"
pulse.

When reading the 8/16-bit composite timer 10/11 data register, ensure that the BF bit is not cleared accidentally.

If new data is written to the 8/16-bit composite timer 10/11 data register, the stored measurement data is replaced with the
new data. Therefore, do not write data to the register. In 16-bit operation, write the upper timer data to T11DR and lower timer
data to T10DR, and read T11DR first and then T10DR.

o Input capture function

The 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is used to read input capture results. When an edge speci-
fied is detected, the counter value is transferred to the 8/16-bit composite timer 10/11 data register.

If new data is written to the 8/16-bit composite timer 10/11 data register, the stored measurement data is replaced with the
new data. Therefore, do not write data to the register. In 16-bit operation, write the upper timer data to T11DR and lower timer
data to T10DR, and read T11DR first and then T10DR.
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Read and write operations of T10DR and T11DR are performed in the following manner in 16-bit operation or when the PWM
timer function (variable-cycle) is selected.

Read from T11DR:In addition to the read access to T11DR, the value of T10DR is also stored in the internal read buffer at
the same time.
Read from T10DR:The internal read buffer is read.

Write to T11DR:Data is written to the internal write buffer.

Write to T10DR:In addition to the write access to T10DR, the value of the internal write buffer is stored in T11DR at the
same time.

Figure 14-19. shows the T10DR and T11DR registers read from and written to during 16-bit operation.

Figure 14-19. Read and write operations of T10DR and T11DR registers during 16-bit operation
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14.6 Interrupts of 8/16-bit Composite Timer

The 8/16-bit composite timer generates the following types of interrupts. An interrupt number and an interrupt vector are
assigned to each type of interrupts.

m  Timer 00 interrupt

Timer 01 interrupt

[ ]
m Timer 10 interrupt
[

Timer 11 interrupt

m  Timer 00 Interrupt

Table 14-11. shows the timer 00 interrupt and its sources.

Table 14-11. Timer 00 Interrupt

Item

Description

source

Interrupt generating

Comparison match in the inter-
val timer operation or the PWM
timer operation (variable-cycle
mode)

Overflow in the PWC timer oper-
ation or the input capture opera-
tion

Completion of measure-
ment in the PWC timer
operation or edge detection
in the input capture opera-

tion
Interrupt flag TOOCR1:IF TOOCR1:IF TOOCR1:IR
Interrupt enable TOOCR1:IE and TOOCRO:IFE TOOCR1:IE and TOOCRO:IFE TOOCR1:IE
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m  Timer 01 Interrupt

Table 14-12. shows the timer 01 interrupt and its sources.

Table 14-12. Timer 01 Interrupt

Item

Description

Interrupt generating
source

Comparison match in the inter-
val timer operation or the PWM
timer operation (variable-cycle
mode), except in 16-bit opera-
tion

Overflow in the PWC timer oper-
ation or the input capture opera-
tion, except in 16-bit operation

Completion of measure-
ment in the PWC timer
operation or edge detection
in the input capture opera-
tion, except in 16-bit opera-
tion

Interrupt flag

TO1CR1:IF

TO1CR1:IF

TO1CR1:IR

Interrupt enable

TO1CR1:IE and TO1CRO:IFE

TO1CR1:IE and TO1CRO:IFE

TO1CR1:IE
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m  Timer 10 Interrupt

Table 14-13. shows the timer 10 interrupt and its sources.

Table 14-13. Timer 10 Interrupt

8/16-Bit Composite Timer

Item

Description

Interrupt generating
source

Comparison match in the inter-
val timer operation or the PWM
timer operation (variable-cycle
mode)

Overflow in the PWC timer oper-
ation or the input capture opera-
tion

Completion of measure-
ment in the PWC timer
operation or edge detection
in the input capture opera-
tion

Interrupt flag

T10CR1:IF

T10CR1:IF

T10CR1:IR

Interrupt enable

T10CR1:IE and T10CRO:IFE

T10CR1:IE and T10CRO:IFE

T10CR1:IE

m Timer 11 Interrupt

Table 14-14. shows the timer 11 interrupt and its sources.

Table 14-14. Timer 11 Interrupt

Item

Description

Interrupt generating
source

Comparison match in the inter-
val timer operation or the PWM
timer operation (variable-cycle

mode), except in 16-bit opera-

tion

Overflow in the PWC timer oper-
ation or the input capture opera-
tion, except in 16-bit operation

Completion of measure-
ment in the PWC timer
operation or edge detection
in the input capture opera-
tion, except in 16-bit opera-
tion

Interrupt flag

T1MCR1:IF

T1MCR1:IF

T1MCR1:IR

Interrupt enable

T11CR1:IE and T11CRO:IFE

T11CR1:IE and T11CRO:IFE

T1MCR1IE
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Table 14-15. MB95560H Series Registers and Vector Table Addresses Related to Interrupts of 8/16-bit Composite Timer

Interrupt Interrupt level setting register Vector table address
Interrupt source - - -
request no. Register Setting bit Upper Lower
8/16-bit composite timer
FFFO FFF1
ch. 0 (lower) Timer 00 | 'RQ0S ILR1 L0S H H
8/16-bit composite timer
FFEE FFEF
ch. 0 (upper) Timer 01 IRQ06 ILR1 L06 H H
8/16-bit composite timer
ch. 1 (lower) Timer 10 IRQ22 ILR5 L22 FFCEy FFCFH
8/16-bit composite timer
FFDE FFDF
ch. 0 (upper) Timer 11 IRQ14 ILR3 L14 H H

Table 14-16. MB95570H/580H Series Registers and Vector Table Addresses Related to Interrupts of 8/16-bit Composite

Timer
Interrupt Interrupt level setting register Vector table address
Interrupt source - . :
request no. Register Setting bit Upper Lower
8/16-bit composite timer
FFF FFF1
ch. 0 (lower) Timer 00 IRQOS ILR1 LOS On H
8/16-bit composite timer
FFEE FFEF
ch. 0 (upper) Timer 01 IRQO6 ILR1 L06 H H

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different

peripheral functions.

14.7

Operation of Interval Timer Function

(One-shot Mode)

This section describes the operation of the interval timer function (one-shot mode) of the 8/16-bit composite timer.
m Operation of Interval Timer Function (One-shot Mode) (Timer 0)

To use the interval timer function (one-shot mode), do the settings shown in Figure 14-20..

Figure 14-20. Settings of Interval Timer Function (One-shot Mode) (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit0
TOOCRO/TO1CRO |IFE |c2 |C1 |CO |F3 |F2 |Fo |
m m m m 0 0 0
TOOCR1/T0O1CR1 |STA |Ho ||E “R |BF |IF |OE |
1 m m x x m m
TMCRO |TO1 |Too |TB |MOD |FEﬂ |FE1O |FE01 |FE00 |
m m X m m m m
TOODR/TO01DR | Sets interval time (counter compare value) |
O: Used bit
x: Unused bit
1: Set to "1"
0: Setto "0"
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As for the interval timer function (one-shot mode), enabling timer operation (TOOCR1/TO1CR1:STA = 1) causes the counter to
start counting from "00y" at the rising edge of a selected count clock signal. When the counter value matches the value of the

8/16-bit composite timer 00/01 data register (TOODR/T01DR), the timer output (TMCRO:TO0/TO1) is inverted, the interrupt
flag (TOOCR1/TO1CR1:IF) is set to "1", the start bit (TOOCR1/T01CR1:STA) is set to "0", and the counter stops counting.

The value of the 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator when the counter starts counting. Do not write "004" to the 8/16-bit com-

posite timer 00/01 data register.
Figure 14-21. shows the operation of the interval timer function (timer 0) in 8-bit operation.

Figure 14-21. Operation of Interval Timer Function in 8-bit Operation (One-shot Mode) (Timer 0)

Counter value FFy

'
1
1
1
1
1

80H
00H + >
T ; >, I ! ! ! Time
1 1 1 1 1
Timer cycle ifi *
TOODR/TO1DR 3% : o TOO;)R/TO1 DR value modified (FFH—80H) : : :
value (FFH) | ieare 1 1 1
1
1 X 1
1
1

1

1

:

: 1 by program
1 1

1

1

1

IF bit N i 1
STA bit —! ,f\— » » L »
i Automatically cleared Reactivated Automatically cleared Reactivated Automatically cleared
1 1 ! 1
' Inverted
1

T \

For initial value "1" on activation

1

1 1 1 1

1 Reactivated with output initial value unchanged ("0")
1

1

T I

Timer output pin

*:If the TOODR/TO1DR data register value is modified during operation, the new value is used from the next active cycle.
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m Operation of Interval Timer Function (One-shot Mode) (Timer 1)
To use the interval timer function (one-shot mode), do the settings shown in Figure 14-22..

Figure 14-22. Settings of Interval Timer Function (One-shot Mode) (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 |c1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 0 0
T10CR1/T11CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m x x m m m
TMCR1 |TO1 |Too |T|s | MOD | FE11 | FE10 | FEO1 | FEOO |
m m X m m m m m
T10DR/T11DR | Sets interval time (counter compare value) |
O: Used bit
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the interval timer function (one-shot mode), enabling timer operation (T10CR1/T11CR1:STA = 1) causes the counter to
start counting from "00y" at the rising edge of a selected count clock signal. When the counter value matches the value of the

8/16-bit composite timer 10/11 data register (T10DR/T11DR), the timer output (TMCR1:TO0/TO1) is inverted, the interrupt
flag (T10CR1/T11CR1:IF) is set to "1", the start bit (T1T0CR1/T11CR1:STA) is set to "0", and the counter stops counting.

The value of the 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator when the counter starts counting. Do not write "004" to the 8/16-bit com-

posite timer 10/11 data register.
Figure 14-23. shows the operation of the interval timer function (timer 1) in 8-bit operation.

Figure 14-23. Operation of Interval Timer Function in 8-bit Operation (One-shot Mode) (Timer 1)

Counter value FFH

80H
OO0H 1
T ¢ > ! 1 ! 1
1 1 1 ! 1
Timer cycle ifi *

T10DR/T11DR 3% : o T OdDH/T1 1DR value modified (FF+—80H) : : :
value (FFH)  leare ' ' '
1 ! 1

1

1

1

1

|

: 1 by program
1 1

1

1

1

I|_!

IF bit ! i 1
STA bit | » Iy »
1 Automatically cleared Reactivated Automatically cleared Reactivated Automatically cleared
1 1 ! 1
1 Inverted
1

1 1 1
Reactivated with output initial value unchanged ("0")

L

¥

t

For initial value "1" on activation

Timer output pin

*:1f the TIODR/T11DR data register value is modified during operation, the new value is used from the next active cycle.
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14.8 Operation of Interval Timer Function
(Continuous Mode)
This section describes the interval timer function (continuous mode operation) of the 8/16-bit composite timer.
m Operation of Interval Timer Function (Continuous Mode) (Timer 0)
To use interval timer function (continuous mode), do the settings shown in Figure 14-24..

Figure 14-24. Settings for Interval Timer Function (Continuous Mode) (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/T01CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 0 1
TOOCR1/TO1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m X X m m m
TMCRO |To1 |Too |TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m X m m m m m
TOODR/TO01DR | Sets interval time (counter compare value) |
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the interval timer function (continuous mode), enabling timer operation (TOOCR1/T01CR1:STA = 1) causes the counter
to start counting from "004" at the rising edge of a selected count clock signal. When the counter value matches the value in

the 8/16-bit composite timer 00/01 data register (TOODR/T01DR), the timer output bit (TMCRO0:TO0/TO1) is inverted, the inter-
rupt flag (TOOCR1/TO1CR1:IF) is set to "1", and the counter returns to "004" and restarts counting. The timer outputs square

wave as a result of this continuous operation.

The value of the 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected. Do not write "00y" to the 8/16-bit composite timer 00/01 data register while the counter is counting.

When the timer stops operating, the timer output bit (TMCRO0:TOO0/TO1) holds the last value.
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Figure 14-25. Operation Diagram of Interval Timer Function (Continuous Mode) (Timer 0)

212

. Compare value . Compare value . Compare value
Compare value ' (EOH) ' (FFH) ' (80H)
< S e
FFH
EOH
80H
0OH

>
Time

TOODR/TO1DR value (EOH) ' Cleared by program |
1

y v : A 4 : 4
IF bit |_ [ L]

&

' TOODR/TO1DR value modified (FFH—80H)" | :
: 1 1 1
1

1

1

T T
. 1 1 ! 1

STA bit 1Activated Matched IMatched I Matched : Matched 'Matched

1
Counter clear 2 |-| |-| n n |,_|
\ —_—
- | L L |
*1: If the TOODR/TO1DR data register value is modified during operation, the new value is used from the next active cycle.
*2: The counter is cleared and the data register settings are loaded into the comparison data latch whenever a match is detected during operation.

Timer output pin
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m Operation of Interval Timer Function (Continuous Mode) (Timer 1)
To use interval timer function (continuous mode), do the settings shown in Figure 14-26..

Figure 14-26. Settings for Interval Timer Function (Continuous Mode) (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | c2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 0 1
T10CR1/T11CR1 |STA | HO | IE | IR | BF | IF |so |OE |
1 m m X X m m m
TMCR1 |TO1 |Too |TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m X m m m m m
T10DR/T11DR | Sets interval time (counter compare value) |
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the interval timer function (continuous mode), enabling timer operation (T10CR1/T11CR1:STA = 1) causes the counter
to start counting from "004" at the rising edge of a selected count clock signal. When the counter value matches the value in

the 8/16-bit composite timer 10/11 data register (T10DR/T11DR), the timer output bit (TMCR1:TOO0/TO1) is inverted, the inter-
rupt flag (T10CR1/T11CR1:IF) is set to "1", and the counter returns to "004" and restarts counting. The timer outputs square

wave as a result of this continuous operation.

The value of the 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected. Do not write "00y" to the 8/16-bit composite timer 10/11 data register while the counter is counting.

When the timer stops operating, the timer output bit (TMCR1:TOO0/TO1) holds the last value.

Figure 14-27. Operation Diagram of Interval Timer Function (Continuous Mode) (Timer 1)

. Compare value . Compare value . Compare value
Compare value . (EOH) . (FFr) | (80H)
. Sle
FFH i
EOH
80H
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U 4 |

>
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T10DR/T11DR value (EOH) X Cloared by program !
1

IF bit n |_' IIA' i_'

1

1

1

1

1

: ' ' \

I 1

' T10DR/T11DR value modified (FFH—80H)'" . :
! \ \ :
I 1

1

1

. 1 1
STA bit 1Activated I Matched IMatched 1 Matched Matched 'Matched

1
Counter clear 2 |-| |-| H |-| !_l
Timer output pin : | |_| |—

*1:If the TIODR/T11DR data register value is modified during operation, the new value is used from the next active cycle.
*2: The counter is cleared and the data register settings are loaded into the comparison data latch whenever a match is detected during operation.
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14.9 Operation of Interval Timer Function
(Free-run Mode)
This section describes the operation of the interval timer function (free-run mode) of the 8/16-bit composite timer.
m Operation of Interval Timer Function (Free-run Mode) (Timer 0)
To use the interval timer function (free-run mode), do the settings shown in Figure 14-28..

Figure 14-28. Settings for Interval Timer Function (Free-run Mode) (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TO1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 1 0
TOOCR1/TO1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m x X m m m
TMCRO | TO1 |Too |T|s | MOD | FE11 | FE10 | FEO1 | FEO0 |
m m X m m m m m
TOODR/TO1DR | Sets interval time (counter compare value) |
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the interval timer function (free-run mode), enabling timer operation (TOOCR1/TO1CR1:STA = 1) causes the counter to
start counting from "004" at the rising edge of a selected count clock signal. When the counter value matches the value in the

8/16-bit composite timer 00/01 data register (TOODR/T01DR), the timer output bit (TMCRO:TOO0/TO1) is inverted and the inter-
rupt flag (TOOCR1/TO1CR1:IF) is set to "1". If the counter continues to count with the above settings and then reaches "FF",

it returns to "00y" and restarts counting. The timer outputs square wave as a result of this continuous operation.

The value of the 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected. Do not write "004" to the 8/16-bit composite timer 00/01 data register.

When the timer stops operation, the timer output bit (TMCRO0:TOO/TO1) holds the last value.
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Figure 14-29. Operation Diagram of Interval Timer Function (Free-run Mode) (Timer 0)
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*: Even though a match is detected during operation, the counter

is not cleared and the data register settings are not reloaded into the comparison data latch.
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m Operation of Interval Timer Function (Free-run Mode) (Timer 1)

To use the interval timer function (free-run mode), do the settings shown in Figure 14-30..

Figure 14-30. Settings for Interval Timer Function (Free-run Mode) (Timer 1)

CYPRESS

Embedded in Tomorrow

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 1 0
T10CR1/T11CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m x X m m m
TMCR1 | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m X m m m m m
T10DR/T11DR | Sets interval time (counter compare value) |

O: Bit to be used
x: Unused bit

1: Setto "1"

0: Set to "0"

As for the interval timer function (free-run mode), enabling timer operation (T10CR1/T11CR1:STA = 1) causes the counter to
start counting from "004" at the rising edge of a selected count clock signal. When the counter value matches the value in the
8/16-bit composite timer 10/11 data register (T10DR/T11DR), the timer output bit (TMCR1:TO0/TO1) is inverted and the inter-
rupt flag (T10CR1/T11CR1:IF) is set to "1". If the counter continues to count with the above settings and then reaches "FF",
it returns to "00y" and restarts counting. The timer outputs square wave as a result of this continuous operation.

The value of the 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected. Do not write "00y" to the 8/16-bit composite timer 10/11 data register.

When the timer stops operation, the timer output bit (TMCR1:TOO0/TO1) holds the last value.

Figure 14-31. Operation Diagram of Interval Timer Function (Free-run Mode) (Timer 1)

Counter value

FFH

IF bit

* !

Though the TIODR/T11
1 1

DR value is modifiéd, th

1
1 Cleared by program 1

STA bit

1
1
Counter value match*

1Activated

! Matc
! |

[

1
I Matcl

I

hed

hed

[l

1
 Matched

1
| Matched

1

Timer output pin !

*: Even though a match is detected during operation, the counter is not cleared and the data register settings are not reloaded into the comparison data latch.
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14.10 Operation of PWM Timer Function
(Fixed-cycle Mode)
This section describes the operation of the PWM timer function (fixed-cycle mode) of the 8/16-bit composite timer.
m  Operation of PWM Timer Function (Fixed-cycle Mode) (Timer 0)
To use the PWM timer function (fixed-cycle mode), do the settings shown in Figure 14-32..

Figure 14-32. Settings for PWM Timer Function (Fixed-cycle Mode) (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TO1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 1 1
TOOCR1/TO1CR1 |STA |Ho ||E |IR |BF ||F |so |0E |
m m X X X X X m
TMCRO | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m X m m m m m
TOODR/TO1DR | Sets "H" pulse width (compare value) |
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the PWM timer function (fixed-cycle mode), PWM signal that has a fixed cycle and variable "H" pulse width is output
from the timer output pin (TO00/TO01). The cycle is fixed at "FFy" in 8-bit operation or "FFFFy4" in 16-bit operation. The time

is determined by the count clock selected. The "H" pulse width is specified by the value in the 8/16-bit composite timer 00/01
data register (TOODR/T01DR).

This function has no effect on the interrupt flag (TOOCR1/T01CR1:IF). Since each cycle always starts with "H" pulse output,
the timer output initial value setting bit (TOOCR1/T01CR1:SO) has no effect on operation.

The value of the 8/16-bit composite timer 00/01 data register (TOODR/T01DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected.

When the timer stops operation, the timer output bit (TMCRO:TOO0/TO1) holds the last value.

In the output waveform immediately after activation of the timer (write "1" to the STA bit), the "H" pulse is one count clock
shorter than the value set in the TOODR/TO1DR register.
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Figure 14-33. Operation Diagram of PWM Timer Function (Fixed-cycle Mode) (Timer Q)
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Note: When the PWM function has been selected, the timer output pin holds the level at the point when the counter stops
(TOOCRO/TO1CRO:STA = 0).
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m Operation of PWM Timer Function (Fixed-cycle Mode) (Timer 1)
To use the PWM timer function (fixed-cycle mode), do the settings shown in Figure 14-34..

Figure 14-34. Settings for PWM Timer Function (Fixed-cycle Mode) (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 0 1 1
T10CR1/T11CR1 |STA |Ho ||E |IR |BF ||F |so |0E |
m m X X X X X m
TMCR1 | TO1 | TOO | TIS | MOD | FEM | FE10 | FEO1 | FEOO |
m m X m m m m m
T10DR/T11DR | Sets "H" pulse width (compare value) |
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the PWM timer function (fixed-cycle mode), PWM signal that has a fixed cycle and variable "H" pulse width is output
from the timer output pin (TO10/TO11). The cycle is fixed at "FFy" in 8-bit operation or "FFFF4" in 16-bit operation. The time

is determined by the count clock selected. The "H" pulse width is specified by the value in the 8/16-bit composite timer 10/11
data register (T10DR/T11DR).

This function has no effect on the interrupt flag (T10CR1/T11CR1:IF). Since each cycle always starts with "H" pulse output,
the timer output initial value setting bit (T10CR1/T11CR1:S0O) has no effect on operation.

The value of the 8/16-bit composite timer 10/11 data register (T10DR/T11DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a counter value compari-
son match is detected.

When the timer stops operation, the timer output bit (TMCR1:TOO0/TO1) holds the last value.

In the output waveform immediately after activation of the timer (write "1" to the STA bit), the "H" pulse is one count clock
shorter than the value set in the TIODR/T11DR register.
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Figure 14-35. Operation Diagram of PWM Timer Function (Fixed-cycle Mode) (Timer 1)
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Note: When the PWM function has been selected, the timer output pin holds the level at the point when the counter stops
(T10CRO/T11CRO:STA = 0).

14.11 Operation of PWM Timer Function
(Variable-cycle Mode)

This section describes the operation of the PWM timer function (variable-cycle mode) of the 8/16-bit composite timer.
m  Operation of PWM Timer Function (Variable-cycle Mode) (Timer 0)

To use the PWM timer function (variable-cycle mode), do the settings shown in Figure 0.0-1.

Figure 0.0-1 Settings for PWM Timer Function (Variable-cycle Mode) (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TO1CRO | IFE | C2 | c1 | Co | F3 | F2 | F1 | FO |
m m m m 0 1 0 0
TOOCR1/T01CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m x X m x x
TMCRO | TO1 | TOO | TIS | MOD | FE1 | FE10 | FEO1 | FEOO |
m m X X m m m m
TOODR Sets "L" pulse width (compare value)
TO1DR Sets the cycle of PWM waveform (compare value)
O: Bit to be used
x: Unused bit
1: Setto "1"
0: Set to "0"

As for the PWM timer function (variable-cycle mode), both timers 00 and 01 are used. PWM signal of any cycle and of any
duty is output from the timer output pin (TO00). The cycle is specified by the 8/16-bit composite timer 01 data register
(TO1DR), and the "L" pulse width is specified by the 8/16-bit composite timer 00 data register (TOODR).

Since both the 8-bit counters are used for this function, the composite timer cannot form a 16-bit counter.

Enabling timer operation (by setting either TOOCR1:STA = 1 or TO1CR1:STA = 1) sets the mode bit (TMCR0:MOD) to "0". As
the first cycle always begins with "L" pulse output, the timer initial value setting bit (TOOCR1/T01CR1:SO) has no effect on

operation.
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An interrupt flag (TOOCR1/TO1CR1:IF) is set when the 8-bit counter corresponding to that interrupt flag matches the value in
its corresponding 8/16-bit composite timer 00/01 data register (TOODR/T01DR).

The 8/16-bit composite timer 00/01 data register value is transferred to the temporary storage latch (comparison data storage
latch) in the comparator either when the counter starts counting or when a comparison match with each counter value is
detected.

"H" is not output when the "L" pulse width setting value is greater than the cycle setting value.
The count clock must be selected for both timers 00 and 01. Selecting different count clocks for the two timers is prohibited.
When the timer stops operating, the timer output bit (TMCRO0:TOOQ) holds the last output value.

If the 8/16-bit composite timer 00/01 data register is modified during operation, the data written will become valid from the
cycle immediately after the detection of a synchronous match.

Figure 14-36. Operation Diagram of PWM Timer Function (Variable-cycle Mode) (Timer 0)

TOODR register value: "80", TO1DR register value: "80" (duty ratio = 0%)
(timer 00 value > timer 01 value)

Counter timer 00 value 00y > 01,00} > 80,,,00,
Counter timer 01 value OOH = 3QH OOH ;30:100:
o \ k

PWM waveform 1 1

L

TOODR register value: "40", TO1DR register value: "80y" (duty ratio = 50%)

Counter timer 00 value 00y ——>40y, - —— > 00y ———>40, * —~ ')OOH

Counter timer 01 value 00y > 80y,,00 - 980,004
. | . :
1 1

W .
PWM waveform 1
e I_

TOODR register value: "00", TO1DR register value: "FF" (duty ratio = 99.6%)

Counter timer 00 value 00y -~~~ " TTT T "~ > 00y
Counter timer 01 value 00y, ¥ FFy,004

PWM waveform J
wpn

One count width k—)|
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m  Operation of PWM Timer Function (Variable-cycle Mode) (Timer 1)
To use the PWM timer function (variable-cycle mode), do the settings shown in Figure 0.0-2.

Figure 0.0-2 Settings for PWM Timer Function (Variable-cycle Mode) (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m 0 1 0 0
T10CR1/T11CR1 |STA |Ho ||E |IR |BF ||F |so |OE |
1 m m X x m x x
TMCR1 | TO1 | TOO | TIS | MOD | FE1 | FE10 | FEO1 | FEOO |
m m X X m m m m
T10DR Sets "L" pulse width (compare value)
T11DR Sets the cycle of PWM waveform (compare value)
O: Bit to be used
x: Unused bit
1: Set to "1"
0: Setto "0"

As for the PWM timer function (variable-cycle mode), both timers 10 and 11 are used. PWM signal of any cycle and of any
duty is output from the timer output pin (TO10). The cycle is specified by the 8/16-bit composite timer 11 data register
(T1MDR), and the "L" pulse width is specified by the 8/16-bit composite timer 10 data register (T10DR).

Since both the 8-bit counters are used for this function, the composite timer cannot form a 16-bit counter.

Enabling timer operation (by setting either TIOCR1:STA = 1 or T11CR1:STA = 1) sets the mode bit (TMCR1:MOD) to "0". As
the first cycle always begins with "L" pulse output, the timer initial value setting bit (T10CR1/T11CR1:SO) has no effect on
operation.

An interrupt flag (T10CR1/T11CR1:IF) is set when the 8-bit counter corresponding to that interrupt flag matches the value in
its corresponding 8/16-bit composite timer 10/11 data register (T10DR/T11DR).

The 8/16-bit composite timer 10/11 data register value is transferred to the temporary storage latch (comparison data storage
latch) in the comparator either when the counter starts counting or when a comparison match with each counter value is
detected.

"H" is not output when the "L" pulse width setting value is greater than the cycle setting value.
The count clock must be selected for both timers 10 and 11. Selecting different count clocks for the two timers is prohibited.
When the timer stops operating, the timer output bit (TMCR1:TOOQ) holds the last output value.

If the 8/16-bit composite timer 10/11 data register is modified during operation, the data written will become valid from the
cycle immediately after the detection of a synchronous match.
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Figure 14-37. Operation Diagram of PWM Timer Function (Variable-cycle Mode) (Timer 1)

T10DR register value: "80", T11DR register value: "80y" (duty ratio = 0%)
(timer 10 value > timer 11 value)

Counter t?mer 10 value 00y = 380,00, > 804,00,
Counter timer 11 value 00 L > 80y,,00, $80;,,00,4
PWM waveform : : :
e
T10DR register value: "40", T11DR register value: "80" (duty ratio = 50%)
Counter timer 10 value 00 ——>40, - — — ¥ 00y——>40y - ~~ 00y
Counter timer 11 value 00y 80,00 - 980,00

o '
PWM waveform |
o

T10DR register value: "00", T11DR register value: "FF" (duty ratio = 99.6%)

Counter timer 10 value 00y "~ ==~ -————— - - -——————— - > 00y
Counter timer 11 value 00 > FFi,004

T
PWM waveform J

One count width |€=9|

14.12 Operation of PWC Timer Function

This section describes the operation of the PWC timer function of the 8/16-bit composite timer.
m Operation of PWC Timer Function (Timer 0)

To use the PWC timer function, do the settings shown in Figure 14-38..

Figure 14-38. Settings for PWC Timer Function (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TO1CRO | IFE | C2 | C1 | co | F3 | F2 | F1 | FO |
m m m m m m m m
TOOCR1/T01CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m m m m m x
TMCRO |TO1 |Too | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m m m m m m m
TOODR/T01DR | Holds pulse width measurement value |
O: Bit to be used
x: Unused bit
1: Set to "1"

When the PWC timer function is selected, the width and cycle of an external input pulse can be measured. The edges at
which counting starts and ends are selected by the timer operating mode select bits (TOOCRO/TO01CRO:F3, F2, F1, FO).

In the operation of this function, the counter starts counting from "004" immediately after a specified count start edge of an
external input signal is detected. Upon the detection of a specified count end edge, the count value is transferred to the 8/16-
bit composite timer 00/01 data register (TOODR/T01DR), and the interrupt flag (TOOCR1/T01CR1:IR) and the buffer full flag
(TOOCR1/TO1CR1:BF) are set to "1". The buffer full flag is set to "0" when the 8/16-bit composite timer 00/01 data register
(TOODR/TO1DR) is read.

If the buffer full flag is set to "1", the 8/16-bit composite timer 00/01 data register holds data. Even if the next edge is detected
during that time, the next measurement result is lost since the count value has not been transferred to the 8/16-bit composite
timer 00/01 data register.
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There is an exception. With the F3 bit to FO bit in the TOOCRO0/T01CRO register having been set to "1001g", even though the
BF bit is set to "1", the "H" pulse measurement result is transferred to the 8/16-bit composite timer 00/01 data register, while
the cycle measurement result is not transferred to the 8/16-bit composite timer 00/01 data register. Therefore, in order to per-
form cycle measurement, the "H" pulse measurement result must be read before a cycle is completed. In addition, the result
of "H" pulse measurement and that of cycle measurement are lost if they are not read before the completion of the next "H"
pulse.

The time exceeding the range of the counter can be measured by counting the number of counter overflows using the soft-
ware. When the counter overflows, the interrupt flag (TOOCR1/TO1CR1:IF) is set to "1". The interrupt service routine can
therefore be used to count the number of overflows. In addition, the timer output is inverted due to the overflow. The timer out-
put initial value can be set by the timer output initial value bit (TOOCR1/T01CR1:SO).

When the timer stops operating, the timer output bit (TMCRO:TO1/TO0) holds the last value.
Figure 14-39. Operation Diagram of PWC Timer (Example of H-pulse Width Measurement) (Timer 0)

v "H"width
>
Pulse input
(Input waveform to PWC pin) ¥
Countervalue  pry P oo fm e m e mmmmmmm—e--
""""""""" "/’I oot
! > Time
—>,
STA bit J . Counter 1 Cleared by program
' operation ' \
IR bit R —
BF bit y | -
Data transferred from T T
counter to TOODR/TO1DR  TOODR/TO1DR data register read
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m Operation of PWC Timer Function (Timer 1)
To use the PWC timer function, do the settings shown in Figure 14-40..

Figure 14-40. Settings for PWC Timer Function (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 | c1 | co | F3 | F2 | F1 | FO |
m m m m m m m m
T10CR1/T11CR1 |STA |Ho ||E |IR |BF ||F |so |OE |
1 m m m m m m X
TMCR1 |To1 |Too | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
m m m m m m m m
T10DR/T11DR | Holds pulse width measurement value |
O: Bit to be used
x: Unused bit
1: Set to "1"

When the PWC timer function is selected, the width and cycle of an external input pulse can be measured. The edges at
which counting starts and ends are selected by the timer operating mode select bits (T10CR0/T11CRO0:F3, F2, F1, FO).

In the operation of this function, the counter starts counting from "004" immediately after a specified count start edge of an
external input signal is detected. Upon the detection of a specified count end edge, the count value is transferred to the 8/16-
bit composite timer 10/11 data register (T10DR/T11DR), and the interrupt flag (T10CR1/T11CR1:IR) and the buffer full flag
(T10CR1/T11CR1:BF) are set to "1". The buffer full flag is set to "0" when the 8/16-bit composite timer 10/11 data register
(T10DR/T11DR) is read.

If the buffer full flag is set to "1", the 8/16-bit composite timer 10/11 data register holds data. Even if the next edge is detected
during that time, the next measurement result is lost since the count value has not been transferred to the 8/16-bit composite
timer 10/11 data register.

There is an exception. With the F3 bit to FO bit in the T10CRO/T11CRO register having been set to "1001g", even though the
BF bit is set to "1", the "H" pulse measurement result is transferred to the 8/16-bit composite timer 10/11 data register, while
the cycle measurement result is not transferred to the 8/16-bit composite timer 10/11 data register. Therefore, in order to per-
form cycle measurement, the "H" pulse measurement result must be read before a cycle is completed. In addition, the result
of "H" pulse measurement and that of cycle measurement are lost if they are not read before the completion of the next "H"
pulse.

The time exceeding the range of the counter can be measured by counting the number of counter overflows using the soft-
ware. When the counter overflows, the interrupt flag (T10CR1/T11CR1:IF) is set to "1". The interrupt service routine can
therefore be used to count the number of overflows. In addition, the timer output is inverted due to the overflow. The timer out-
put initial value can be set by the timer output initial value bit (T10CR1/T11CR1:SO).

When the timer stops operating, the timer output bit (TMCR1:TO1/TO0) holds the last value.
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Figure 14-41. Operation Diagram of PWC Timer (Example of H-pulse Width Measurement) (Timer 1)

v "H"width
D
Pulse input
(Input waveform to PWC pin) ¥
Countervalue  pry P oo fm e m e mmmmmmm—e--
""""""""" "/'I oot
: s Time
—>,
STA bit J  Counter 1 Cleared by program
' operation ' \
IR bit | I
BF bit y | -
Data transferred from T T
counter to TIODR/T11DR  T10DR/T11DR data register read

14.13 Operation of Input Capture Function

This section describes the operation of the input capture function of the 8/16-bit composite timer.
m  Operation of Input Capture Function (Timer 0)

To use the input capture function, do the settings shown in Figure 14-42..

Figure 14-42. Settings for Input Capture Function (Timer 0)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TO1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |
m m m m m m m m
TOOCR1/TO1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m m x m x x
TMCRO |TO1 |Too |T|s | MOD | FE11 | FE10 | FEO1 | FEO0O |
X X m m m m m m
TOODR/TO1DR | Holds pulse width measurement value |
O: Bit to be used
x: Unused bit
1: Set to "1"

When the input capture function is selected, the counter value is stored to the 8/16-bit composite timer 00/01 data register
(TOODR/T01DR) immediately after an edge of the external signal input is detected. The target edge to be detected is selected
by the timer operating mode select bits (TOOCR0/T01CRO:F3, F2, F1, F0).

This function is available in free-run mode and clear mode, which can be selected by the timer operating mode select bits.

In clear mode, the counter starts counting from "004". When an edge is detected, the counter value is transferred to the 8/16-
bit composite timer 00/01 data register (TOODR/T01DR), the interrupt flag (TOOCR1/T01CR1:IR) is set to "1", and the counter
returns to "004" and restarts counting.

In free-run mode, when an edge is detected, the counter value is transferred to the 8/16-bit composite timer 00/01 data regis-
ter (TOODR/T01DR) and the interrupt flag (TOOCR1/TO1CR1:IR) is set to "1". In this case, the counter continues to count with-
out being cleared.

This function has no effect on the buffer full flag (TOOCR1/T0O1CR1:BF).
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The time exceeding the range of the counter can be measured by counting the number of counter overflows using the soft-
ware. When the counter overflows, the interrupt flag (TOOCR1/TO1CR1:IF) is set to "1". The interrupt service routine can
therefore be used to count the number of overflows. In addition, the timer output is inverted due to the overflow. The timer out-
put initial value can be set by the timer output initial value bit (TOOCR1/T01CR1:SO).

Note:

See "14.16 Notes on Using 8/16-bit Composite Timer" for notes on using the input capture function.

Figure 14-43. Operating Diagram of Input Capture Function (Timer 0)

Capture value
in TOODR/TO1DR

External input

L 5\

. i 4
BFH | 7Fu | 3FH

9FH

Falling edge of capture  Rising edge of capture : Rising edge of
¢ ¢ u:alling edge of ,Lcapture
capture
"
Counter clear mode . Counter free-run mode
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m  Operation of Input Capture Function (Timer 1)
To use the input capture function, do the settings shown in Figure 14-44..

Figure 14-44. Settings for Input Capture Function (Timer 1)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
T10CRO/T11CRO | IFE | C2 | C1 |co | F3 | F2 | F1 | FO |
m m m m m m m m
T10CR1/T11CR1 | STA | HO | IE | IR | BF | IF | SO | OE |
1 m m m X m x x
TMCR1 |TO1 |Too |TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
X X m m m m m m
T10DR/T11DR | Holds pulse width measurement value |
O: Bit to be used
x: Unused bit
1: Set to "1"

When the input capture function is selected, the counter value is stored to the 8/16-bit composite timer10/11 data register
(T10DR/T11DR) immediately after an edge of the external signal input is detected. The target edge to be detected is selected
by the timer operating mode select bits (T10CR0/T11CRO:F3, F2, F1, FO0).

This function is available in free-run mode and clear mode, which can be selected by the timer operating mode select bits.

In clear mode, the counter starts counting from "004". When an edge is detected, the counter value is transferred to the 8/16-
bit composite timer 10/11 data register (T10DR/T11DR), the interrupt flag (T10CR1/T11CR1:IR) is set to "1", and the counter
returns to "004" and restarts counting.

In free-run mode, when an edge is detected, the counter value is transferred to the 8/16-bit composite timer 10/11 data regis-
ter (T10DR/T11DR) and the interrupt flag (T10CR1/T11CR1:IR) is set to "1". In this case, the counter continues to count with-
out being cleared.

This function has no effect on the buffer full flag (T10CR1/T11CR1:BF).

The time exceeding the range of the counter can be measured by counting the number of counter overflows using the soft-
ware. When the counter overflows, the interrupt flag (T10CR1/T11CR1:IF) is set to "1". The interrupt service routine can
therefore be used to count the number of overflows. In addition, the timer output is inverted due to the overflow. The timer out-
put initial value can be set by the timer output initial value bit (T10CR1/T11CR1:SO).

Note:

See "14.16 Notes on Using 8/16-bit Composite Timer" for notes on using the input capture function.
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Figure 14-45. Operating Diagram of Input Capture Function (Timer 1)

Capture value

in T10DR/T11DR WIS L9y
Falling edge of capture ~ Rising edge of capture 'Rising edge of
. ¢ ¢ u:allmg edge of ,Lcapture
External input Icapture
) H L ,
Counter clear mode Counter free-run mode

14.14 Operation of Noise Filter

This section describes the operation of the noise filter of the 8/16-bit composite timer.

When the input capture function or PWC timer function is selected, a noise filter can be used to eliminate the pulse noise of
the signal from the external input pin (ECO/EC1). H-pulse noise, L-pulse noise, or H/L-pulse noise elimination can be selected
by the FE11, FE10, FEO1 and FEQO bits in the TMCRO/TMCR1 register. The maximum pulse width that can be eliminated is
three machine clock cycles. If the noise filter function is activated, the signal input will be delayed for four machine clock
cycles.

Figure 14-46. Operation of Noise Filter

Sampling l | | | | | | | | | |

filter clock X L | | |

1
1
External I_| |
input signal . I
! H

1

1

I

Cupatter —1
L

Output filter

"L" noise

Output filter
"H"/"L" noise

14.15 States in Each Mode during Operation

This section describes how the 8/16-bit composite timer behaves when the microcontroller transits to watch mode or stop
mode or when a suspend (TOOCR1/TO1CR1/T10CR1/T11CR1:HO = 1) request is made during operation.

m  When Interval Timer, Input Capture, or PWC Function Is Selected

Figure 14-47. shows how the counter value changes when the microcontroller transits to watch mode or stop mode, or a sus-
pend request is made during the operation of the 8/16-bit composite timer.

The counter stops operating while holding the value when the microcontroller transits to stop mode or watch mode. When the
stop mode or watch mode is released by an interrupt, the counter resumes operating with the last value that it holds. There-
fore, the first interval time or the initial external clock count value is incorrect. Always initialize the counter value after the
microcontroller is released from stop mode or watch mode.
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Figure 14-47. Operations of Counter in Standby Mode or in Pause (Not Serving as PWM Timer)
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1 1 1 il il
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Figure 14-48. Operations of Counter in Standby Mode or in Pause (Serving as PWM Timer)
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*: The PWM timer output maintains the value held before it enters the stop mode.

230 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



8/16-Bit Composite Timer

Embedded in Tomorrow™

14.16 Notes on Using 8/16-bit Composite Timer

This section provides notes on using the 8/16-bit composite timer.
m Notes on Using 8/16-bit Composite Timer

a

To switch the timer function with the timer operating mode select bits (TOOCR0/T01CRO/T10CRO/T11CRO:F3, F2, F1,
FO0), stop the timer operation first (TOOCR1/TO1CR1/T10CR1/T11CR1:STA = 0), then clear the interrupt flag (TOOCR1/
TO1CR1/T10CR1/T11CR1:IF, IR), the interrupt enable bits (TOOCR1/T01CR1/T10CR1/T11CR1:IE, TOOCR0/T01CRO0/
T10CRO/T11CRO:IFE) and the buffer full flag (TOOCR1/T01CR1/T10CR1/T11CR1:BF).

In the case of using the input capture function, when both edges of the external input signal is selected as the timing at
which the 8/16-bit composite timer captures a counter value (TOOCR0/T01CRO/T10CR0O/T11CRO:F3, F2, F1, FO =
1100g or 1111g) while "H" level external input signal is being input, the first falling edge will be ignored, no counter
value will be transferred to the data register (TOODR/TO1DR/T10DR/T11DR), and pulse width measurement comple-
tion/edge detection flag (TOOCR1/T01CR1/T10CR1/T11CR1:IR) will not be set either.

In counter clear mode, the counter will not be cleared at the first falling edge and no data will be transferred to the data
register either. The 8/16-bit composite timer will start the input capture operation from the next rising edge.

In counter free-run mode, no data will be transferred to the data register at the first falling edge. The 8/16-bit composite
timer will start the input capture operation from the next rising edge.

a

In 8-bit operating mode (TMCRO/TMCR1:MOD = 0) of the PWM timer function (variable-cycle mode), when modifying
the 8/16-bit composite timer 00/01 data register (TOODR/T01DR) during counter operation, modify TO1DR first and
then TOODR.

The same setting sequence requirement is also applicable to the 8/16-bit composite timer 10/11 data register (T10DR/
T11DR).
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This chapter describes the functions and operations of the external interrupt circuit.
15.10verview of External Interrupt Circuit

15.2Configuration of External Interrupt Circuit

15.3Channels of External Interrupt Circuit

15.4Pins of External Interrupt Circuit

15.5Registers of External Interrupt Circuit

15.6Interrupts of External Interrupt Circuit

15.70perations of External Interrupt Circuit and Setting Procedure Example
15.8Notes on Using External Interrupt Circuit

15.9Example of Setting External Interrupt Circuit

15.1 Overview of External Interrupt Circuit

The external interrupt circuit detects edges on the signal that is input to the external interrupt pin, and outputs interrupt
requests to the interrupt controller.

m  Function of External Interrupt Circuit
The external interrupt circuit detects any edge of a signal that is input to an external interrupt pin and generates interrupt
requests to the interrupt controller. The interrupt generated according to this interrupt request can cause the device to wake

up from standby mode and return to its normal operating state. Therefore, the operating mode of the device can be changed
when a signal is input to the external interrupt pin.

15.2 Configuration of External Interrupt Circuit

The external interrupt circuit consists of the following blocks:
m Edge detection circuit
m External interrupt control register
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m Block Diagram of External Interrupt Circuit
Figure 15-1. is the block diagram of the external interrupt circuit.

Figure 15-1. Block Diagram of External Interrupt Circuit

=
CYPRESS

Embedded in Tomorrow™

External Interrupt Circuit
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o Edge detection circuit

When the polarity of the edge detected on a signal input to an external interrupt circuit pin (INT) matches the polarity of the

edge selected in the interrupt control register (EIC), a corresponding external interrupt request flag bit (EIR) is set to "1".

o External interrupt control register (EIC)

This register is used to select an edge, enable or disable interrupt requests, check for interrupt requests, etc.

15.3

Channels of External Interrupt Circuit

This section describes the channels of the external interrupt circuit.

m  Channels of External Interrupt Circuit

The MB95560H/580H Series has three units of external interrupt circuit.

Table 15-1. shows the pins of the external interrupt circuit and Table 15-2. shows its registers.

Table 15-1. Pins of External Interrupt Circuit (MB95560H/580H Series)

Unit Pin name Pin function
1 INTO2 External interrupt input ch. 2
INTO3 External interrupt input ch. 3
2 INTO4 External interrupt input ch. 4
INTO5 External interrupt input ch. 5
INTO6 External interrupt input ch. 6
3 INTO7 External interrupt input ch. 7
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Table 15-2. Registers of External Interrupt Circuit (MB95560H/580H Series)

Unit abT)(:g\ll?:tei:)n Corresponding register (Name in this manual)
1 EIC10
EIC20 External interrupt control register
3 EIC30

The MB95570H Series has two units of external interrupt circuit.

Table 15-3. shows the pins of the external interrupt circuit and Table 15-4. shows its registers.

Table 15-3. Pins of External Interrupt Circuit (MB95570H Series)

Unit Pin name Pin function
INTO4 External interrupt input ch. 4
3 INTO6 External interrupt input ch. 6

Table 15-4. Registers of External Interrupt Circuit (MB95570H Series)

. Register . . . .
Unit abbreviation Corresponding register (Name in this manual)
2 EIC20
External interrupt control register
EIC30

In the following sections, only details of unit 10of the external interrupt circuit are provided.

Details of other units of the external interrupt circuit are the same as those of unit 1.

15.4 Pins of External Interrupt Circuit

This section provides details of the pins of the external interrupt circuit and the block diagrams of such pins.
m  Pins of External Interrupt Circuit

In the MB95560H/580H Series, the pins of the external interrupt circuit are the INT02 to INTO7 pins.
7 INTO2 to INTO7 pins
These pins serve both as external interrupt input pins and as general-purpose I/O ports.

INTO2 to INTO7: If a pin of INTO2 to INTO7 is set as an input port by the port direction register (DDR) and the correspond-
ing external interrupt input is enabled by the external interrupt control register (EIC), that pin functions as
an external interrupt input pin (INT02 to INTO07).

The state of a pin can always be read from the port data register (PDR) when that pin is set as an input
port. The value of PDR can be read by using the read-modify-write (RMW) type of instruction.

In the MB95570H Series, the pins of the external interrupt circuit are the INT04 to INTO6 pins.
T INTO4 to INTO6 pins

These pins serve both as external interrupt input pins and as general-purpose I/O ports.

INTO4 to INTO6: If a pin of INTO4 to INTO6 is set as an input port by the port direction register (DDR) and the correspond-
ing external interrupt input is enabled by the external interrupt control register (EIC), that pin functions as
an external interrupt input pin (INT04 to INT06).

The state of a pin can always be read from the port data register (PDR) when that pin is set as an input
port. The value of PDR can be read by using the read-modify-write (RMW) type of instruction.
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m Block Diagrams of Pins of External Interrupt Circuit

Figure 15-2. Block Diagram of INT02, INTO3 and INT05
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Figure 15-3. Block Diagram of INT04
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Figure 15-4. Block Diagram of INT06
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Figure 15-5. Block Diagram of INTO7
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15.5 Registers of External Interrupt Circuit
This section describes the registers of the external interrupt circuit.

m Registers of External Interrupt Circuit

Figure 15-6. shows the registers of the external interrupt circuit.

Figure 15-6. Registers of External Interrupt Circuit

External interrupt control register (EIC)

Address bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0  Initial value

EIC10 0049, |EIRT [sL11 [sL10 |EIE1 [ERO  [SLO1  [SLoo |EIEO | 00000000g

{}}RW ) RW  RW  RW

{}}RW ) RW  RW  RW

bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0  Initial value

EIC20  004A4 [EIR1 [SL11  [sL10 |EIE1 |EIRO  [SLO1 [SLO0 |EIE0 | 00000000g

R(RM1), R(RM1),
W R/W R/W R/W W

R/wW R/W R/W

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value

EIC30  004By |EIRT [sL11 [sL10 |EIE1 [ERO  [SLO1  [SLoo |EIEO | 00000000

R(RM1), R(RM1),
W RIW RIW RIW W

R/W:Readable/writable (The read value is the same as the write value.)

R/W R/W R/W

R(RM1), W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write
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External Interrupt Control Register (EIC10)

The external interrupt control register (EIC10) is used to select the edge polarity for the external interrupt input and control

interrupts.

m  External Interrupt Control Register (EIC10)

Figure 15-7. External Interrupt Control Register (EIC10)

Address

EIC10 0049+
EIC20 004AH
EIC30 004BH

bit7

bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

EIR1

SL11 | SL10 | EIE1 | EIRO | SLO1 | SLOO | EIEO | 000000008

RRM1),W RW R/W R/W RRM1H))W RW RW R/W

R/W

: Readable/writable (The read value is the same as the write value.)
R(RM1),W :

: Initial value

|—> EIEO Interrupt request enable bit 0
0 Disables output of interrupt request.
1 Enables output of interrupt request.
»| SLO1 | SLOO Edge polarity select bits 0
0 0 No edge detection
1 Rising edge
1 0 Falling edge
1 1 Both edges
»| EIRO External interrupt request flag b.it 0
Read Write
0 Specified edge not input | Clears this bit
1 Specified edge input No change, no effect on others
> EIE1 Interrupt request enable bit 1
0 Disables output of interrupt request.
1 Enables output of interrupt request.
» SL11 | SL10 Edge polarity select bits 1
0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
» EIR1 External interrupt request flag bit 1
Read Write
0 Specified edge not input | Clears this bit
1 Specified edge input No change, no effect on others

Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)
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Table 15-5. Functions of Bits in External Interrupt Control Register (EIC10)

Bit name Function
This flag is set to "1" when the edge selected by the edge polarity select bits (SL11, SL10) is
EIR1: input to the external interrupt pin INT03.
. o When this bit and the interrupt request enable bit 1 (EIE1) are set to "1", an interrupt request
bit7 | External interrupt is output.
request flag bit 1 Writing "0" clears this bit. Writing "1" has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
These bits select the polarity of an edge of the pulse input to the external interrupt pin INT03.
The edge selected is to be the interrupt source.
bit6, SL11, SL10: If these bits are set to "00g", edge detection is not performed and no interrupt request is
bits | Edge polarity select bits | pade.
1 If these bits are set to "01g", rising edges are to be detected; if "10g", falling edges are to be
detected; if "11g", both edges are to be detected.
This bit is used to enable and disable output of interrupt requests to the interrupt controller.
When this bit and the external interrupt request flag bit 1 (EIR1) are "1", an interrupt request is
EIE1: output.
bit4 Interrupt request enable | When using an external interrupt pin, write "0" to the corresponding bit in the port direction
bit 1 register (DDR) to set the pin as an input port.
The status of the external interrupt pin can be read directly from the port data register, regard-
less of the status of the interrupt request enable bit.
This flag is set to "1" when the edge selected by the edge polarity select bits (SLO1, SL0O0) is
EIRO: input to the external interrupt pin INTO2.
. T When this bit and the interrupt request enable bit 0 (EIEQ) are set to "1", an interrupt request
bit3 External interrupt is output.
request flag bit 0 Writing "0" clears this bit. Writing "1" has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
These bits select the polarity of an edge of the pulse input to the external interrupt pin INT02.
The edge selected is to be the interrupt source.
bit2, SLO1, SLO(_): ) If these bits are set to "00g", edge detection is not performed and no interrupt request is
bit1 Edge polarity select bits | made.
0 If these bits are set to "01g", rising edges are to be detected; if "10g", falling edges are to be
detected; if "11g", both edges are to be detected.
This bit enables or disables the output of interrupt requests to the interrupt controller. An inter-
. rupt request is output when this bit and the external interrupt request flag bit 0 (EIRO) are "1".
EIEO: . . . o wn . e S
bit0 Interrupt request enable When using an external interrupt pin, write "0" to the corresponding bit in the port direction
bt 0 ptreq register (DDR) to set the pin as an input port.
The status of the external interrupt pin can be read directly from the port data register, regard-
less of the status of the interrupt request enable bit.

15.6

The interrupt sources for the external interrupt circuit include detection of the specified edge of the signal input to an external
interrupt pin.

Interrupts of External Interrupt Circuit

m Interrupt During Operation of External Interrupt Circuit

When the specified edge of external interrupt input is detected, the corresponding external interrupt request flag bit (EIC:
EIRO, EIR1) is set to "1". In this case, if the interrupt request enable bit (EIC: EIEQ, EIE1 = 1) corresponding to that external
interrupt request flag bit is enabled, an interrupt request is generated to the interrupt controller. In an interrupt service routine,
write "0" to the external interrupt request flag bit corresponding to that interrupt request generated to clear the interrupt
request.

m Registers and Vector Table Addresses Related to Interrupts of External Interrupt Circuit

Table 15-6. MB95560H/580H Series Registers and Vector Table Addresses Related to Interrupts of External Interrupt Circuit

Interrupt Interrupt level setting register Vector table address
Interrupt source - . :
request no. Register Setting bit Upper Lower
External interrupt ch. 4 IRQ00 ILRO L0O FFFAY FFFBy
External interrupt ch. 5 IRQO1 ILRO LO1 FFF8y FFF9y
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Table 15-6. MB95560H/580H Series Registers and Vector Table Addresses Related to Interrupts of External Interrupt Circuit

Interrupt Interrupt level setting register Vector table address
Interrupt source . : 5
request no. Register Setting bit Upper Lower

External interrupt ch. 2

- P IRQ02 ILRO L02 FFF64 FFF7y4
External interrupt ch. 6
External interrupt ch. 3

- P IRQ03 ILRO LO3 FFF4, FFF5y4
External interrupt ch. 7

Table 15-7. MB95570H Series Registers and Vector Table Addresses Related to Interrupts of External Interrupt Circuit

Interrupt Interrupt level setting register Vector table address
Interrupt source - - -
request no. Register Setting bit Upper Lower
External interrupt ch. 4 IRQO0 ILRO L0O FFFAY FFFBy
External interrupt ch. 6 IRQ02 ILRO L02 FFF6y FFF7y

ch.: Channel

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

15.7 Operations of External Interrupt Circuit and Setting Procedure

Example
This section describes the operations of the external interrupt circuit.
m  Operations of External Interrupt Circuit

When the polarity of an edge of a signal input from one of the external interrupt pins (INT02, INT03) matches the polarity of
the edge selected by the external interrupt control register (EIC:SL01, SLOO or EIC:SL11, SL10), the corresponding external
interrupt request flag bit (EIC:EIR1, EIRO) is set to "1" and the interrupt request is generated.

Always set the interrupt request enable bit to "0" when not using an external interrupt to wake up the device from standby
mode.

When setting the edge polarity select bit (SL), set the interrupt request enable bit (EIE) to "0" to prevent the interrupt request
from being generated accidentally. Also clear the interrupt request flag bit (EIR) to "0" after changing the edge polarity.

Figure 15-8. shows the operations for setting the INT02 pin as an external interrupt input.
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Figure 15-8. Operations of External Interrupt
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m  Setting Procedure Example

Below is an example of procedure for setting the external interrupt circuit.

o Initial settings

1.Set the interrupt level. (ILRO)

2.Select the edge polarity. (EIC:SL01, SLOO)
3.Enable interrupt requests. (EIC:EIEQ = 1)

o Interrupt processing

1.Clear the interrupt request flag. (EIC:EIRO = 0)

2.Process any interrupt.

Note:

CYPRESS

Embedded in Tomorrow

An external interrupt input port shares the same pin with an 1/O port. Therefore, when using the pin as an external interrupt

input port, set the bit in the port direction register (DDR) corresponding to that pin to "0" (input).

15.8 Notes on Using External Interrupt Circuit

This section provides notes on using the external interrupt circuit.

m  Notes on Using External Interrupt Circuit

a Prior to setting the edge polarity select bit (SL), set the interrupt request enable bit (EIE) to "0" (disabling interrupt
requests). In addition, clear the external interrupt request flag bit (EIR) to "0" after setting the edge polarity.

o The external interrupt circuit cannot wake up from the interrupt service routine if the external interrupt request flag bit
is "1" and the interrupt request enable bit is enabled. In the interrupt service routine, always clear the external interrupt

request flag bit.

15.9 Example of Setting External Interrupt Circuit

This section describes the example of external interrupt circuit.

m  Example of Setting Methods

o Detection levels and setting methods

Four detection levels are available: no edge detection, rising edge, falling edge, both edges

The detection level bits (EIC:SL0O1, SLOO or EIC:SL11, SL10) are used.

Operating mode

Detection level bits (SL01, SL00 or SL11, SL10)

No edge detection Set to "00g"
Detecting rising edges Set to "01g"
Detecting falling edges Set to "10g"
Detecting both edges Set to "11g"

o  How to use the external interrupt pin

Set a corresponding bit in the data direction register (DDRO) to "0".

Operation Direction bit (P02 to P07) Setting
Using INT02 pin for external interrupt DDRO: P02 Set to "0"
Using INTO3 pin for external interrupt DDRO: P03 Set to "0"
Using INT04 pin for external interrupt DDRO: P04 Set to "0"
Using INTO5 pin for external interrupt DDRO: P05 Setto "0"
Using INT06 pin for external interrupt DDRO: P06 Setto "0"
Using INTO7 pin for external interrupt DDRO: PO7 Set to "0"
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a Interrupt-related registers

The interrupt level is set by the interrupt level setting registers shown in the following table.

Channel Interrupt level setting register Interrupt vector

h. 2 Interrupt level setting register (ILRO) #2

e Address: 00079y Address: OFFF6y
h. 3 Interrupt level setting register (ILRO) #3

e Address: 00079 Address: OFFF4,,
h 4 Interrupt level setting register (ILRO) #0

e Address: 00079 Address: OFFFAy
h 5 Interrupt level setting register (ILRO) #1

en: Address: 00079y Address: OFFF8y
h 6 Interrupt level setting register (ILRO) #2

en: Address: 00079y Address: OFFF6y
h 7 Interrupt level setting register (ILRO) #3

en: Address: 00079y Address: OFFF4

a How to enable/disable/clear interrupt requests

Interrupts requests are enabled/disabled by the interrupt request enable bit (EIC00: EIEO or EIE1).

Operation Interrupt request enable bit (EIEO or EIE1)
To disable an interrupt requests Set to "0"
To enable an interrupt request Setto "1"

Interrupt requests are cleared by the interrupt request bit (EIC00: EIRO or EIR1).

Operation Interrupt request bit (EIR0 or EIR1)

To clear an interrupt request Set to "0"
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This chapter describes the functions and operations of the LIN-UART. (The LIN-UART is only available on the MB95560H/

580H Series.)

16.10verview of LIN-UART
16.2Configuration of LIN-UART
16.3Pins of LIN-UART
16.4Registers of LIN-UART
16.1LIN-UART Interrupts
16.1LIN-UART Baud Rate

16.10perations of LIN-UART and LIN-UART Setting Procedure Example

16.1Notes on Using LIN-UART
16.2Example of Setting LIN-UART

16.1 Overview of LIN-UART

The LIN (Local Interconnect Network)-UART is a general-purpose serial data communication interface for synchronous or
asynchronous (start-stop synchronization) communication with external devices. In addition to a bi-directional communication
function (normal mode) and master/slave communication function (multiprocessor mode: supports both master and slave
operation), the LIN-UART also supports special functions with the LIN bus.

m Functions of LIN-UART

The LIN-UART is a general-purpose serial data communication interface for exchanging serial data with other CPUs and
peripheral devices. Table 16-1. lists the functions of the LIN-UART.

Table 16-1. Functions of LIN-UART (Sheet 1 of 2)

\

Function

Data buffer

Full-duplex double-buffer

Serial input

The LIN-UART oversamples received data for five times to determine the received
value by majority of sampling values (only asynchronous mode).

Transfer mode

Clock synchronous (Select start/stop synchronization, or start/stop bits)
Clock asynchronous (Start/stop bits available)

Dedicated baud rate generator provided (made of a 15-bit reload counter)

Baud rate The external clock can be inputted. It can be adjusted by the reload counter.
Data length ; E:Iz (not in synchronous or LIN mode)

Signal type NRZ (Non Return to Zero)

Start bit timing Synchronization with the start bit falling edge in asynchronous mode.

Reception error detection

Framing error
Overrun error
Parity error (Not supported in operating mode 1)
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Table 16-1. Functions of LIN-UART (Sheet 2 of 2)

\

Function

Interrupt request

Receive interrupts (reception completed, reception error detected, LIN synch break
detected)

Transmit interrupts (transmit data empty)
Interrupt requests to THO (LIN synch field detected: LSYN)

Master/slave mode communication
function (Multiprocessor mode)

Capable of 1 (master) to n (slaves) communication
(supports both the master and slave system)

Synchronous mode

Transmit side/receive side of serial clock

Pin access

Serial I/O pin states can be read directly.

LIN bus option

Master device operation

Slave device operation

LIN synch break detection

LIN synch break generation

Detection of LIN synch field start/stop edges connected to the 8/16-bit composite timer

Synchronous serial clock

Continuous output to the SCK pin enabled for synchronous communication using the
start/stop bits

Clock delay option

Special synchronous clock mode for delaying the clock (used in Special Peripheral

Interface (SPI))
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The LIN-UART operates in four different modes. The operating mode is selected by the MDO and MD1 bits in the LIN-UART
serial mode register (SMR). Operating mode 0 and operating mode 2 are used for bi-directional serial communication; operating
mode 1 for master/slave communication; and operating mode 3 for LIN master/slave communication.

Table 16-2. LIN-UART Operating Modes

Data length Synchronou
Operating mode N o With it S Stop bit length | Data bit format
o parity ith parity method
0 | Normal mode 7 bits or 8 bits Asynchronous
o IYNT ” - - " A " 1 bit or 2 bits LSB first
ultiprocessor mode | 7 bits or 8 bits +1 | - synchronous MSB first
2 | Normal mode 8 bits Synchronous | None, 1 bit, 2 bits
3 | LIN mode 8 bits |- Asynchronous | 1 bit LSB first

- Unavailable
*:"+1" is the address/data select bit (AD) used for communication control in multiprocessor mode.

The MDO and MD1 bits in the LIN-UART serial mode register (SMR) are used to select the following LIN-UART operating
modes.

Table 16-3. LIN-UART Operating Modes

Operatin
MD1 MDO e Type
0 0 0 Asynchronous (Normal mode)
0 1 1 Asynchronous (Multiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)

o Operating mode 1 supports both master and slave operation for the multiprocessor mode.
o The communication format of operating mode 3 is fixed: 8-bit data, no parity, stop bit 1, LSB-first.

16.2 Configuration of LIN-UART

LIN-UART is made up of the following blocks.

Reload counter

Receive control circuit

Receive shift register

LIN-UART receive data register (RDR)

Transmit control circuit

Transmit shift register

LIN-UART transmit data register (TDR)

Error detection circuit

Oversampling circuit

Interrupt generation circuit

LIN synch break/synch field detection circuit

Bus idle detection circuit

LIN-UART serial control register (SCR)

LIN-UART serial mode register (SMR)

LIN-UART serial status register (SSR)

LIN-UART extended status control register (ESCR)
LIN-UART extended communication control register (ECCR)
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m Block Diagram of LIN-UART
Figure 16-1. Block Diagram of LIN-UART
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Error : . : . Bus idle LBR
: ' : ' ! detection LBL1
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o Reload counter

This block is a 15-bit reload counter functioning as a dedicated baud rate generator. The block consists of a 15-bit register for
reload values; it generates the transmit/receive clock from the external or internal clock. The count value in the transmit reload
counter is read from the baud rate generator1, 0 (BGR1 and BGRO).

7 Receive control circuit
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This block consists of a receive bit counter, a start bit detection circuit, and a receive parity counter. The receive bit counter
counts the receive data bits and sets a flag in the LIN-UART receive data register when the reception of one data is com-
pleted according to the specified data length. If the receive interrupt has been enabled, a receive interrupt request is made.
The start bit detection circuit detects a start bit in a serial input signal. When a start bit is detected, the circuit sends a signal to
the reload counter in synchronization with the start bit falling edge. The receive parity counter calculates the parity of the
received data.

o Receive shift register
The circuit captures received data from the SIN pin while performing bit shifting of received data. The receive shift register
transfers received data to the RDR register.

a LIN-UART receive data register (RDR)

This register retains the received data. Serial input data is converted and stored in the LIN-UART receive data register.

o Transmit control circuit
This block consists of a transmit bit counter, a transmit start circuit, and a transmit parity counter. The transmit bit counter
counts the transmit data bits and sets a flag in the transmit data register when the transmission of one data is completed
according to the specified data length. If the transmit interrupt has been enabled, a transmit interrupt request is made. The

transmit start circuit starts transmission when data is written to the TDR. The transmit parity counter generates a parity bit for
data to be transmitted if the data has a parity.

o Transmit shift register
Data written to the LIN-UART transmit data register (TDR) is transferred to the transmit shift register, and then the transmit
shift register outputs the data to the SOT pin while performing bit shifting of the data.

o LIN-UART transmit data register (TDR)

This register sets the transmit data. Data written to this register is converted to serial data and then output.
o Error detection circuit

This circuit detects errors occurring at the end of reception. If an error occurs, a corresponding error flag is set.

3 Oversampling circuit
In asynchronous mode, the oversampling circuit oversamples received data for five times to determine the received value by
majority of sampling values. The circuit stops operating in synchronous mode.

o Interrupt generation circuit
This circuit controls all interrupt sources. An interrupt is generated immediately provided that the corresponding interrupt
enable bit has been set.

a LIN synch break/synch field detection circuit
This circuit detects a LIN synch break when the LIN master node transmits a message header. The LBD flag is set when the

LIN synch break is detected. An internal signal is output to 8/16-bit composite timer in order to detect the first and the fifth fall-
ing edges of the LIN synch field and to measure the actual serial clock synchronization transmitted by the master node.

o LIN synch break generation circuit

This circuit generates a LIN synch break with a length set.
o Bus idle detection circuit
If this circuit detects that no transmission or reception is in progress, it sets the TBI flag bit or the RBI flag bit to "1" respec-
tively.
3 LIN-UART serial control register (SCR)
Its operating functions are as follows:
o  Setting the use of the parity bit
o Parity bit select
o Setting stop bit length
a Setting data length
m!

Selecting the frame data format in operating mode 1
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Clearing the error flag
Enabling/disabling transmission
Enabling/disabling reception
LIN-UART serial mode register (SMR)

a a o a

Its operating functions are as follows:
o Selecting the LIN-UART operating mode
Selecting the clock input source
Selecting between one-to-one connection to the external clock and connection to the reload counter
Resetting the dedicated reload timer
LIN-UART software reset (maintaining register settings)
Enabling/disabling output to the serial data pin
Enabling/disabling output to the clock pin
LIN-UART serial status register (SSR)

O o o o o o oo

Its operating functions are as follows:

a Checking transmission/reception or error status
Selecting the transfer direction (LSB-first or MSB-first)
Enabling/disabling receive interrupts
Enabling/disabling transmit interrupts

a a o a

Extended status control register (ESCR)

Its operating functions are as follows:
o Enabling/disabling LIN synch break interrupts
LIN synch break detection
Selecting LIN synch break length
Direct access to SIN pin and SOT pin
Setting continuous clock output in LIN-UART synchronous clock mode

g a o a o

Sampling clock edge selection
o LIN-UART extended communication control register (ECCR)

Its operating functions are as follows:
0 Bus idle detection
o Synchronous clock setting
a LIN synch break generation
m Input Clock

The LIN-UART uses a machine clock or an input signal from the SCK pin as an input clock.

The input clock is used as the transmission/reception clock source of the LIN-UART.
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16.3 Pins of LIN-UART

This section describes LIN-UART pins.
m  LIN-UART Pins of LIN-UART

The LIN-UART pins are also used as general-purpose ports. Table 16-4. lists the LIN-UART pin functions and settings for

using them.

Table 16-4. Pins of LIN-UART

CYPRESS

Embedded in Tomorrow

Pin name Pin function Settings required for using pin

. . Set to the input port

SIN Serial data input (DDR: corresponding bit = 0)
. Enable output.

SOT Serial data output (SMR:SOE = 1)

Set to the input port when this pin is used for clock input.

. . (DDR: corresponding bit = 0)

SCK Serial clock input/output

Enable output when this pin is used as an clock output pin.
(SMR:SCKE = 1)
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m Block Diagrams of LIN-UART Pins
Figure 16-2. Block Diagram of SCK and SOT

LIN-UART

A/D analog input —— o~ 0———
| Peripheral function input
IPeripheral function ir]lput enable |
! (INTO2, INTO3) |
IPeripheral function output enable!
L _ __Peripheral function output;
) /77 pull-up
0 N
PDR read ! N < M~
PDR ‘ V L
PDR write
Executing bit manipulation instruction %
DDR read
2 )
T DDR write Stop, Watch (SPL = 1)
£
]
< PUL read
PUL
PUL write
AIDR read
AIDR
AIDR write
N

pin
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Figure 16-3. Block Diagram of SIN
_________________ A/D analog input —o0"0—

Peripheral function input;-
Peripheral function input enable;
(INTO4),
“““““““““ Hysteresis
~) s
0 Pull-up
PDR read . —|
—| >—| PDR ™ pin
PDR write
Executing bit manipulation instruction
DDR read
(%)
£ |>—{oon | SID
«© .
S | DDRwrite  stop, Watch (SPL=1)
kS
PUL read
PUL
PUL write
AIDR read
AIDR
AIDR write
——
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16.4 Registers of LIN-UART
This section lists the registers of the LIN-UART.
m Registers of LIN-UART
Figure 16-4. Registers of LIN-UART
LIN-UART serial control register (SCR)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0050, [PEN [P [sBL |cL [AD [CRE [RXE  |[TXE  |00000000g
R/W R/W R/W R/W R/W RO,W R/W R/W
LIN-UART serial mode register (SMR)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0051 [(MD1  |MDO  |OTO  |[EXT  |REST [UPCL [SCKE [SOE 00000000
R/W R/W R/W R/W RO,W RO,W R/W R/W
LIN-UART serial status register (SSR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0052 [PE [ORE ~|FRE  |RDRF [TDRE [BDS [RIE [TIE |00001000g
R/WX R/WX R/WX R/WX R/WX R/W R/W R/W
LIN-UART receive data register/transmit data register (RDR/TDR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0053 [D7 (D6 D5 [D4 b3 |D2 D1 [Do |000000005
R/W R/W R/W R/W R/W R/W R/W R/W
LIN-UART extended status control register (ESCR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0054y, [LBIE |LBD  |LBL1 [LBLO [SOPE [SIOP ~ |CCO  [SCES  |00000100g
rRw  fRMD R rw R RRMD R R
LIN-UART extended communication control register (ECCR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
00554 [Reserved|LBR  [MS [SCDE  [ssM  |Reserved|RBI [TBI |000000XXg
RX,W0 ROW R/W R/W R/W RX,W0 R/WX R/WX
LIN-UART baud rate generator register 1 (BGR1)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
OFBCy [ [BGR14 |BGR13 [BGR12 [BGR11 [BGR10 [BGR9 |BGR8  [00000000g
RO/WX R/W R/W R/W R/W R/W R/W R/W
LIN-UART baud rate generator register 0 (BGRO)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
OFBDy [BGR7 [BGR6 [BGR5 |[BGR4 |[BGR3 [BGR2 [BGR1 [BGRO  |00000000g
R/W R/W R/W R/W R/W R/W R/W R/W
R/W:Readable/writable (The read value is the same as the write value.)
R(RM1), W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write (RMW)
type of instruction.)
R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)
RO, W:Write only (Writable. The read value is "0".)
RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
RX,WO0:The read value is indeterminate; the write value is "0".
-:Undefined bit

254



LIN-UART 2 CYPRESS

Embedded in Tomorrow

16.4.1 LIN-UART Serial Control Register (SCR)

The LIN-UART serial control register (SCR) is used to set parity, select the stop bit length and data length, select the frame
data format in operating mode 1, clear the receive error flag, and enable/disable transmission/reception.

m LIN-UART Serial Control Register (SCR)
Figure 16-5. LIN-UART Serial Control Register (SCR)

Address bit7 bite bits5 bitd bit3 bit2 bit1 bit0 Initial value
00504 Toen] p | seL| cL [ Ap [cre|rxe[Txe|  ooooo000e
RW R/W RW R/W R/W ROW RW R/W
TXE Transmit operation enable bit

0 Disable transmission
1 Enable transmission

> RXE Receive operation enable bit
0 Disable reception
1 Enable reception

Receive error flag clear bit
CRE Write Read
0 No effect "0"is
1 Clear receive error flag always
(PE, FRE, ORE) read.

> AD Address/data format select bit
0 Data frame
1 Address frame

B> CL Data length select bit
0 7-bit
1 8-bit

»| SBL Stop bit length select bit
0 1-bit
1 2-bit

> P Parity select bit
0 Even parity
1 Odd parity

»| PEN Parity enable bit
0 No parity
1 With parity

R/W : Readable/writable (The read value is the same as the write value.)
RO,W : Write only (Writable. The read value is “0”.)
: Initial value
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Table 16-5. Functions of Bits in LIN-UART Serial Control Register (SCR)

Bit name Function
This bit specifies whether or not to add (at transmission) and detect (at reception) a parity bit.
bit7 PEN: Note:The parity bit is added only in operating mode 0, or in operating mode 2 in which the
Parity enable bit start/stop bits are to be added to the synchronous data format (ECCR:SSM = 1).
This bit is fixed at "0" in operating mode 3 (LIN).
bit6 P: With the parity bit having been enabled (SCR:PEN = 1), setting this bit to "1" selects the odd
Parity select bit parity and setting this bit to "0" selects the even parity.

This bit sets the bit length of the stop bit (frame end mark in transmit data) in operating mode
SBL: 0, 1 (asynchronous) or in operating mode 2 (synchronous) in which the start/stop bits are to

bit5 Stop bit length select bit | be added to the synchronous data format (ECCR:SSM = 1).
This bit is fixed at "0" in operating mode 3 (LIN).
bit4 CL: This bit specifies the data length to be transmitted and received. This bit is fixed at "1" in oper-
Data length select bit ating mode 2 and operating mode 3.
This bit specifies the data format for the frame to be transmitted and received in multiproces-
sor mode (operating mode 1). Write a value to this bit in master mode; read this bit in slave
AD: mode. The operation in master mode is as follows.
bit3 | Address/data format Writing "0":The data frame is used as the data format.
select bit Writing "1":The address data frame is used as the data format.

The value for the last received data format is read.
Note:See "16.1 Notes on Using LIN-UART" for the usage of this bit.

] This bit clears the FRE, ORE, and PE flags in serial status register (SSR).
bit2 gz‘iive error flag clear Writing "0":Has no effect on operation.
bit 9 Writing "1":Clears the error flag.
When this bit is read, it always returns "0".

This bits enables or disables the reception of the LIN-UART.
. Writing "0":Disables data frame reception.
RXE: i waw, ;
bit1 Receive operation Writing "1":Enables data frame reception.
enable bit The LIN synch break detection in operating mode 3 is not affected by the setting of this bit.

Note:When data frame reception is disabled (RXE = 0) while it is in progress, the reception
halts immediately. In this case, the integrity of data is not guaranteed.

This bits enables or disables the transmission of the LIN-UART.

TXE: Writing "0":Disables data frame transmission.
bitd | Transmit operation Writing "1":Enables data frame transmission.
enable bit Note:When data frame transmission is disabled (TXE = 0) while it is in progress, the transmis-

sion halts immediately. In this case, the integrity of data is not guaranteed.

16.4.2 LIN-UART Serial Mode Register (SMR)

The LIN-UART serial mode register (SMR) is used to select the operating mode, specify the baud rate clock, and enable/dis-
able output to the serial data and clock pins.
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m  LIN-UART Serial Mode Register (SMR)
Figure 16-6. LIN-UART Serial Mode Register (SMR)

Address bit7 bit6 bit5 bit4 bit3 bit2  bit1  bit0 Initial value
0051 fmp1 [mMpo| oto | ExT [ResT|uPcL|scKe[soE|  oooooo00s
RW RW RW RW ROW ROW RW RW

SOE LIN-UART serial data output enable bit
0 General-purpose 1/0 port
1 LIN-UART serial data output pin
SCKE LIN-UART serial clock output enable bit
0 General-purpose I/O port or LIN-UART clock
input pin
1 LIN-UART serial clock output pin
LIN-UART programmable clear bit
= UPCL -
Write Read
0 No effect on operation. .
"0" is always read.
1 LIN-UART reset
Reload counter restart bit
> REST -
Write Read
0 No effect on operation. .
"0" is always read.
1 Restarts the reload counter
> EXT External serial clock source select bit
0 Uses the baud rate generator (reload counter).
1 Uses the external serial clock source.
> oTO One-to-one external clock input enable bit
0 Uses the baud rate generator (reload counter).
1 Uses the external clock directly.
MD1 | MDO Operating mode select bits
0 0 Mode 0: Asynchronous (Normal mode)
0 1 Mode 1: Asynchronous (Multiprocessor mode)
1 0 Mode 2: Synchronous (Normal mode)
1 1 Mode 3: Asynchronous (LIN mode)
R/W : Readable/writable (The read value is the same as the write value.)
RO,W : Write only (Writable. The read value is “0”.)

: Initial value
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Table 16-6. Functions of Bits in LIN-UART Serial Mode Register (SMR)

Bit name Function

These bits sets the operating mode.

Note:When the mode is changed during communication, exchanging on the LIN-UART is sus-
pended and the LIN-UART waits for the start of the next communication.

MD1 MDO Mode Type
bit7, MD1, MDO: 0 0 0 Asynchronous (Normal mode)
bit6 Operating mode select
bits 0 1 1 Asynchronous (Multiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)
. Writing "1":Enables the external clock to be used directly as the LIN-UART serial clock.
OTO: . . . ;
bit5 One-to-one external In operating mode 2 (asynchronous), the external clock is used when the reception side of the
clock inbut enable bit serial clock is selected (ECCR:MS = 1).
P When EXT = 0, the OTO bit is fixed at "0".
EXT: This bit selects a clock input.
bit4 External serial clock Writing "0":Selects the clock of the internal baud rate generator (reload counter).
source select bit Writing "1":Selects the external serial clock source.

) This bits restarts the reload counter.
bit3 E:‘:’)Z'd counter restart Writing "0":Has no effect on operation.
bit Writing "1":Restarts the reload counter.
When this bit is read, it always returns "0".

This bit resets the LIN-UART.
Writing "0":Has no effect on operation.

UPCL: Writing "1":Resets the LIN-UART immediately (LIN-UART software reset). However, the reg-
: ister settings are maintained. At that time, transmission and reception are suspended. All of
bitz | LIN-UART programma- | the transmit/receive interrupt sources (TDRE, RDRF, LBD, PE, ORE, FRE) are cleared.

gcl)?‘t\(/:vlg?é l?éts(elil)N'UART Reset the LIN-UART after disabling the interrupt and transmission.

In addition, after the LIN-UART is reset, the receive data register is cleared (RDR = 004), and
the reload counter is restarted.
When this bit is read, it always returns "0".

This bit controls the serial clock 1/0O port.

Writing "0":The SCK pin functions as a general-purpose 1/O port or a serial clock input pin.

Writing "1":The SCK pin functions as a serial clock output pin, and outputs the clock in oper-

SCKE: ating mode 2 (synchronous).

bit1 _ ; Note:To use the SCK pin as a serial clock input pin (SCKE = 0), enable the use of the input

IEL’\tlthtAggslzngilt clock port by setting the bit in the DDR register corresponding to the general-purpose 1/O port shar-
ing the same pin with SCK. In addition, select the external clock (EXT = 1) using the external

serial clock source select bit.

When set as a serial clock output pin (SCKE = 1), the SCK pin functions as a serial clock out-

put pin regardless of the state of the general-purpose 1/O port sharing the same pin with SCK.

This bit enables or disables output of serial data.

SOE: Writing "0":The SOT pin becomes a general-purpose |/O port.
bitO | LIN-UART serial data | Writing "1":The SOT pin becomes a serial data output pin (SOT).
output enable bit When set as a serial data output (SOE = 1), the SOT pin functions as a serial data output pin

(SOT) regardless of the state of the general-purpose 1/0O port sharing the same pin with SOT.
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16.4.3  LIN-UART Serial Status Register (SSR)

The LIN-UART serial status register (SSR) is used to check the status of transmission, reception and error, and to enable and
disable interrupts.

m LIN-UART Serial Status Register (SSR)
Figure 16-7. LIN-UART Serial Status Register (SSR)

Address  bit7 bit6 bits  bit4  bit3 bit2 bitl bit0 Initial value
0052+ [ PE |ORE|FRE|RDRF[TDREBDS|RIE | TIE | 000010008
R/WX R/WX R/WX R/WX R/WX RW R/W R/W
TIE Transmit interrupt request enable bit

0 Disables transmit interrupts.
1 Enables transmit interrupts.

> RIE Receive interrupt request enable bit
0 Disables receive interrupts.
1 Enables receive interrupts.

> BDS Transfer direction select bit
0 LSBHirst (transfer from the least significant bit)
1 MSB-first (transfer from the most significant bit)

TDRE Transmit data empty flag bit

0 Transmit data register (TDR) has data.
1 Transmit data register (TDR) is empty.

> RDRF Receive data full flag bit
0 Receive data register (RDR) is empty.
1 Receive data register (RDR) has data.

S FRE Framing error flag bit
0 No framing error.
1 Framing error occurs.

ORE Overrun error flag bit

0 No overrun error.
1 Overrun error occurs.

> PE Parity error flag bit
0 No parity error.
1 Parity error occurs.

R/W . Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
: Initial value
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Table 16-7. Functions of Bits in Serial Status Register (SSR)

LIN-UART

Bit name Function
This bit detects the parity error in received data.
PE: This bit is set to "1" when a parity error occurs during reception, and cleared by writing "1" to
bit7 P i’ flag bi the CRE bit in the LIN-UART serial control register (SCR).
arity error flag bit When both the PE bit and the RIE bit are "1", a receive interrupt request is output.
When this flag is set, the data in the receive data register (RDR) is invalid.
This bit detects the overrun error in received data.
ORE: This bit is set to "1" when an overrun occurs during reception, and cleared by writing "1" to the
bité o ’ flaq bi CRE bit in the LIN-UART serial control register (SCR).
verrun error flag bit When both the ORE bit and the RIE bit are "1", a receive interrupt request is output.
When this flag is set, the data in the receive data register (RDR) is invalid.
This bit detects the framing error in received data.
FRE: This bit is set to "1" when a framing error occurs during reception, and cleared by writing "1"
bit5 E " flag bi to the CRE bit in the LIN-UART serial control register (SCR).
raming error flag bit When both the FRE bit and the RIE bit are "1", a receive interrupt request is output.
When this flag is set, the data in the LIN-UART receive data register (RDR) is invalid.
This flag shows the status of the LIN-UART receive data register (RDR).
bitd RDRF: This bit is set to "1" when received data is loaded into RDR, and cleared to "0" by reading the
Receive data full flag bit | receive data register (RDR).
When both the RDRF bit and the RIE bit are "1", a receive interrupt request is output.
This flag shows the status of the LIN-UART transmit data register (TDR).
This bit is set to "0" by writing the transmit data to TDR, and indicates that the TDR has valid
data. When data is loaded into the transmit shift register and data transfer starts, this bit is set
TDRE: to "1", indicating that the TDR does not have valid data.
bit3 Transmit data empty When both the TDRE bit and the TIE bit are "1", a transmit interrupt request is output.
flag bit When the TDRE bit is "1", setting the LBR bit in the LIN-UART extended communication con-
trol register (ECCR) to "1" changes the TDRE bit to "0". After the LIN synch break is gener-
ated, the TDRE bit returns to "1".
Note:The initial value of TDRE is "1".
This bit specifies whether the transfer of serial data starts from the least significant bit (LSB-
BDS: first, BDS = 0) or from the most significant bit (MSB-first, BDS = 1).
bit2 .f . Note:When data is written to or read from the serial data register, the data on the upper side
'tl)'_rans erdirection select | anq that on the lower side are swapped. Therefore, if the BDS bit is modified after data is writ-
it ten to the RDR register, the data in the RDR register becomes invalid.
In operating mode 3 (LIN), the BDS bit is fixed at "0".
RIE: This bit enables or disables the receive interrupt request output to the interrupt controller.
bit1 Receive interrupt When both the RIE bit and the receive data flag bit (RDRF) are "1", or when one or more error
request enable bit flag bits (PE, ORE, FRE) is "1", a receive interrupt request is output.
bit0 Prsrzlsm't interrupt This bit enables or disables the transmit interrupt request output to the interrupt controller.
iti u . . wan o .
request enable bit When both the TIE bit and the TDRE bit are "1", a transmit interrupt request is output.
16.4.4  LIN-UART Receive Data Register/LIN-UART Transmit Data Register (RDR/TDR)

The LIN-UART receive data register and the LIN-UART transmit data register are located at the same address. If read, they
function as the receive data register; if written, they function as the transmit data register.

m LIN-UART Receive Data Register (RDR)

Figure 16-8. shows the bit configuration of LIN-UART receive data register/LIN-UART transmit data register.
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Figure 16-8. LIN-UART Receive Data Register/LIN-UART Transmit Data Register (RDR/TDR)

Address bit 7 6 5 4 3 2 1 0 Initial value
0053+ [07 [D6 [ D5 [pa [ D3 [p2 [D1 [ o | 000000008
R/W R/W R/W R/W R/W R/W R/W R/W
I I I O
R/W Data register
Read Read from the LIN-UART receive data register

—| Write | Write to the LIN-UART transmit data register

R/W . Readable/writable (The read value is the same as the write value.)

The LIN-UART receive data register (RDR) is the data buffer register for serial data reception.

Serial input data signals transmitted to the serial input pin (SIN) are converted by the shift register, and the converted data is
stored in the LIN-UART receive data register (RDR).

If the data length is 7 bits, the MSB (RDR:D7) is "0".

The receive data full flag bit (SSR:RDRF) is set to "1" when received data is stored in the LIN-UART receive data register
(RDR). If the receive interrupt has been enabled (SSR:RIE = 1), a receive interrupt request is made.

Read the LIN-UART receive data register (RDR) with the receive data full flag bit (SSR:RDRF) being "1". The receive data full
flag bit (SSR:RDRF) is automatically cleared to "0" if the LIN-UART receive data register (RDR) is read. In addition, the
receive interrupt is cleared when the receive interrupt has been enabled and no errors occur.

When a reception error occurs (any of SSR:PE, ORE, or FRE is "1"), the data in the LIN-UART receive data register (RDR)
becomes invalid.
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B LIN-UART Transmit Data Register (TDR)

The LIN-UART transmit data register (TDR) is the data buffer register for serial data transmission.

If the data to be transmitted is written to the LIN-UART transmit data register (TDR) when transmission has been enabled
(SCR:TXE = 1), the transmit data is transferred to the transmit shift register to convert to serial data, and the serial data is out-
put from the serial data output pin (SOT).

If the data length is 7 bits, the data in the MSB (TDR:D7) is invalid.

The transmit data empty flag (SSR:TDRE) is cleared to "0" when transmit data is written to the LIN-UART transmit data regis-
ter (TDR).

The transmit data empty flag (SSR:TDRE) is set to "1" after the data is transferred to the transmit shift register and data trans-
mission starts.

If the transmit data empty flag (SSR:TDRE) is "1", the next transmit data can be written to TDR. If the transmit interrupt has
been enabled, a transmit interrupt is generated. Write the next transmit data to TDR after a transmit interrupt or when the
transmit data empty flag (SSR:TDRE) is "1".

Note:

The LIN-UART transmit data register is a write-only register; the receive data register is a read-only register. Since both regis-
ters are located at the same address, the write value and the read value are different. Thus, the read-modify-write (RMW)
type of instruction, such as the INC instruction and the DEC instruction, cannot be used.

16.0.1  LIN-UART Extended Status Control Register (ESCR)

The LIN-UART extended status control register (ESCR) has the settings for enabling/disabling LIN synch break interrupt, LIN
synch break length selection, LIN synch break detection, direct access to the SIN and SOT pins, continuous clock output in
LIN-UART synchronous clock mode and sampling clock edge.

m Bit Configuration of LIN-UART Extended Status Control Register (ESCR)

Figure 16-9. shows the bit configuration of the LIN-UART extended status control register (ESCR). Table 16-8. lists the func-
tion of each bit.
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Figure 16-9. Bit Configuration of LIN-UART Extended Status Control Register (ESCR)

Address bit7  bit6  bit5 bit4 bit3 bit2 bit1  bitd Initial value
0054 [ gie | 18D [ LBL1 | LBLO|sOPE| siop| cco [sces| 000001008
R/W RrMiH)w RW R/W R/W reMmi)w RW R/W
L1
SCES Sampling clock edge select bit (mode 2)
0 Sampling with rising clock edge (normal)
1 Sampling with falling clock edge (inverted clock)
CCO Continuous clock output enable bit (mode 2)
0 Disables continuous clock output
1 Enables continuous clock output
- SIOP Serial 1/0 pin direct access bit
Write (SOPE = 1) Read
0 Fixes SOT pin at "0" Reads the value of
Fixes SOT pin at "1" SIN pin
- SOPE Serial output pin direct access enable bit
0 Disables serial output pin direct access
1 Enables serial output pin direct access
»| LBLO | LBL1 LIN synch break length select bits
0 0 13 bits
1 0 14 bits
0 1 15 bits
1 1 16 bits
= 1BD LIN synch break detection flag bit
Write Read
LIN synch break detection .
0 flag clear No LIN synch break detection
1 No effect With LIN synch break detection
- LBIE LIN synch break detection interrupt enable bit
0 Disables LIN synch break detection interrupt
1 Enables LIN synch break detection interrupt
R/W . Readable/writable (The read value is the same as the write value.)
R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)
: Initial value
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Table 16-8. Functions of Bits in LIN-UART Extended Status Control Register (ESCR)

LIN-UART

Bit name

Function

LBIE:

This bit enables or disables LIN synch break detection interrupts.
An interrupt is generated when the LIN synch break detection flag (LBD) is "1" and the inter-

select bit

| o et e sy | ot s onablod (LBIE =1
P This bit is fixed at "0" in operating mode 1 and operating mode 2.
This bit detects the LIN synch break.
This bit is set to "1" when a LIN synch break is detected in operating mode 3 (the serial input
LBD: is "0" when bit width is 11 bits or more). If "0" is written to the LBD bit, the LBD bit and the
bit6 LIN synch break detec- | interrupt are cleared. Although the bit always returns "1" if read by the read-modify-write
tion flag bit (RMW) type of instruction, this does not indicate that a LIN synch break has been detected.
Note:To detect a LIN synch break, enable the LIN synch break detection interrupt (LBIE = 1),
and then disable the reception (SCR:RXE = 0).
bit5, IEFNL”LBI;]Ot; K length These bits specify the bit length for the LIN synch break generation time.
bit4 selecst%/?)iis reakleng The LIN synch break length for reception is always 11 bits.
SOPE: This bit enables or disables direct writing to the SOT pin.
bit3 Serial output pin direct | Setting this bit to "1" when serial data output has been enabled (SMR:SOE = 1) enables direct
access enable bit writing to the SOT pin.
This bit controls direct access to the serial I/O pin.
SIOP: The SIOP bit always returns the value of the SIN pin if read by a normal read instruction.
bit2 Serial 1/0 pin direct If direct access to the serial output pin is enabled (SOPE = 1), the value written to this bit is
access bit reflected in the SOT pin.*
Note:When the bit manipulation instruction is used, the SIOP bit returns the bit value of the
SOT pin in the read cycle.
This bit enables or disables continuous serial clock output from the SCK pin.
CCO: In operating mode 2 (synchronous) in which the serial clock transmission side is selected,
bit1 Continuous clock out- | setting the CCO bit to "1" enables the continuous serial clock output from the SCK pin when
put enable bit the SCK pin is used as an clock output pin.
Note:When the CCO bit is "1", set the SSM bit in the ECCR register to "1".
This bit selects a sampling edge. In operating mode 2 (synchronous) in which the serial clock
reception side is selected, setting the SCES bit to "1" switches the sampling edge from the
rising edge to the falling edge.
SCES: In operating mode 2 (synchronous) in which the serial clock transmission side is selected
bit0 Sampling clock edge (ECCR:MS = 0), when the SCK pin is used as an clock output pin, the internal serial clock

signal and the output clock signal are inverted.

In operating mode 0/1/3, set this bit to "0".

With this bit set to "1", executing a software reset is prohibited.
Disable reception and transmission before modifying this bit.

*: Interaction between SOPE and SIOP

SOPE SIOP Write to SIOP Read from SIOP
0 R/W No effect (however, the write value is retained) Return the SIN value
1 R/W Write "0" or "1" to SOT Return the SIN value
1 RMW Read the SOT value, write "0" or "1"
16.0.2  LIN-UART Extended Communication Control Register (ECCR)

The LIN-UART extended communication control register (ECCR) is used for the bus idle detection, the synchronous clock
setting, and the LIN synch break generation.

m Bit Configuration of LIN-UART Extended Communication Control Register (ECCR)

Figure 16-10. shows the bit configuration of the LIN-UART extended communication control register (ECCR). Table 16-9. lists
the function of each bit.
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Figure 16-10. Bit Configuration of LIN-UART Extended Communication Control Register (ECCR)

Address bit7  bit6  bits bit4  bit3 bit2  bit1 bit0 Initial value
0055H peserved| LBR | Ms | SCDE | ssM [Reserved| RBI [ TBI | 000000XX8
RX,W0 ROOW R/W R/W R/W RXWO0 R/WX R/WX
|—> TBI* Transmit bus idle detection flag bit
0 Transmission in progress
1 No transmission
RBI* Receive bus idle detection flag bit
0 Reception in progress
1 No reception
> Reserved bit
The read value is indeterminate. Always set this bit to "0".
> SSM Start/stop bits mode enable bit (mode 2)
0 No start/stop bits
1 Start/stop bits available
» SCDE Serial clock delay enable bit (mode 2)
0 Disables clock delay
1 Enables clock delay
> MS Serial clock transmission/reception side select bit (mode 2)
0 Transmission side (serial clock generation)
1 Reception side (external serial clock reception)
~| LBR LIN synch break generation bit (mode 3)
- Write Read
0 No effect .
- "0" is always read.
1 LIN synch break generation
> Reserved bit

The read value is indeterminate. Always set this bit to "0".

R/W : Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
RO,W : Write only (Writable. The read value is “0”.)
RX,W0 : The read value is indeterminate; the write value is “0”.
X : Indeterminate
: Initial value

*: This bit is not used when SSM = 0 in operating mode 2.
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Table 16-9. Functions of Bits in LIN-UART Extended Communication Control Register (ECCR)

LIN-UART

Bit name Function
. . The read value is indeterminate.
bit7 Reserved bit Always set this bit to "0".
LBR: In operating mode 3, if this bit is set to "1", a LIN synch break whose length is specified in the
bit6é LIN synch break gener- | LBLO/LBL1 bit in the ESCR register is generated.
ation bit In operating mode 0/1/2, set this bit to "0".
This bit selects the transmission side/reception side of the serial clock in operating mode 2.
MS: If the transmission side (MS = 0) is selected, the LIN-UART generates a synchronous clock.
T L ide/ If the reception side (MS = 1) is selected, the LIN-UART receives an external serial clock. In
bit5 rerggs’:irgrslssl?dnescl)fierial mode 0/1/3, this bit is fixed at "0".
cIocIEseIect bit Modify this bit only when the SCR:TXE bit is "0".
Note:When the reception side is selected, select the external clock as the clock source and
the external clock and enable the external clock input (SMR:SCKE = 0, EXT =1, OTO =1).
SCDE: In operating mode 2 in which the serial clock transmission side is selected, if the SCDE bit is
. - set to "1", a delayed serial clock as shown in Figure 16-23. is output. The function of output-
bit4 Serlall clock delay ting delayed serial clock can be used in the Serial Peripheral Interface (SPI).
enable bit This bit is fixed at "0" in operating mode 0/1/3.
SSM: In operating mode 2, if this bit is set to "1", the start/stop bits are added to the synchronous
bit3 | start/stop bits mode data format.
enable bit In operating mode 0/1/3, this bit is fixed at "0".
. . The read value is indeterminate.
bit2 Reserved bit Always set this bit to "0".
bit1 RBI: . . If the SIN pin is at "H" level and no reception is performed, this bit is "1". Do not use this bit
Receive bus idle detec- | \hen SSM =0 in operating mode 2.
tion flag bit
_o|me If there is no transmission on the SOT pin, this bit is "1". Do not use this bit when SSM = 0 in
bit0 | Transmit bus idle detec- operating mode 2
tion flag bit '
16.0.3  LIN-UART Baud Rate Generator Registers 1, 0 (BGR1, BGRO)

The LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO) set the division ratio of the serial clock. Also, the count value
in the transmit reload counter is read from this generator.

m LIN-UART Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1, BGRO0)

Figure 16-11. shows the bit configuration of LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO).
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Figure 16-11. Bit Configuration of LIN-UART Baud Rate Generator Registers 1, 0 (BGR1, BGRO0)

BGR1 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
Address
OFBCH - |BGR14|BGR13|BGR12|BGR11|BGR10| BGRY | BGR8 000000008

RO/WX RW RW RW RW RW RW RW

> R/W LIN-UART baud rate generator register 1
Write Writes to reload counter bit 8 to bit 14.
Read Reads transmit reload counter bit 8 to bit 14.

\

Undefined bit

Read Reads "0".

BGRO bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
Address
OFBDH |BGR7| BGR6 | BGR5| BGR4| BGR3| BGR2| BGR1 | BGROl 000000008

RW RW RW RW RW RW RW RW

> R/W LIN-UART baud rate generator register 0
Write Writes to reload counter bit O to bit 7.
Read Reads transmit reload counter bit 0 to bit 7.
R/W : Readable/writable (The read value is the same as the write value.)
RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.

The LIN-UART baud rate generator registers set the division ratio of the serial clock.

BGR1 corresponds to the upper bits and BGRO to the lower bits. The reload value of the counter can be written to and the
transmit reload counter value can be read from BGR1 and BRGO. In addition, BGR1 and BGRO can be accessed by byte
access and word access.

Writing a reload value to the LIN-UART baud rate generator registers causes the reload counter to start counting.
Note:
Write to this register only when the LIN-UART stops.

16.1 LIN-UART Interrupts

The LIN-UART has receive interrupts and transmit interrupts, which are generated by the following sources. An interrupt num-
ber and an interrupt vector are assigned to each interrupt. In addition, it has a LIN synch field edge detection interrupt function
using the 8/16-bit composite timer interrupt.
m Receive interrupt
A receive interrupt occurs when received data is set in the LIN-UART receive data register (RDR), or when a
receive error occurs, or when a LIN synch break is detected.

m  Transmit interrupt
A transmit interrupt occurs when transmit data is transferred from the LIN-UART transmit data register (TDR) to
the transmit shift register, and data transmission starts.
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m Receive Interrupt

Table 16-10. shows the control bits and interrupt sources of receive interrupts.

Table 16-10. Interrupt Control Bits and Interrupt Sources of Receive Interrupts

LIN-UART

I Fla Operating i Interrupt request fla
request . 9 mode Interrupt source source enable ptreq 9
. register . clear

flag bit ol1l 213 bit
RDRF SSR m |m |m |m |Writing received data to RDR Read received data
ORE SSR m |m |m |m |Overrun error SSRRIE

: : Write "1" to receive error

FRE SSR m |m |A |m |Framing error flag clear bit (SCR:CRE)
PE SSR m |x |A |x |Parityerror
LBD ESCR x x x m | LIN synch break detection ESCR:LBIE Write "0" to ESCR:LBD
O: Bit to be used
x: Unused bit

A: Usable only when ECCR:SSM = 1

o Receive interrupts

If one of the following operations occurs in reception mode, the bit in the LIN-UART serial status register (SSR) corresponding
to that operation is set to "1".

Data reception completed
Received data is transferred from the LIN-UART serial input shift register to the LIN-UART receive data register (RDR)

(RDRF = 1).
Overrun error

With RDRF = 1, the next serial data is received while the CPU has not read the RDR register. (ORE = 1).

Framing error

A stop bit reception error occurs (FRE = 1).

Parity error

A parity detection error occurs (PE = 1).
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A receive interrupt request is made if the receive interrupt has been enabled (SSR:RIE = 1) when one of the above flag bits is
ll1ll.

RDREF flag is automatically cleared to "0" if the LIN-UART receive data register (RDR) is read. All of the error flags are cleared
to "0" if "1" is written to the receive error flag clear bit (CRE) in the LIN-UART serial control register (SCR).

o LIN synch break interrupts

In operating mode 3, the LIN synch break interrupt functions when the LIN-UART performs LIN slave operation.

The LIN synch break detection flag bit (LBD) in the LIN-UART extended status control register (ESCR) is set to "1" when the
internal data bus (serial input) is "0" for 11 bits or longer. The LIN synch break interrupt and the LBD flag are cleared by writing
"0" to the LBD flag. The LBD flag must be cleared before the 8/16-bit composite timer interrupt is generated within the LIN
synch field.

To detect a LIN synch break, the reception must be disabled (SCR:RXE = 0).
m  Transmit Interrupts

Table 16-11. shows the control bit and interrupt source of the transmit interrupt.

Table 16-11. Interrupt Control Bit and Interrupt Source of Transmit Interrupt

Luiila Gl Fla Operating it La ] Interrupt request fla
request . 9 mode Interrupt source source enable ptreq 9
. register . clear
flag bit 0l112]|3 bit
TDRE SSR m |m |m |m | Transmit register is empty SSR:TIE Write transmit data

O: Bit to be used

o Transmit interrupts

The transmit data register empty flag bit (TDRE) in the LIN-UART serial status register (SSR) is set to "1" when the transmit
data is transferred from the LIN-UART transmit data register (TDR) to the transmit shift register, and data transmission starts.
In this case, if the transmit interrupt has been enabled (SSR:TIE = 1), a transmit interrupt request is made.

Note:

Since the initial value of TDRE is "1" after a hardware reset/software reset, if the TIE bit is set to "1" after a hardware reset/
software reset, an interrupt is generated immediately. The TDRE is cleared only by writing data to the LIN-UART transmit data
register (TDR).
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m LIN Synch Field Edge Detection Interrupt (8/16-bit Composite Timer Interrupt)

Table 16-12. shows the control bits and interrupt sources of the LIN synch field edge detection interrupt.

Table 16-12. Interrupt Control Bits and Interrupt Sources of LIN Synch Field Edge Detection Interrupt

Ll SIS Fla Operating Ll Interrupt request fla
request . 9 mode Interrupt source source enable ptreq 9
. register . clear
flag bit ol1l 213 bit
First falling edge of the LIN
IR TOOCR1 * X m synch field .
E Tall " Tthe LN TOOCR1:IE Write "0" to TOOCR1:IR
ifth falling edge of the
IR TOOCRT x> 1> m | sunch field

O: Bit to be used
x: Unused bit

a1 LIN synch field edge detection interrupt (8/16-bit composite timer interrupt)

LIN-UART

In operating mode 3, the LIN synch field edge detection interrupt functions when the LIN-UART performs LIN slave operation.

After a LIN synch break is detected, the internal signal (LSYN) is set to "1" at the first falling edge of the LIN synch field, and
set to "0" after the fifth falling edge. Between both falling edges, a 8/16-bit composite timer interrupt is generated, provided
that the 8/16-bit composite timer has been configured to receive internal signals and detect rising edges and falling edges and
the 8/16-bit composite interrupt has been enabled.

The difference in the count values detected by the 8/16-bit composite timer (see Figure 16-12.) is equivalent to eight bits of
the master serial clock. A new baud rate can be calculated from this value. After set, a new baud rate becomes effective from
the falling edge detected at the next start bit set.

Figure 16-12. Baud Rate Calculation by 8/16-bit Composite Timer

| LIN synch field

I
-¢ | |
Reception data |
L L) L |
Start RDR RDR RDR RDR RDR RDR RDR RDR Stop |
bit bit0 bit! bit2 bit3 bit4 bit5 bit6 | bit7  bit
. I Data = 0x55 |
Internal signal |
(LSYN) ]
| | |
| | |
. |
8/16-bit . . X Capture value 1 >< Capture value 2
composite timer

Difference in count values = Capture value 2 - Capture Value 1
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m  Registers and Vector Table Addresses Related to LIN-UART Interrupts

Table 16-13. Registers and Vector Table Addresses Related to LIN-UART Interrupts

Interrupt Interrupt level setting register Vector table address
Interrupt source = - -
request no. Register Setting bit Upper Lower
LIN-UART IRQO7 ILR1 LO7 FFECH FFEDy
(reception)
LIN-UART (transmission) |IRQ08 ILR2 LO8 FFEAH FFEBy

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

16.1.1  Timing of Receive Interrupt Generation and Flag Set

A receive interrupt is generated when reception is completed (SSR:RDRF) or when a reception error occurs (SSR:PE, ORE,
FRE).

m Timing of Receive Interrupt Generation and Flag Set

Received data is stored in the LIN-UART receive data register (RDR) when the first stop bit is detected in operating mode 0/
1/2(SSM = 1)/3, or when the last data bit is detected in operating mode 2 (SSM = 0). When reception is completed
(SSR:RDRF = 1), or when a reception error occurs (SSR:PE, ORE, FRE = 1), an error flag corresponding to one of the events men-
tioned above is set. If the receive interrupt has been enabled (SSR:RIE = 1) when an error flag is set, a receive interrupt is gen-
erated.

Note:
In all operating modes, when a receive error occurs, data in the LIN-UART receive data register (RDR) becomes invalid.
Figure 16-13. shows the timing of reception and flag set.

Figure 16-13. Timing of Reception and Flag Set

Received data '

(Operating mode \ ST' X D2

Received data : , . : :

(Operating mode ) ST, (D2

Received data . ' ' ! '

(Operating mode ' - \D2
PE"!, FRE
RDRF

ORE™ X . .
(RDRF = 1) : : :

Receive interrupts generated

*1:The PE flag is always "0" in operating mode 1 and operating mode 3.
* 2:An overrun error occurs if the next data is transferred before received data is read (RDRF = 1).
ST: Start bit, SP: Stop bit, AD: Operating mode 1 (multiprocessor) address data select bit

Note:

Figure 16-13. does not show all reception operations in mode 0. It only shows two examples of reception operations using dif-
ferent communication formats. One reception operation uses 7-bit data, a parity bit (parity bit = "even parity" or "odd parity")
and one stop bit. The other uses 8-bit data, no parity bit and one stop bit.
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Figure 16-14. ORE Flag Set Timing

Recshedsas 7S/ DS DENEN T SY X HB DB ENT?

RDRF |

ORE l_

16.1.2  Timing of Transmit Interrupt Generation and Flag Set

A transmit interrupt is generated when transmit data is transferred from the LIN-UART transmit data register (TDR) to the
transmit shift register and then data transmission starts.

m Timing of Transmit Interrupt Generation and Flag Set

When the data written to the LIN-UART transmit data register (TDR) is transferred to the transmit shift register and the trans-
mission of that data starts, the next data can be written to the TDR register (SSR:TDRE = 1). At the start of the data transmis-
sion, if the transmit interrupt has been enabled (SSR:TIE = 1), a transmit interrupt is generated.

The TDRE bit is a read-only bit, and is cleared to "0" only when data is written to the LIN-UART transmit data register (TDR).
Figure 16-15. shows the timing of transmission and flag set.

Figure 16-15. Timing of Transmission and Flag Set

Transmit interrupt generated Transmit interrupt generated

Mode 0/1/3:
Wit to TDR 11 ; [ 1
RE [ |

Serial output

| 57| po| p1|p2[D3 | D4| D5 | D8 7] P 5P| 5T| Do| D1|D2| D3| D4| D5 D8 [D7 | P 5P

Transmit interrupt generated Transmit interrupt generated

Mode 2 (SSM = 0):
Write to TDR |_| \ |_|

TDRE

Serial output

[Do| 01| p2| D3| p4|D5[ D6 [D7]D0 | D1] D2| D3| D4| D5 | DE| D7| DO | D1[ D2 D8] D4 ]

ST: Start bit, DO to D7: Data bits, P: Parity, SP: Stop bit
AD: Address data selection bit (mode 1)

Note:

Figure 16-15. does not show all transmission operations in operating mode 0. It only shows an example of a transmission
operation using 8-bit data, a parity bit ("even parity" or "odd parity") and one stop bit.

No parity bit is transmitted in operating mode 3, or in operating mode 2 with SSM = 0.
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B Transmit Interrupt Request Generation Timing

With the transmit interrupt having been enabled (SSR:TIE = 1), if the TDRE flag is set to "1", a transmit interrupt is generated.
Note:

Since the initial value of the TDRE bit is "1", a transmit interrupt is generated immediately after the transmit interrupt is
enabled (SSR:TIE = 1). When deciding the timing of enabling the transmit interrupt, take into consideration that the TDRE bit
can be cleared only by writing new data to the LIN-UART transmit data register (TDR).

See "A.2 Table of Interrupt Sources" for interrupt request numbers and vector table addresses of respective peripheral func-
tions.

16.1 LIN-UART Baud Rate

The input clock (transmit/receive clock source) of the LIN-UART can be selected from one of the following:
m Input a machine clock to a baud rate generator (reload counter).

m Input an external clock to a baud rate generator (reload counter).

m Use an external clock (SCK pin input clock) directly.

m LIN-UART Baud Rate Selection

The baud rate can be selected from one of following three types. Figure 16-16. shows the baud rate selection circuit.
o Baud rate derived from the internal clock divided by the dedicated baud rate generator (reload counter)

There are two internal reload counters, corresponding to the transmit serial clock and the receive serial clock respectively.
The baud rate is selected by setting a 15-bit reload value in the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO).

The reload counter divides the internal clock by the value set in BGR1 and BGRO.
The baud rate is used in asynchronous mode and in synchronous mode (transmit side of the serial clock).

As for clock source settings, select the internal clock and use the baud generator clock (SMR:EXT =0, OTO = 0).
o Baud rate derived from the external clock divided by the dedicated baud rate generator (reload counter)

The external clock is used as the clock source for the reload counter.

The baud rate is selected by setting a 15-bit reload value in the LIN-UART baud rate generator registers 1, 0 (BGR0, BGR1).
The reload counter divides the external clock by the value set in BGR1 and BGRO.

The baud rate is used in asynchronous mode.

As for clock source settings, select the external clock and use the baud generator clock (SMR:EXT = 1, OTO = 0).
o Baud rate by the external clock (one-to-one mode)

The clock input from the clock input pin (SCK) of the LIN-UART is used as the baud rate (slave operation in operating mode 2
(synchronous) (ECCR:MS = 1)).

It is used in synchronous mode (serial clock reception side).

As for clock source settings, select the external clock and its direct use (SMR:EXT =1, OTO =1).
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Figure 16-16. LIN-UART Baud Rate Selection Circuit

w
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Reload
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16.1.1  Baud Rate Setting

This section shows baud rate settings and the result of calculating the serial clock frequency.

m Baud Rate Calculation

The two 15-bit reload counters are set by the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO).

The equation for the baud is shown below.

Reload value:

v: Reload value, b: Baud rate, MCLK: Machine clock, or external clock frequency

Calculation example

Assuming that the machine clock is 10 MHz, the internal clock is used, and the baud rate is set to 19200 bps:
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Reload value:

6
v= (0¥ T10% 54983, ~520
19200

Thus, the actual baud rate can be calculated as shown below.
MCLK 10 x 108

b= = = 19193.8579
(v+1) 521

Note:
The reload counter stops if the reload value is set to "0". Therefore, set the smallest reload value to "1".

For transmission/reception in asynchronous mode, since five times of oversampling have to be done before the reception
value is determined, the reload value must be set to at least "4".
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m Reload Value and Baud Rate of Each Clock Speed

Table 16-14. shows the reload value and baud rate of each clock speed.

Table 16-14. Reload Value and Baud Rate

8 MHz (MCLK) 10 MHz (MCLK) 16 MHz (MCLK) 16.25 MHz (MCLK)
Baud rate Reload | Frequency | Reload | Frequency | Reload | Frequency | Reload | Frequency
value deviation value deviation value deviation value deviation

2M - - 4 0 7 0 - -

™ 7 0 9 0 15 0 - -

500000 15 0 19 0 31 0 - -

400800 - - - - - - - -

250000 31 0 39 0 63 0 64 0

230400 - - - - 68 -0.64 - -

153600 51 -0.16 64 -0.16 103 -0.16 105 0.19
125000 63 0 79 0 127 0 129 0

115200 68 -0.64 86 0.22 138 0.08 140 -0.04
76800 103 0.16 129 0.16 207 -0.16 21 0.19

57600 138 0.08 173 0.22 277 0.08 281 -0.04
38400 207 0.16 259 0.16 416 0.08 422 - 0,04
28800 277 0.08 346 -0.06 555 0.08 563 -0.04
19200 416 0.08 520 0.03 832 -0.04 845 -0.04
10417 767 <0.01 959 <0.01 1535 <0.01 1559 <0.01

9600 832 -0.04 1041 0.03 1666 0.02 1692 0.02

7200 1110 <0.01 1388 <0.01 2221 <0.01 2256 <0.01

4800 1666 0.02 2082 -0.02 3332 <0.01 3384 <0.01

2400 3332 <0.01 4166 <0.01 6666 <0.01 6770 <0.01

1200 6666 <0.01 8334 <0.01 13332 <0.01 13541 <0.01

600 13332 <0.01 16666 <0.01 26666 <0.01 27082 <0.01

300 26666 <0.01 - - 53332 <0.01 54166 <0.01

The unit of frequency deviation is %. MCLK represents machine clock.
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m External Clock

The external clock is selected by writing "1" to the EXT bit in the LIN-UART serial mode register (SMR). In the baud rate gen-
erator, the external clock can be used in the same way as the internal clock.

When slave operation is used in operating mode 2 (synchronous), select the one-to-one external clock input mode
(SMR:OTO = 1). In this mode, the external clock input to SCK is input directly to the LIN-UART serial clock.

Note:

The external clock signal is synchronized with the internal clock (MCLK: machine clock) in the LIN-UART. Therefore, if the
external clock becomes not divisible because its cycle is faster than half the cycle of the internal clock, the external clock sig-
nal becomes unstable.

For the value of the SCK clock, refer to the data sheet of this microcontroller.
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B Operation of Dedicated Baud Rate Generator (Reload Counter)

Figure 16-17. shows the operation of two reload counters using a reload value "832" as an example.

Figure 16-17. Operation of Dedicated Baud Rate Generator (Reload Counter)

Transmit/receive clock - — — - .
Falling at (V+1)/2
] ;
S ) € 0 0 G o SR o £ €00 G (o i
N

Reload counter value

Note:

The falling edge of the serial clock signal is generated after the reload value divided by 2 [(V+1)/2] is counted.

16.0.1 Reload Counter

This block is a 15-bit reload counter functioning as a dedicated baud rate generator. It generates the transmit/receive clock
from the external clock or internal clock.

The count value in the transmit reload counter can be read from the LIN-UART baud rate generator registers 1, 0 (BGR1 and
BGRO).

m  Functions of Reload Counter

There are two types of reload counter, the transmit reload counter and the receive reload counter. The reload counter func-
tions as a dedicated baud rate generator. It consists of a 15-bit register for a reload value and generates the transmit/receive
clock from the external clock or internal clock. The count value in the transmit reload counter can be read from the LIN-UART
baud rate generator registers 1, 0 (BGR1 and BGRO).

o Start of counting

Writing a reload value to the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO) causes the reload counter to start
counting.

0 Restart
The reload counter restarts under the following conditions.

For both transmit/receive reload counters
LIN-UART programmable reset (SMR:UPCL bit)
Programmable restart (SMR:REST bit)

For the receive reload counter
Detection of a start bit falling edge in asynchronous mode
Simple timer function

If the REST bit in LIN-UART serial mode register (SMR) is set to "1", the two reload counters restart at the next clock cycle.
This function enables the transmit reload counter to be used as a simple timer.

Figure 16-18. shows an example of using this function (when the reload value is 100).
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Figure 16-18. Example of Using a Simple Timer by Restarting the Reload Timer
MCLK
(Machine clock)

Write

SMR register

REST bit
write signal \
Reload
a@@@@@w@w@w@ v

BGRO/BGR1 register
read signal

//////////////////////////////////////W///////

The number of machine clock cycles "cyc" after the restart in this example is obtained by the following equation.

cyc=v-c+1=100-90+1=11

v: Reload value, c: Reload counter value
Note:
The transmit reload counter restarts also when the LIN-UART is reset by writing "1" to the SMR:UPCL bit.
Automatic restart (receive reload counter only)

The receive reload counter restarts when the start bit falling edge is detected in asynchronous mode. This automatic restart
function is to synchronize the receive shift register with the received data.

o Clear counter

When a reset occurs, the reload values in the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO0) and the reload
counter are cleared to "004", and the reload counter stops.

Although the counter value is temporarily cleared to "004" by the LIN-UART reset (writing "1" to SMR:UPCL), the reload coun-
ter restarts since the reload value is kept.

If the restart setting is used (writing "1" to SMR:REST), the reload counter restarts without the counter value being cleared to
"00,,"

16.1 Operations of LIN-UART and LIN-UART Setting Procedure Example

The LIN-UART performs bi-directional serial communication in operating mode 0/2, master/slave communication in operating
mode 1, LIN master/slave communication in operating mode 3.

m Operations of LIN-UART
o Operating mode
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The LIN-UART has four operating modes (0 to 3), providing different connection methods between CPUs and different data
transfer methods as shown in Table 16-15..
Table 16-15. LIN-UART Operating Modes

. Data length nchron . :
Operating mode - : - - SEECL Stop bit length | Data bit format
No parity |  With parity s method
0 | Normal mode 7 bits or 8 bits Asynchronous
T vur r - - - ~ " 1 bit or 2 bits LSB first
ultiprocessor mode | 7 bits or 8 bits +1 | - Synchronous MSB first
2 | Normal mode 8 bits Synchronous | None, 1 bit, 2 bits
3 | LIN mode 8 bits |- Asynchronous | 1 bit LSB first
-: Unavailable

*: "+1" is the address/data select bit (AD) used for communication control in multiprocessor mode.

The MDO and MD1 bits in the LIN-UART serial mode register (SMR) are used to select the following LIN-UART operating
modes.

Table 16-16. LIN-UART Operating Modes

MD1 MDO Mode Type
0 0 0 Asynchronous (Normal mode)
0 1 1 Asynchronous (Multiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)
Notes:

m In operating mode 1, a system connecting to a master/slave supports both master operations and slave operations.
m In operating mode 3, the communication format is fixed at "8-bit data, no parity bit, one stop bit, LSB-first".

m If the operating mode is changed, all transmission operations and reception operations are canceled, and the LIN-UART
waits for the next transmission/reception.
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H Inter-CPU Connection Method

The external clock one-to-one connection (normal mode) and the master/slave connection (multiprocessor mode) can be
selected as an inter-CPU connection method. In either method, CPUs must use the same data length, parity setting, synchro-
nization type, etc. Select their operating modes as follows.

a One-to-one connection:Both CPUs must use the either operating mode 0 or operating mode 2. Select the operating
mode 0 for asynchronous method or the operating mode 2 for synchronous method. In addition,
in operating mode 2, set one CPU as the transmission side of serial clock and the other as the
reception side of serial clock.

o Master/slave connection:Select operating mode 1. Use the CPU as a master/slave system.
m  Asynchronous/Synchronous Method
As for the asynchronous method, the receive clock is synchronized with the receive start bit falling edge. As for the synchro-

nous method, the receive clock can be synchronized with the clock signal of the serial clock transmission side, or with the
clock signal of the LIN-UART operating as the transmission side.

m Signaling

NRZ (Non Return to Zero).

m  Enable Transmission/Reception

The LIN-UART uses the SCR:TXE bit and the SCR:RXE bit to control transmission and reception, respectively. Execute the
following operations to disable transmission or reception.

o Todisable reception while it is in progress: wait until reception ends, read the receive data register (RDR), then disable
reception.

o To disable transmission while it is in progress: wait until transmission ends, then disable transmission.
m Setting Procedure Example

Below is an example of procedure for setting the LIN-UART.
o Initial settings
1.Set the port input (DDRO).
2.Set the interrupt level (ILR1, ILR2).
3.Set the data format and enable transmission/reception (SCR).
4.Select the operating mode and the baud rate, and enable pin output (SMR).
5.Set the baud rate generators 1, 0 (BGR1,BGRO).

16.0.1  Operations in Asynchronous Mode (Operating Mode 0, 1)

When the LIN-UART is used in operating mode 0 (normal mode) or operating mode 1 (multiprocessor mode), the transfer
method is asynchronous transfer.

m Operations in Asynchronous Mode
a  Transmit/receive data format

Transmit/receive data always begins with a start bit ("L" level), followed by a specified data bits length, and ends with at least
one stop bit ("H" level).

The bit transfer direction (LSB-first or MSB-first) is determined by the BDS bit in the LIN-UART serial status register (SSR).
When the parity bit is used, it is always placed between the last data bit and the first stop bit.

In operating mode 0, the data length can be 7 bits or 8 bits. The use of the parity can be selected. The stop bit length can also
be selected from one and two.

In operating mode 1, the data length can be 7 bits or 8 bits. No parity is added while an address/data bit is added. The stop bit
length can be selected from one and two.

Below is the equation for the bit length of a transmit/receive frame.
Length=1+d+p+s
(d = Number of data bits [7 or 8], p = parity [0 or 1],
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—

s = Number of stop bits [1 or 2])

Figure 16-19. shows the transmit/receive data format in asynchronous mode (operating mode 0, 1).

Figure 16-19. Transmit/Receive Data Format (Operating Mode 0, 1)
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P: None

8-bit data

P: Present

P: None

7-bit data

P: Present

8-bit data

7-bit data

Note:

When the BDS bit in the LIN-UART serial status register (SSR) is set to "1" (MSB-first), the bits are processed in the following

order: D7, D6, ...

D1, DO (P).
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A Transmission

If the transmit data register empty flag bit (TDRE) in the LIN-UART serial status register (SSR) is "1", transmit data can be
written to the LIN-UART transmit data register (TDR). Writing data sets the TDRE flag to "0". If transmission has been
enabled (SCR:TXE = 1) when the TDRE flag is set to "0", the data written to TDR is written to the transmit shift register, and,
in the next serial clock cycle, the transmission of the data is started from the start bit.

With the transmit interrupt having been enabled (TIE = 1), if transmit data is transferred from the LIN-UART transmit data reg-
ister (TDR) to the transmit shift register, the TDRE flag is set to "1" and an interrupt is generated.

When the data length is set to 7 bits (CL = 0), bit7 in the TDR register becomes an unused bit regardless of the transfer direc-
tion select bit (BDS) setting (LSB-first or MSB-first).

Note:

Since the initial value of the transmit data empty flag bit (SSR:TDRE) is "1", an interrupt is generated immediately when the
transmit interrupt is enabled (SSR:TIE = 1).

o  Reception
The reception is performed when reception is enabled (SCR:RXE = 1). When a start bit is detected, one frame data is
received according to the data format defined in the LIN-UART serial control register (SCR). If an error occurs, an error flag
(SSR:PE, ORE, FRE) is set. After the reception of one frame data ends, the received data is transferred from the receive shift

register to the LIN-UART receive data register (RDR), and the receive data register full flag bit (SSR:RDRF) is set to "1". If the
reception interrupt request has already been enabled (SSR:RIE = 1) at that time, a reception interrupt request is output.

To read the received data, first check the error flag status to ensure that reception has been executed normally, then read the
data from the LIN-UART receive data register (RDR) if the reception is normal. If a reception error has occurred, perform error
processing.

When the received data is read, the receive data register full flag bit (SSR:RDRF) is cleared.

When the data length is set to 7 bits (CL = 0), bit7 in the TDR register becomes an unused bit regardless of the transfer direc-
tion select bit (BDS) setting (LSB-first or MSB-first).

Note:

Data in the LIN-UART receive data register (RDR) becomes valid, provided that the receive data register full flag bit
(SSR:RDRF) is set to "1" and no error has occurred (SSR:PE, ORE, FRE = 0).

o Input clock

Use the internal clock or the external clock. For the baud rate, select the baud rate generator (SMR:EXT =0 or 1, OTO = 0).
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o Stop bit and reception bus idle flag

For transmission, the number of stop bits can be selected from one and two. If two stop bits are selected, both stop bits are
detected during reception.

When the first stop bit is detected, the receive data register full flag (SSR:RDRF) is set to "1". When no start bit is detected
afterward, the receive bus idle flag (ECCR:RBI) is set to "1", indicating that no reception is executed.

o Error detection
In operating mode 0, the parity error, the overrun error and the frame error can be detected.

In operating mode 1, the overrun error and the frame error can be detected. However, the parity error cannot be detected.
o Parity

The addition (at transmission) of and the detection (during reception) of a parity bit can be set.

The parity enable bit (SCR:PEN) is used to select whether or not to use a parity; the parity select bit (SCR:P) is used to select
the odd/even parity.

In operating mode 1, the parity cannot be used.

Figure 16-20. Transmission Data when Parity is Enabled

A parity error occurs in even

1 | ' I parity during reception
SIN I_IST I | : L 1 1 |SP (SCRP=0)

101100000

Transmission of even parity

soT |ST| | | é ' ' 'SP (SCR:P =0)

- E Transmission of odd parit
SOT |ST| I I : N ) (SCR:P = 1) party

Data Parity

ST: Start bit, SP: Stop bit, Parity used (PEN = 1)
Note: In operating mode 1, the parity cannot be used.

o Data signaling

NRZ data format.
o Data bit transfer method

The data bit transfer method can be LSB-first transfer or MSB-first transfer.

16.0.2  Operations in Synchronous Mode (Operating Mode 2)

When the LIN-UART is used in operating mode 2 (normal mode), the transfer method is clock synchronous transfer.
m Operations in Synchronous Mode (Operating Mode 2)
o Transmit/receive data format
In synchronous mode, 8-bit data is transmitted and received; the addition of the start bit and of the stop bit can be selected

(ECCR:SSM). When the start/stop bits are added to the data format (ECCR:SSM = 1), the addition of the parity bit can also
be selected (SCR:PEN).
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Figure 16-21. shows the data format in synchronous mode (operating mode 2).

Figure 16-21. Transmit/Receive Data Format (Operating Mode 2)

Transmit/receive data
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Transmit/receive data
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*: When two stop bits are used (SCR:SBL = 1)

ST: Start bit, SP: Stop bit, P: Parity bit Data bit transfer method: LSB-first

o  Clock inversion function

When the SCES bit in the LIN-UART extended status control register (ESCR) is "1", the serial clock is inverted. In the case of
serial clock reception side is selected, the LIN-UART samples data at the falling edge of the received serial clock. In the case
of serial clock transmission side is selected, the mark level is set to "0" when the SCES bit is "1".

Figure 16-22. Transmission Data Format During Clock Inverted

Transmit/receive clock _U_U_U_U_U_U_U_U_U_Lr_ Mark level
(SCES =0, CCO =0): . .

Transmit/receive clock '
(SCES =1,CCO = 0): d Mark level

Data stream (SSM = 1) iST| [T T T T 17T [+
(No parity, 1 stop bit)

Data frame

o Start/stop bits
When the SSM bit in the LIN-UART extended communication control register (ECCR) is "1", the start and stop bits are added
to the data format as they are in asynchronous mode.

o Clock supply
In clock synchronous mode (normal), the number of transmit/receive data bits must be equal to the number of clock cycles.

When the start/stop bits are enabled, the number of clock cycles must be equal to the sum of the transmit/receive data bits
and the added start/stop bits.

With the serial clock transmission side having been selected (ECCR:MS = 0), when the serial clock output is enabled
(SMR:SCKE = 1), a synchronous clock is automatically output during transmission/reception. When the serial clock reception
side (ECCR:MS = 1) is selected or the serial clock output is disabled (SMR:SCKE = 0), clock cycles equal to the number of
transmit/receive data bits must be supplied from an external clock pin.
The clock signal must be kept at the mark level ("H") if serial data is not related to transmission/reception.

o Clock delay

When the SCDE bit in the ECCR is set to "1", a delayed transmit clock is output as shown in Figure 16-23.. This function is
required when the device on the reception side samples data at the rising edge or falling edge of the serial clock.
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Figure 16-23. Transmit Clock Delay (SCDE = 1)

Write transmit data ﬂ

*Receive data sample edge (SCES = 0)

Transmit/receive
clock (normal)

Transmit clock

Mark level

Mark level

Mark level

(SCDE = 1) i

Transmit/receive data 0 1 1 0 1 0.0 1,
. LSB MSB |
' Data '
~ >

o Clock inversion

LIN-UART

When the SCES bit in the LIN-UART extended status register (ESCR) is "1", the LIN-UART clock is inverted, and receive data
is sampled at the falling edge of the LIN-UART clock. At that time, the value of the serial data must become valid at the edge

of the LIN-UART clock.
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a Continuous clock supply

When the CCO bit in the ESCR register is "1", the serial clock output from the SCK pin is continuously supplied on the serial
clock transmission side. In this case, add the start bit and the stop bit to the data format (SSM = 1) in order to identify the
beginning and end of the data frame. Figure 16-24. shows the operation of continuous clock supply (operating mode 2).

Figure 16-24. Continuous Clock Supply (Operating Mode 2)

Transmit/receive clock

(SCES =0,CCO =1):

Transmit/receive clock l I

(SCES =1,CCO =1): ' g

Data stream (SSM = 1) |ST| | | | | | | | |SP:
(No parity, 1 stop bit) i )

Data frame

o Error detection

When the start bit and the stop bit are disabled (ECCR:SSM = 0), only overrun errors are to be detected.
7 Communication settings for synchronous mode

To perform communications in synchronous mode, the following settings are required.
o LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO)
Set the dedicated baud rate reload counter to a required value.
3 LIN-UART serial mode register (SMR)
MD1, MDO: "10g" (Operating mode 2)
SCKE : "1"- Uses the dedicated baud rate reload counter
1 "0"- Inputs an external clock
SOE :"1"- Enables transmission/reception
: "0"— Enables only reception
a LIN-UART serial control register (SCR)
RXE, TXE: Set either bit to "1".
AD : Since the address/data format selection function is not used, the value of this bit has no effect on operation.
CL : Since the bit length is automatically set to 8 bits, the value of this bit has no effect on operation.
CRE : "1": Clears the error flag in the SSR register.

- For SSM = 0:
PEN, P, SBL : Since neither the parity bit nor the stop bit is used, the values of these three bits have no effect on
operation.
- For SSM =1:
PEN : "1": Adds/detects parity bit, "0": Not use parity bit
P :"": Even parity, "0": Odd parity
SBL : "1": Stop bit length 2, "0": Stop bit length 1
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o LIN-UART serial status register (SSR)
BDS : "0"- LSB-first, "1"— MSB-first
RIE :"1"- Enables receive interrupts, "0"— Disables receive interrupts
TIE :"1"- Enables transmit interrupts, "0"— Disables transmit interrupts
o LIN-UART extended communication control register (ECCR)
SSM : "0"- Not use start/stop bits (normal),
"1"— Uses start/stop bits (extended function),
MS : "0"- Serial clock transmission side (serial clock output),
"1"— Serial clock reception side (inputs serial clock from the device on the serial clock transmission side)

Note:
To start communication, write data to the LIN-UART transmit data register (TDR).
To receive data only, disable the serial output (SMR:SOE = 0), and then write dummy data to the TDR register.

Enabling continuous clock output and the start/stop bits enables bi-directional communication as that in asynchronous mode.

16.0.3  Operations of LIN function (Operating Mode 3)

In operating mode 3, the LIN-UART works as the LIN master and the LIN slave. In operating mode 3, the communication for-
mat is set to 8-bit data, no parity, stop bit 1, LSB first.

m  Asynchronous LIN Mode Operation
o Operation as LIN master

In LIN mode, the master determines the baud rate for the entire bus, and the slave synchronizes with the master.

Writing "1" to the LBR bit in the LIN-UART extended communication control register (ECCR) outputs 13 bits to 16 bits at the
"L" level from the SOT pin. These bits are the LIN synch break indicating the beginning of a LIN message.

The TDRE flag bit in the LIN-UART serial status register (SSR) is then set to "0". After the LIN synch break, the TDRE flag bit
is set to "1" (initial value). If the TIE bit in SSR is "1" at this time, a transmit interrupt is output.

The length of the LIN synch break transmitted is set by the LBLO/LBL1 bits in ESCR as shown in the following table.

Table 16-17. LIN Synch Break Length

LBLO LBL1 Sy';::g'::‘eak
0 0 13 bits
1 0 14 bits
0 1 15 bits
1 1 16 bits

A LIN synch field is transmitted as byte data 0x55 following a LIN synch break. To prevent the generation of a transmit inter-
rupt, 0x55 can be written to the TDR after the LBR bit in ECCR is set to "1" even if the TDRE flag bit is "0".

a Operation as LIN slave

In LIN slave mode, the LIN-UART must synchronize with the baud rate of the master. The LIN-UART generates a receive
interrupt when LIN break interrupt is enabled (LBIE = 1) even though reception has been disabled (RXE = 0). The LBD bit in
ESCR is set to "1" as a receive interrupt is generated.

Writing "0" to the LBD bit clears the receive interrupt request flag.

The calculation of baud rate is illustrated below using the operation of the LIN-UART as an example. When the LIN-UART
detects the first falling edge of the synch field, set the internal signal to be input to the 8/16-bit composite timer to "H", and
then start the 8/16-bit composite timer. The internal signal becomes "L" at the fifth falling edge. The 8/16-bit composite timer
must be set to the input capture mode. In addition, the 8/16-bit composite timer interrupt must be enabled and the 8/16-bit
composite timer must be set to detect both edges. The time at which the input signal input to the 8/16-bit composite timer is
eight times the baud rate.
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The baud rate setting can be found by the following equations.
When the counter of the 8/16-bit composite timer does not overflow

:BGR value = (b-a)/8 -1

When the counter of the 8/16-bit composite timer has overflowed

Note:

:BGRvalue=(max+b-a)/8-1

max: Maximum value of free-run timer
a: TII0 data register value after the first interrupt
b: TIIO data register value after the second interrupt

If the BGR value newly calculated based on the synch field in LIN slave mode as explained above has an error of +15% or
more, do not set the baud rate.

For the operations of the input capture function of the 8/16-bit composite timer, see "14.13 Operation of Input Capture Func-

tion".

o  LIN synch break detection interrupt and flag

The LIN break detection (LBD) flag in ESCR is set to "1" when the LIN synch break is detected in slave mode. When the LIN
break interrupt is enabled (LBIE = 1), an interrupt is generated.

Figure 16-25. Timing of LIN Synch Break Detection and Flag Set

Serial input
(LIN bus)

LBD

TIIO input
(LSYN)

Serial clock |

Uy yT

T 1BD clearedbycPU | |

[ |1 | |
[

|

| Synch field | |

The above diagram shows the timing of the LIN synch break detection and flag.

Since the data framing error (FRE) flag bit in SSR generates a receive interrupt two bits earlier than a LIN break interrupt (if
the following communication format is used: 8-bit data, no parity, one stop bit.), set the RXE to "0" when using the LIN break.

The LIN synch break detection functions only in operating mode 3.

Figure 16-26. shows the LIN-UART operation in LIN slave mode.
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16.0.4  Serial Pin Direct Access

The transmit pin (SOT) and the receive pin (SIN) can be accessed directly.

m  LIN-UART Pin Direct Access

The LIN-UART allows the programmer to directly access the serial 1/0O pins.

The status of the serial input pin (SIN) can be read by using the serial I/O pin direct access bit (ESCR:SIOP).

To freely set the value of the serial output pin (SOT), enable the direct write access to the serial output pin (SOT)
(ESCR:SOPE = 1), write "0" or "1" to the serial I/O pin direct access bit (ESCR:SIOP), and then enable serial output
(SMR:SOE =1).

In LIN mode, this feature is used for reading transmitted data and for error handling when there is a physical LIN bus line sig-
nal error.

Note:
Direct access is allowed only when transmission is not in progress (the transmit shift register is empty).

Before enabling transmission (SMR:SOE = 1), write a value to the serial output pin direct access bit (ESCR:SIOP). This pre-
vents a signal of an unexpected level from being output since the SIOP bit holds a previous value.

While the value of the SIN pin is read by normal read, the value of the SOT pin is read from the SIOP bit by the read-modify-
write (RMW) type of instruction.

16.0.5  Bidirectional Communication Function (Normal Mode)

Normal serial bidirectional communication can be performed in operating mode 0 or 2. Asynchronous mode can be selected
in operating mode 0 and synchronous mode in operating mode 2.

m Bidirectional Communication Function

To operate the LIN-UART in normal mode (operating mode 0 or 2), do the settings shown in Figure 16-28..

Figure 16-28. Settings of LIN-UART Operating Mode 0 and Operating Mode 2

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SCR,SMR [PEN [P [SBL [CL JAD |CRE |RXE |TXE |MD1 |[MDO [OTO |EXT |REST|UPCL[SCKE[SOE |
Mode 0 — ® ® ® ® *x 0 ® ® 0 0 0 ® 0 0 o o
Mode 2 — @ B @ *+ *x 0 ® ® 1 0 ® ® 0 0 @ 6

SSR, Set conversion data (during writing)
RDR/TDR PE  |ORE |FRE |RDRFITDRE|BDS |RIE [TIE Retain reception data (during reading)

Mode 0 — ©@ ®© 6 ©®© 6 ©© 60 6
Mode 2 — o o @ o ©] ©] © ®

ESCR, ECCR |LBIE |LBD |LBL1 |LBLO |SOPE|SIOP |cCO |SCES 5:;” LBR |MS |SCDE|SSM 5;’;9" RBI |TBI

Mode 0 — x x x x ® ® 0 0 o0 o0 x x x 0 ®

Mode 2 — x x x x ® ® m ® 0 x ® ©® ® 0 =]
@©: Bit to be used

x: Unused bit

1: Set to "1"

0: Set to "0"

[@]: Used when SSM = 1 (Synchronous star/stop bit mode)
+: Bit correctly set automatically

A Inter-CPU connection

When using bidirectional communication, connect two CPUs as shown in Figure 16-29..
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Figure 16-29. Example of Connection for Bidirectional Communication in LIN-UART Operating Mode 2

Output
SCK

SIN SIN

Input
> SCK

Irue

CPU1

(Serial clock transmit side)

CPU2
(Serial clock receive side)

0 Communication procedure example

LIN-UART

The communication starts from the transmit side at any time after transmit data is ready. The receive side returns ANS (per
one byte in this example) regularly after receiving transmit data. Figure 16-30. is an example of bidirectional communication

flow chart.

Figure 16-30. Example of Bidirectional Communication Flow Chart

(Master)

Set operating mode
(0or2)

Communicate with 1-byte
data set in TDR

NO

l Data received?

Read and process received
data

Data transmission
_——

Data transmission

—
(ANS)

(Slave)

Set operating mode
(same as that of the master)

»le
L)

Data received?

Read and process received
data

!

Transmit 1-byte data

16.0.6

Master/Slave Mode Communication Function (Multiprocessor Mode)

Operating mode 1 allows communication among multiple CPUs connected in master/slave mode. The LIN-UART can be
used as a master or a slave.
m Master/Slave Mode Communication Function

To operate the LIN-UART in multiprocessor mode (operating mode 1), do the settings shown in Figure 16-31..
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bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bitS5 bit4d bit3 bit2 bit1 bit0
SCR, SMR [PEN [P [SBL |[CL |AD |CRE |RXE |TXE |MD1 [MDO [OTO |EXT |REST|UPCL|SCKE|SOE |
Mode 1 — + x ® ® ® 0 ® ® 0 1 0 ® 0 0 ® ®
SSR, Set compare data (during writing)
RDR/TDR PE  |ORE |FRE |RDRFITDRE|BDS |RIE [TIE Retain receive data (during reading)
Mode 1 —» x ® ® © O] © ® ®
ESCR,ECCR |[LBIE |LBD [LBL1 |LBLO [SOPE|SIOP |CCO [SCES 5:;” LBR [MS |SCDE[ssm 5;’;9" RBI [TBI
Mode 1 — x x x x ® ® 0 0 0 x x X X 0 ® ®
@©: Bit to be used
x: Unused bit
1: Set to "1"
0: Set to "0"
+: Bit correctly set automatically

7 Inter-CPU connection

For master/slave mode communication, a communication system consists of two common communication lines connecting
between one master CPU and multiple slave CPUs as shown in Figure 16-32.. The LIN-UART can be used as a master or a

slave.

Figure 16-32. Connection Example of LIN-UART Master/Slave Mode Communication

SOT % %
SIN x Y
Master CPU v v
SOT SIN SOT SIN
Slave CPU #0 Slave CPU #1

o Function selection

In master/slave mode communication, select the operating mode and the data transfer method as shown in Figure 16-32..
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Table 16-18. Selection of Master/Slave Mode Communication Functions

Operating mode .
Data Parity | Synchronou | o it | | Bit
Master CPU | Slave CPU s method direction
Address . . AD =1
transmission/ | Operating Operating + i
reception mode 1 mode 1 7-bit or 8-bit address ) | LSB first
(Transmit/ (Transmit/ None | Asynchronous |1 bit or 2 bits | or
Data trans- receive AD receive AD AD =0 MSB first
mission/ bit) bit) +
reception 7-bit or 8-bit data

0 Communication procedure

Master/slave mode communication starts as the master CPU transmits address data. The address data, which is the data
chosen when the AD bit is set to "1", determines the slave CPU that is to be the destination of the communication. A slave
CPU uses a program to check address data, and communicates with the master CPU when the address data matches the
address assigned to that slave CPU.

Figure 16-33. is a flow chart showing master/slave mode communication (multiprocessor mode).

Figure 16-33. Master/Slave Mode Communication Flow Chart

(Master CPU)

| Set to operating mode 1 |

(Slave CPU)

| Set to operating mode 1 |

Set SIN pin for serial data Set SIN pin for serial data
! t g

input. input.
Set SOT pin for serial data Set SOT pin for serial
output. data output.

v v

Set 7 or 8 data bits. Set 7 or 8 data bits.
Set 1 or 2 stop bits. Set 1 or 2 stop bits.

v

| Set AD bit to "1" |

Enable transmission/
reception

I
" —=
Enable transmission/ |
reception

| Transmit address to slave | @

Receive bytes |

Y

| Set AD bit to "0"

YES
lave address matches
address data
YES
A 4

Y Communicate with master
Communicate with slave CPU
CcPU

Terminate
communication?
YES

ommunicate
with another slave
CcPU

YES

Disable transmission/
reception
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16.0.7 LIN Communication Function

In LIN-UART communication, a LIN device can be used in a LIN master system or a LIN slave system.
m LIN Master/Slave Mode Communication Function

To operate the LIN-UART in LIN communication mode (operating mode 3), do the settings shown in Figure 16-34..

Figure 16-34. Settings of LIN-UART Operating Mode 3 (LIN)

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

+: Bit correctly set automatically

SCR,SMR [PEN [P [SBL |CL JAD |CRE |RXE |[TXE |MD1 |MDO |OTO |EXT |REST|UPCL|SCKE[SOE |
Mode 3 — + x  + + x 0 ® o 1 1 0 ® 0 0 ® ®
SSR, Set conversion data (during writing)

RDR/TDR PE  |ORE |FRE |RDRFITDRE|BDS |RIE [TIE Retain reception data (during reading)

Mode 3 —» x ® ® O] © + O] O]

ESCR, ECCR |LBIE |LBD |[LBL1 |LBLO |[SOPE[SIOP |CCO |SCES 5;5“ LBR [MS |SCDE[SSM 5:;” RBI |[TBI
Mode 3 —» © © © © © © 0 0 0 © X x x 0 © ©
©: Bit to be used

x: Unused bit

1: Set to "1"

0: Set to "0"

o LIN device connection

Figure 16-35. shows an example of communication in a LIN bus system.

The LIN-UART can operate as a LIN master or a LIN slave.

Figure 16-35. Example of LIN Bus System Communication

:

x

;

>~
=
=

SOT > >r¢
SIN | @]J
LIN master Transceiver

LIN bus

SOT

SIN

B
<
L@

Y

Transceiver

LIN slave
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16.0.8

This section shows examples of LIN-UART LIN communication flow charts.
m LIN Master Device

Figure 16-36. LIN Master Flow Chart

LIN-UART

Examples of LIN-UART LIN Communication Flow Chart (Operating Mode 3)

Initial setting:

Set to operating mode 3

Enable serial data output, set baud
Set synch break length
TXE=1,TIE=0,RXE=1,RIE=1

rate

-l
-

Message?

Wake up?
(0x80 reception

)

RXE =0

Enable synch break interrupts
Transmit synch break:
ECCR:LBR =1

Transmit Synch field:

TDR = 0x55

LBD =1

Yy

Enable reception
LBD =0

Disable synch break
interrupts

RDRF =1

Q

Synch break interrupts

Receive interrupt

Receive synch field !
Set Identify field: TDR = ID

RDRF =1

Q

Receive ID field™

Receive interrupt

(Reception)
Data field
received?

YES

Receive interrupt

Receive data 1" ‘

RDRF =1
Receive interrupt

Receive data N

(Transmission)
NO

A

Set transmit data 1
TDR = Data 1
Enable transmit
interrupts

TDRE =1
Transmit interrupt

"~y

Set transmit data N
TDR = Data N
Disable transmit
interrupts

RDRF =1
Receive interrupt

Q

Receive data 1"
Read data 1

RDRF =1
Receive interrupt

Q

Receive data N
Read data N

NO 2
Handle an error

.
|

*1: If an error occurs, proceed to process the error.
* 2: - If the FRE or ORE flag is set to "1", write "1" to the SCR:CRE bit to clear the error flag.

- If the ESCR:LBD bit is set to "1", execute the LIN-UART reset.
Note: Deal properly with any error detected in a process.
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m LIN Slave Device

Figure 16-37. LIN Slave Flow Chart

Initial setting:

Set to operating mode 3

Enable serial data output
TXE=1,TIE=0,RXE=0, RIE=1
Connect LIN-UART with 8/16-bit composite
timer

-

Y

Disable reception
Enable 8/16-bit composite timer interrupts
Enable synch break interrupts

(Transmission)
NO

(Reception)

YES Data field

received?

LBD =1
Synch break interrupt

")

RDRF =1

Clear synch break detection Receive interrupt \

ESCR:LBD =0 ) 1 Set transmit data 1

Disable synch break Receive data 1 TDR = Data 1

interrupts RDRF = 1 Enable transmit
Receive interrupt interrupts

TIIO interrupt
TDRE =1

Transmit interrupt

"y

)

| Receive data N |

Read 8/16-bit composite timer data
Clear 8/16-bit composite timer interrupt flag Set transmit data N
TDR = Data N
v Disable transmit
interrupts

TIIO interrupt | Disable reception |

Q

RDRF =1
Receive interrupt

Read 8/16-bit composite timer data

Adjust baud rate

Enable reception

Clear 8/16-bit composite timer interrupt

fla

Disable 8/16-bit composite timer interrupts

U

Receive data 1"
Read data 1

RDRF =1

RDRF =1 Receive interrupt

Receive interrupt

)

R

N ) »
Receive Identify field ' Receive data N
Read data N

Disable reception

NO |

NO >
| Handle an error |—>

Sleep mode?

Wake-up
received?

\

Wake-up
transmitted?

. |
Transmit wake-up code L
| P [

Y

*1: If an error occurs, proceed to process the error.

* 2: - If the FRE or ORE flag is set to "1", write "1" to the SCR:CRE bit to clear the error flag.
- If the ESCR:LBD bit is set to "1", execute the LIN-UART reset.

Note: Deal properly with any error detected in a process.
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16.1 Notes on Using LIN-UART

This section provides notes on using the LIN-UART.
m Notes on Using LIN-UART
o Enabling operation
The LIN-UART has the TXE bit and the RXE bit in the LIN-UART serial control register (SCR) to enable transmission and

reception respectively. Since both transmission and reception are disabled by default (initial values), they must be enabled
before the transfer starts. Transmission and reception can be disabled to stop transfer if necessary.

0 Setting communication mode
The communication mode should be set while the LIN-UART stops operating. If the communication mode is set while trans-

mission or reception is in progress, the integrity of data being transmitted or received at the setting of the mode is not guaran-
teed.

o Timing of enabling transmit interrupts
Since the default (initial) value of the transmit data empty flag bit (SSR:TDRE) is "1" (no transmit data, transmit data write

enabled), a transmit interrupt request is made immediately after the transmit interrupt request is enabled (SSR:TIE = 1). To
prevent any transmit interrupt request from being made, always set the TIE flag bit to "1" after setting transmit data.

a  Modifying operation settings
Prior to modifying any of the following bits while the sampling clock edge select bit (ESCR:SCES) is set to "0", disable recep-
tion and transmission. After the modification, reset the LIN-UART with a software reset.

o Serial control register (SCR)

Parity enable bit (PEN), stop bit length select bit (SBL), data length select bit (CL)

o Serial mode register (SMR)

Operating mode select bits (MD1, MDO)

0 Extended status control register (ESCR)

Continuous clock output enable bit (CCO)

0 Extended communication control register (ECCR)

Serial clock transmission/reception side select bit (MS), serial clock delay enable bit (SCDE), start/stop bits mode enable
bit (SSM)
To reset the LIN-UART with a software reset (SMR:UPCL = 1), finish modifying the settings of the SMR register first, and then
access the register again.

In the case of not following the above procedure to modify operating settings, proper operations of this device cannot be guar-
anteed.

Though the transmission bit length of the LIN break field is variable, the detection bit length of the LIN break field is fixed at 11
bits.

a1 Modifying sampling clock edge select bit (ESCR:SCES)
With the SCES bit set to "1", executing the LIN-UART software reset is prohibited.
a To modify the SCES bit from "0" to "1"

Disable reception and transmission, executing a LIN-UART software reset (SMR:UPCL = 1), then modify the SCES bit
from "0" to "1".
a To modify the SCES bit from "1" to "0"

Disable reception and transmission, modify the SCES bit from "1" to "0", then executing a LIN-UART software reset
(SMR:UPCL = 1).
a Using LIN functions

The LIN functions are available in operating mode 3. In the same mode, the communication format is predefined (8-bit data,
no parity, one stop bit, LSB first).
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While the length of the LIN synch break transmit bit is variable, in detection, the bit length is fixed at 11 bits.

o LIN slave settings
Before the LIN-UART starts operating as a slave, the baud rate must be set before the first LIN synch break is received to
ensure that a LIN synch break whose length is a minimum of 13 bits is successfully detected.

o Bus idle function

The bus idle function is not available in synchronous mode (operating mode 2).
a AD bit (LIN-UART serial control register (SCR): Address/data format select bit)

Pay attention to the following issues when using the AD bit.

The AD bit is used to select the address/data for transmission by writing a value to it. When the AD bit is read, it returns the
value of the AD bit received last. Inside the microcontroller, the AD bit value received and the one transmitted are saved in
separate registers.

The AD bit value transmitted is read when the read-modify-write (RMW) type of instruction is used. Therefore, if another bit in
the SCR register is accessed by bit access, an incorrect value may be written to the AD bit.

For the above reason, the AD bit must be set by the last access to the SCR register before transmission. The above problem
can also be prevented by always using byte access to write values to the SCR register.

7 LIN-UART software reset

Execute the LIN-UART software reset (SMR:UPCL = 1) when the TXE bit in the LIN-UART serial control register (SCR) is "0".
a Synch break detection

In operating mode 3 (LIN mode), when serial input is 11 bits or more in width and becomes "L", the LBD bit in the extended
status control register (ESCR) is set to "1" (synch break detected) and the LIN-UART waits for the synch field. Therefore,
when serial input has more than 11 bits of "0" not at the time of a synch break, the LIN-UART recognizes that a synch break
has been input (LBD = 1) and then waits for the synch field.

In this case, execute the LIN-UART reset (SMR: UPCL = 1).
o Handling framing errors

If a framing error occurs (stop bit:SIN = 0) and the next start bit (SIN = 0) immediately follows it, this start bit is recognized
regardless of a falling edge for the start bit and reception is started. This sequence is used for detecting the continuous "L"
state of the serial data input (SIN) when the next framing error is detected while the data stream is synchronized (See "When
reception is always enabled (RXE = 1)" in Figure 16-38.).

If this operation is not necessary, disable data reception temporarily after receiving a framing error (RXE = 1—50-1).
Therefore, the falling edge of the serial data input (SIN) is detected, the start bit is recognized when "L" is detected at the
reception sampling point, and the reception is started (See "When reception is temporarily disabled (RXE = 1-50—1)" in
Figure 16-38.).
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Figure 16-38. UART Dominant Bus Operation

When reception is always enabled (RXE = 1)

SIN -

FRE ,ﬂ{ ad [

]

CRE 1/ )
/ i / [ \ \ /
Framing error Erroris Reception is ongoing Next framing Falling edge is
occurs cleared regardress of no falling error occurs next start bit
edge edge

When reception is temporarily disabled (RXE=1— 0 — 1)

SIN -
FRE A [ \
‘ T
CRE /// "]
TV | |
RXE // /1| ] N

/ Reception is reset:

) Error is cleared Waitng for falling edge Falling edge is
Framing error next start bit
occurs - edge

Reception is ongoing No further errors
regardress of no falling
edge
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16.2 Example of Setting LIN-UART

This section describes the example of LIN-UART.

m  Example of Setting Methods

3 Method of selecting an operating mode

Use the operating mode select bits (SMR:MD[1:0]).

Operating mode

Operating mode select bits (MD[1:0]).

Mode 0 Asynchronous (Normal mode)

Set the bits to "00g".

Mode 1 Asynchronous (Multiprocessor mode)

Set the bits to "01g".

Mode 2 Synchronous (Normal mode)

Set the bits to "10g".

Mode 3 Asynchronous (LIN mode)

Set the bits to "11g".

o Types of operating clock and method of selecting an operating clock

Use the external clock select bit (SMR:EXT).

Clock input

External clock select bit (EXT)

To select a dedicated baud rate generator

Set the bit to "0".

To select an external clock

Set the bit to "1".

o Method of controlling the SCK, SIN, and SOT pins

Use the following settings.

Operation LIN-UART
. . . DDRO0:P02 =0
To set the SCK pin as an input pin SMR:SCKE =0
To set the SCK pin as an output pin SMR:SCKE =1
To use the SIN pin DDRO0:P04 =0
To use the SOT pin SMR:SOE =1

301
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Receive operation enable bit (RXE)

Set the bit to "0".
Set the bit to "1".
Transmit operation control bit (TXE)
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Embedded in Tomorrow™
o Method of enabling/disabling the LIN-UART operation

Use the receive operation enable bit (SCR:RXE).

Operation

To enable reception
Set the bit to "0".

Set the bit to "1".

To disable reception
Use the transmit operation control bit (SCR:TXE).

Operation

One-to-one external clock input enable bit (OTO)

To disable transmission
Use the one-to-one external clock input enable bit (SMR:OTO).

To enable transmission

a Method of using an external clock as the serial clock of the LIN-UART
Set the bit to "1".

Operation

Reload counter restart bit (REST)

To enable the external clock
o Method of restarting the reload counter
Set the bit to "1".

Use the reload counter restart bit (SMR:REST).

Operation

LIN-UART programmable clear bit (UPCL)

Set the bit to "1".
Parity polarity (P)

To restart the reload counter
a1 Method of resetting the LIN-UART
Use the LIN-UART programmable clear bit (SMR:UPCL).

Operation
To reset the LIN-UART with software
Use the parity enable bit (SCR:PEN) and the parity select bit (SCR:P).
Parity control (PEN)
Set the bit to "0".

302

Set the bit to "1".

reset

o Method of setting the parity

Set the bit to "0".
Set the bit to "1".

Operation
Set the bit to "1".

To use no parity
To use the even parity

To use the odd parity
1 Method of setting the data length
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Use the data length select bit (SCR:CL).

Operation Data length select bit (CL)
To set the bit length to 7 bits Set the bit to "0".
To set the bit length to 8 bits Set the bit to "1".

0 Method of selecting the stop bit length
Use the stop bit length select bit (SCR:SBL).

Operation Stop bit length select bit (SBL)
To set the stop bit length to 1 Set the bit to "0".
To set the stop bit length to 2 Set the bit to "1".

o Method of clearing the error flag

Use the receive error flag clear bit (SCR:CRE).

Operation Receive error flag clear bit (CRE)

To clear the error flag (PE, ORE, FRE) | Set the bit to "1".

o Method of setting the transfer direction
Use the transfer direction select bit (SSR:BDS).

In all operating modes, the transfer direction can be selected from LSB-first and MSB-first.

Operation Transfer direction select bit (BDS)

To select the LSB-first

(from the least significant bit) Set the bit o "0".

To select the MSB-first

(from the most significant bit) Set o the bit ™1".

o Method of clearing the receive completion flag

Use the following method.

Operation Method

To clear the receive completion flag Read the RDR register.

Reception starts at the first time the RDR register is read.
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7 Method of clearing the transmit buffer empty flag

Use the following method.

Operation Method

To clear the transmit buffer empty flag | Write data to the TDR register.

Transmission starts at the first time data is written to the TDR register.
o Method of selecting the data format (address/data) (only in operating mode 1)

Use the address/data format select bit (SCR:AD).

Operation Address/data format select bit (AD)
To select the data frame Set the bit to "0".
To select the address frame Set the bit to "1".

The setting is effective only in transmission. The AD bit is ignored in reception.
o Method of setting the baud rate

See "16.1 LIN-UART Baud Rate".
o Interrupt-related registers

Interrupt level is set by interrupt level setting registers as shown in the following table.

\ Interrupt level setting register Interrupt vector

—
R i Interrupt level setting register (ILR1) #7
eception Address: 0007Ay Address: OFFEC
T . Interrupt level setting register (ILR2) #8
ransmission | Address: 00078y, Address: OFFEA,

o Method of enabling/disabling/clearing interrupts
Interrupt request enable flag, interrupt request flag

Use the interrupt request enable bits (SSR:RIE), (SSR:TIE) enable respective interrupts.

UART reception UART transmission
Operation Receive interrupt enable | Transmit interrupt enable
bit (RIE) bit (TIE)
To disable interrupt requests Set the bit to "0"
To enable interrupt requests Set the bit to "1"

CYPRESS

Embedded in Tomorrow
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Use the following setti

ng to clear interrupt requests.

Operation

UART reception

UART transmission

To clear interrupt

The receive data register full flag bit (RDRF) is
cleared by reading the LIN-UART serial input
register (RDR).

requests

The error flag (PE, ORE or FRE) is set to "0"
by writing "1" to the error flag clear bit (CRE).

The transmit data register
empty flag bit (TDRE) is set to
"0" by writing data to the LIN-
UART serial output data regis-
ter (TDR).
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This chapter describes the functions and operations of the 8/10-bit A/D converter.
17.10verview of 8/10-bit A/D Converter

17.2Configuration of 8/10-bit A/D Converter

17.3Pins of 8/10-bit A/D Converter

17.4Registers of 8/10-bit A/D Converter

17.5Interrupts of 8/10-bit A/D Converter

17.60perations of 8/10-bit A/D Converter and Setting Procedure Example
17.7Notes on Using 8/10-bit A/D Converter

17.8Sample Settings for 8/10-bit A/D Converter

17.1 Overview of 8/10-bit A/D Converter

The 8/10-bit A/D converter is a 10-bit successive approximation type of 8/10-bit A/D converter. It can be started by the soft-
ware and internal clock, with one input signal selected from multiple analog input pins.

m A/D Conversion Function

The A/D converter converts analog voltage (input voltage) input through an analog input pin to an 8-bit or 10-bit digital value.
The input signal can be selected from multiple analog input pins.

The conversion speed can be set in a program. (can be selected according to operating voltage and frequency).

An interrupt is generated when A/D conversion is completed.

a a a o a

The completion of conversion can be determined according to the ADI bit in the ADC1 register.

To activate the A/D conversion function, use one of the following methods.
a Activation using the AD bit in the ADC1 register
1 Continuous activation using the 8/16-bit composite timer output TO00

17.2 Configuration of 8/10-bit A/D Converter

The 8/10-bit A/D converter consists of the following blocks:

Clock selector (input clock selector for starting A/D conversion)
Analog channel selector

Sample-and-hold circuit

Control circuit

8/10-bit A/D converter data registers (ADDH, ADDL)

8/10-bit A/D converter control register 1 (ADC1)

8/10-bit A/D converter control register 2 (ADC2)
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m Block Diagram of 8/10-bit A/D Converter
Figure 17-1. is the block diagram of the 8/10-bit A/D converter.
Figure 17-1. Block Diagram of 8/10-bit A/D Converter

8/10-bit A/D converter control register 2 (ADC2)

| ADs | TiM1 | TiMo | ADCK | ADIE | EXT |ckbivi]ckpivoK '\,

Startup |
8/16-bit signal
composite timer —-| Selector
output pin (TOO00)
¢ | \ \A \
Analog Sample-
ANOO to ANO5 — | channel and-hold = Control circuit g
selector circuit ©
g
o
" 5
IS
T 2
8/10-bit A/D converter data Nd E
registers (ADDH, ADDL) v
\ 4 \/ ,\
| ANs3 | ANS2 | ANS1 | ANSO | ADI | ADMV |Reserved] AD K )
8/10-bit A/D converter control register 1 (ADC1)

rao—( =

1 Clock selector

This selects the A/D conversion clock with continuous activation having been enabled (ADC2:EXT = 1).
o Analog channel selector

This is the circuit selecting an input channel from several analog input pins.
a Sample-and-hold circuit
This circuit holds input voltage selected by the analog channel selector. By sampling the input voltage and holding it immedi-

ately after A/D conversion starts, this circuit prevents A/D conversion from being affected by the fluctuation in input voltage
during the conversion (comparison).

a Control circuit
The A/D conversion function determines the values in the 10-bit A/D data register sequentially from MSB to LSB based on the

voltage compare signal from the comparator. When A/D conversion is completed, the A/D conversion function sets the inter-
rupt request flag bit (ADC1: ADI) to "1".

a1 8/10-bit A/D converter data registers (ADDH, ADDL)
The upper two bits of 10-bit A/D data are stored in the ADDH register; the lower eight bits in the ADDL register.

If the A/D conversion precision bit (ADC2:AD8) is set to "1", the A/D conversion precision becomes 8-bit precision, and the
upper eight bits of 10-bit A/D data are to be stored in the ADDL register.

o 8/10-bit A/D converter control register 1 (ADC1)

This register is used to enable and disable different functions, select an analog input pin, and check the status of the A/D con-
verter.
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a  8/10-bit A/D converter control register 2 (ADC2)

This register is used to select an input clock, enable and disable interrupts and control different functions of the A/D converter.

m Input Clock

The 8/10-bit A/D converter uses an output clock from the prescaler as the input clock (operating clock).

17.3 Pins of 8/10-bit A/D Converter

This section describes the pins of the 8/10-bit A/D converter.
m Pins of 8/10-bit A/D Converter

The MB95560H Series has six channels of analog input pin.

The analog input pins are also used as general-purpose 1/O ports.
a  ANOS5 pin to ANOO pin

ANOS to ANOO:

When using the A/D conversion function, input to one of these pins the analog voltage to be converted. To
use a pin of ANO5 to ANOO as an analog input pin, write "0" to the bit in the port direction register (DDR)
corresponding to that pin, and the value representing that pin to the analog input pin select bits
(ADC1:ANSO to ANS3). A pin not used as an analog input pin can be used as a general-purpose 1/O port
even when the 8/10-bit A/D converter is in use.

The MB95570H Series has two channels of analog input pin.

The analog input pins are also used as general-purpose 1/O ports.
a  ANOS5 pin and ANO4 pin

ANO5 and AN04: When using the A/D conversion function, input to one of these pins the analog voltage to be converted. To

use ANO5 or AN04 as an analog input pin, write "0" to the bit in the port direction register (DDR) corre-
sponding to that pin, and the value representing that pin to the analog input pin select bits (ADC1:ANSO to
ANS3). A pin not used as an analog input pin can be used as a general-purpose |I/O port even when the 8/
10-bit A/D converter is in use.

The MB95580H Series has five channels of analog input pin.

The analog input pins are also used as general-purpose /O ports.
a  ANOS5 pin to ANO1 pin

ANOS to ANO1:

309

When using the A/D conversion function, input to one of these pins the analog voltage to be converted. To
use a pin of ANO5 to ANO1 as an analog input pin, write "0" to the bit in the port direction register (DDR)
corresponding to that pin, and the value representing that pin to the analog input pin select bits
(ADC1:ANSO to ANS3). A pin not used as an analog input pin can be used as a general-purpose I/O port
even when the 8/10-bit A/D converter is in use.
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Figure 17-2. Block Diagram of ANOO and ANO1

8/10-Bit A/D Converter

A/D analog input ——0~ O0———

PDR read

pull-up

PDR write

Executing bit manipulation instruction
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{}—,

DDR read

DDR write

j Stop, Watch (SPL = 1)

PUL read

PUL write

AIDR read
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AIDR

AIDR write

pin

Figur

e 17-3. Block Diagram of AN02, ANO3 and ANO5

Internal bus

Peripheral function input enable (INT02,INTO3,INTO5);
Peripheral function output enable}

Executing bit manipulation instruction

A/D analog input ——0~ 00—

Peripheral function inputI
'

Peripheral function output!

PDR read

(N

PDR write
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DDR read

@

pull-up

y

DDR write Stop, Watch
PUL read
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AIDR write

pin
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Figure 17-4. Block Diagram of AN04

A/D analog input — 00—

Peripheral function input;-

Peripheral function input enable;
(INTO4),
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~) s
0 Pull-up
PDR read ! —
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£ | DDRwrite  giop Watch (SPL=1)
k=
PUL read
PUL
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AIDR read
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AIDR write
_—

17.4 Registers of 8/10-bit A/D Converter

The 8/10-bit A/D converter has four registers: A/D converter control register 1 (ADC1), A/D converter control register 2
(ADC2), A/D converter data register upper (ADDH) and A/D converter data register lower (ADDL).

m Registers of 8/10-bit A/D Converter
Figure 17-5. lists the registers of the 8/10-bit A/D converter.
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Figure 17-5. Registers of 8/10-bit A/D Converter

8/10-bit A/D converter control register 1 (ADC1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
006Cy | ANS3 | ANS2 | ANST | ANSO | ADI [ ADMV |Reserved| AD | 00000000
RIW RIW RIW RW  RRMTW RWX R/WO RO,W
8/10-bit A/D converter control register 2 (ADC2)
Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
006Dy | AD8 | TIMI | TIMO | ADCK | ADIE [ EXT | CKDIV1 | CKDIVO | 00000000g
RIW RIW RIW RIW RIW RIW RIW RIW
8/10-bit A/D converter data register upper (ADDH)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
o6y [ - [ - [ - [ - [ - [ - ] sARe | sARs | 000000005

ROWX  ROWX  ROWX  ROMWX  ROWX  ROWX  RMWX RIWX
8/10-bit A/D converter data register lower (ADDL)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
006Fy | SAR7 | SAR6 | SAR5 | SAR4 | SAR3 | SAR2 | SAR1 [ SAR0 | 00000000
RIWX RIWX RIWX RIWX RIWX RIWX RIWX RIWX

R/W:Readable/writable (The read value is the same as the write value.)

R(RM1), W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write (RMW)
type of instruction.)

R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)
R/WO0:The write value is "0"; the read value is the same as the write value.
RO,W:Write only (Writable. The read value is "0".)

RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
-:Undefined bit

17.4.1  8/10-bit A/D Converter Control Register 1 (ADC1)

CYPRESS 8/10-Bit A/D Converter

The 8/10-bit A/D converter control register 1 (ADC1) is used to enable and disable individual functions of the 8/10-bit A/D con-

verter, select an analog input pin and check the status of the converter.
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m  8/10-bit A/D Converter Control Register 1 (ADC1)
Figure 17-6. 8/10-bit A/D Converter Control Register 1 (ADC1)

Address  bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

006CH | ANS3 [ ANS2 | ANS1 | ANSO | ADI | ADMV |Reserved| AD 000000008

RW RW R/W R/W RRM1),WRWX R/WO0 ROW

|—> AD A/D conversion start bit
0 Do not start A/D conversion.
1 Start A/D conversion.
» Reserved Reserved bit
0 Always set this bit to “0”.
> ADMV Conversion flag bit
0 No conversion
1 Conversion in progress
> ADI Interrupt request flag bit
- Read Write
0 Conversion not completed Clear this bit.
1 Conversion completed Writing *1” does not change
ADI or affect other bits.
»| ANS3 | ANS2 | ANS1 | ANSO Analog input pin select bits
0 0 0 0 ANOO pin
0 0 0 1 ANO1 pin
0 0 1 0 ANO2 pin
0 0 1 1 ANO3 pin
0 1 0 0 ANO4 pin
0 1 0 1 ANO5 pin
R/W : Readable/writable (The read value is the same as the write value.)

R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
R/WO : The write value is “0”; the read value is the same as the write value.
RO,W : Write only (Writable. The read value is “0”.)

. Initial value
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Table 17-1. Functions of Bits in 8/10-bit A/D Converter Control Register 1 (ADC1)

Bit name Function
These bits select an analog input pin to be used from ANOO to ANO5.
ANS3, ANS2, The number of analog input pins differs in the three series.
bit7 to ANS1, ANSO: When A/D conversion is started (AD = 1) by the software (ADC2: EXT = 0), these bits can be
bit4 Analog input pin select modified simultaneously.
bits Note:When the ADMV bit is "1", do not modify these bits.
Pins not used as analog input pins can be used as general-purpose ports.
This bit detects the completion of A/D conversion.
When the A/D conversion function is used, the bit is set to "1" immediately after A/D conver-
sion is complete.
bit3 ADLI: Interrupt requests are output when this bit and the interrupt request enable bit (ADC2: ADIE)
Interrupt request flag bit are both set to "1".
When "0" is written to this bit, it is cleared. Writing "1" to this bit does not change it or affect
other bits.
When read by the read-modify-write (RMW) type of instruction, this bit returns "1".
ADMV: This bit indicates that A/D conversion is in progress.
bit2 The bit is set to "1" during A/D conversion.

Conversion flag bit o - o .
This bit is read-only. Writing a value to this bit has no effect on operation.

bit1 Reserved bit Always set this bit to "0".
This bit activates A/D conversion function with the software.

Writing "1" to the bit activates the A/D conversion function.

AD: Note:Writing "0" to this bit cannot stop the operation of the A/D conversion function. The read
bit0 value of this bit is always "0".

A/D conversion start bit . . . s
When EXT = 1, starting the A/D conversion with this bit is disabled.

With EXT = 0, when "1" is written to this bit while A/D conversion is in progress, A/D conver-
sion restarts.

17.4.2  8/10-bit A/D Converter Control Register 2 (ADC2)

The 8/10-bit A/D converter control register 2 (ADC2) is used to control different functions of the 8/10-bit A/D converter, select
the input clock, and enable and disable interrupts.
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m  8/10-bit A/D Converter Control Register 2 (ADC2)
Figure 17-7. 8/10-bit A/D Converter Control Register 2 (ADC2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

006DH | AD8 | TIM1 | TIMO | ADCK| ADIE | EXT [CKDIV1|CKDIVO| 000000008

RW RW RW RW RW RW RW RW

|—> CKDIV1 [ CKDIVO Clock (CKIN) select bits
0 0 1 x MCLK
0 1 1/2 x MCLK
1 0 1/4 x MCLK
1 1 1/8 x MCLK
EXT Continuous activation enable bit

0 Start by the AD bit in the ADC1 register
1 Continuous activation by the clock selected by the ADCK bit in the ADC2 register

» ADIE Interrupt request enable bit
0 Disables interrupt request output.
1 Enables interrupt request output.

ADCK External start signal select bit

0 No external start signal is used.
1 |[Starts by 8/16-bit composite timer output pin (TO00).

» TIM1 | TIMO Sampling time select bits
0 0 CKIN x 4
0 1 CKIN x 7
1 0 CKIN x 10
1 1 CKIN x 16

> AD8 Precision select bit
0 10-bit precision
1 8-bit precision

MCLK : Machine clock
R/W : Readable/writable (The read value is the same as the write value.)
: Initial value
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Table 17-2. Functions of Bits in 8/10-bit A/D Converter Control Register 2 (ADC2)
Bit name Function
This bit selects the resolution of A/D conversion.
. Writing "0":10-bit precision is selected.
bit7 . . Writing "1":8-bit precision is selected. Reading the ADDL register can obtain 8-bit data.
Precision select bit ] ) ) )
Note:The data bits to be used are different depending on the resolution selected.
Modify this bit only when the A/D converter has stopped operating.
These bits set the sampling time.
bit6, TIM1, TIMO: Modify the sampling time according to operating conditions (voltage and frequency).
bit5 Samp"“%itti;“e select The CKIN value is determined by the clock select bits (ADC2:CKDIV4, CKDIVO).
Note:Modify these bits only when the A/D converter has stopped operating.
ADCK:
bit4 External start signal This bit selects the start signal for external start (ADC2:EXT = 1).
select bit
ADIE: This bit enables or disables outputting interrupts to the interrupt controller.
bit3 | Interruptrequestenable | Interrupt requests are output when both this bit and the interrupt request flag bit (ADC1: ADI)
bit have been set to "1".
EXT: This bit selects whether to activate the A/D conversion function with the software, or to contin-
bit2 Continuous activation uously activate the A/D conversion function whenever a rising edge of the input clock is
enable bit detected.
These bits select the clock to be used for A/D conversion. The input clock is generated by the
CKDIVA, prescaler. See "6. Clock Controller" for details.
tt;I|tt10 CKDIVO: The sampling time varies according to the clock selected by these bits.
Clock select bits Modify these bits according to operating conditions (voltage and frequency).
Note:Modify these bits only when the A/D converter has stopped operating.
17.4.3  8/10-bit A/D Converter Data Registers Upper/Lower (ADDH, ADDL)
The 8/10-bit A/D converter data registers upper/lower (ADDH, ADDL) store the results of 10-bit A/D conversion during 10-bit
A/D conversion.
The upper two bits of 10-bit data are stored in the ADDH register and the lower eight bits the ADDL register.
m 8/10-bit A/D Converter Data Registers Upper/Lower (ADDH, ADDL)
Figure 17-8. 8/10-bit A/D Converter Data Registers Upper/Lower (ADDH, ADDL)
ADDH bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
Address [ - | - | - ] - ] - ] - | sAR9 [ SAR8 | 000000005
006EH RO/WX RO/WX RO/WX RO/WX RO/WX RO/WX RWX R/WX
ADDL bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
| SAR7 | SAR6 | SAR5 | SAR4 | SAR3 | SAR2 | SAR1 | SAR0O | 000000005
RWX RMWX R/WX RWX RWX RWX R/WX

Address
006F R/WX
R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)
RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
-:Undefined bit

The upper two bits of 10-bit A/D data correspond to bit1 and bit0 in the ADDH register and the lower eight bits bit7 to bit0 in

If the AD8 bit in ADC2 register is set to "1", 8-bit precision is selected. Reading the ADDL register can obtain 8-bit data.
316

the ADDL register.
These two registers are read-only registers. Writing data to them has no effect on operation.
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In A/D conversion in which 8-bit precision is selected, SAR8 and SAR9 in the ADDH register become "0".

o A/D conversion function
When A/D conversion is started, the results of conversion are finalized and stored in the ADDH and ADDL registers after the
conversion time according to the register settings elapses. After A/D conversion is completed and before the next A/D conver-

sion is completed, read A/D data registers (conversion results), and clear the interrupt request flag bit (ADI) in the ADC1 reg-
ister. During A/D conversion, the values of the ADDH and ADDL registers are results of the last A/D conversion.

17.5 Interrupts of 8/10-bit A/D Converter

The completion of conversion during the operation of the A/D converter is an interrupt source of the 8/10-bit A/D converter.
m Interrupts During 8/10-bit A/D Converter Operation

When A/D conversion is completed, the interrupt request flag bit (ADC1:ADI) is set to "1". Then if the interrupt request enable
bit has been enabled (ADC2:ADIE = 1), an interrupt request is made to the interrupt controller. Write "0" to the ADI bit using
the interrupt service routine to clear the interrupt request.

The ADI bit is set to "1" when A/D conversion is completed, irrespective of the value of the ADIE bit.

The CPU cannot return from interrupt processing if the interrupt request flag bit (ADC1:ADI) is "1" with interrupt requests hav-
ing been enabled (ADC2:ADIE = 1). Always clear the ADI bit in the interrupt service routine.

m  Register and Vector Table Addresses Related to 8/10-bit A/D Converter Interrupts

Table 17-3. Register and Vector Table Addresses Related to 8/10-bit A/D Converter Interrupts

Interrupt Interrupt level setting register Vector table address
Interrupt source - - -
request no. Register Setting bit Upper Lower
8/10-bit A/D converter IRQ18 ILR4 L18 FFD6y FFD7y

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

17.6 Operations of 8/10-bit A/D Converter and Setting Procedure
Example

The 8/10-bit A/D converter can activate A/D conversion with the software or activate A/D conversion continuously according
to the setting of the EXT bit of the ADC1 register.

m Operations of 8/10-bit A/D Converter Conversion Function
o Software activation

To activate the A/D conversion function with the software, do the settings shown in Figure 17-9..
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Figure 17-9. Settings for A/D Conversion Function (Software Activation)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

ADC1 ANS3 | ANS2 | ANS1 | ANSO ADI ADMV Res(‘fr"e AD
) O] © © O] O] 0 1

ADC2 [ AD8 | TIM1 | TIMO | ADCK | ADIE | EXT | CKDIVi | CKDIVO |
© O] © x © 0 O] ©

ADDH ) ) ) A/D converted

value retained

ADDL A/D converted value retained |

@©: Bit to be used
x: Unused bit
1: Setto "1"

0: Set to "O"

When the A/D conversion function is activated, A/D conversion starts. In addition, the A/D conversion function can be re-acti-
vated even during conversion.
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1 Continuous activation

To execute continuous activation of the A/D conversion function, do the settings shown in Figure 17-10..

Figure 17-10. Settings for A/D Conversion Function (Continuous Activation)

bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0

ADC1 ANS3 | ANS2 | ANS1 | ANSO ADI ADMV Resj’”’e AD
© © © O] © © 0 x

ADC2 [AD8 | TIM1 | TIMO | ADCK | ADIE | EXT | CKDIV1 | CKDIVO |
© © © O] © 1 © ©]
ADDH - - - - } ) A/D converted
value retained

ADDL A/D converted value retained |

©: Bit to be used
x: Unused bit
1: Set to "1"
0 Set tn "Q"

When continuous activation is enabled, the A/D conversion function is activated at the rising edge of the input clock selected
to start A/D conversion. Continuous activation is stopped when disabled (ADC2:EXT = 0).

Operations of A/D Conversion Function

This section explains the operations of 8/10-bit A/D converter.

1.

When A/D conversion is started, the conversion flag bit is set (ADC1:ADMV = 1) and the selected analog input pin is con-
nected to the sample-and-hold circuit.

The voltage in the analog input pin is loaded into a sample-and-hold capacitor in the sample-and-hold circuit during the
sampling cycle. This voltage is held until A/D conversion is completed.

The comparator in the control circuit compares the voltage loaded into sample-and-hold capacitor with the A/D conversion
reference voltage, from the most significant bit (MSB) to the least significant bit (LSB), and then transfers the results to the
ADDH and ADDL registers.

After the results have been transferred to the two registers, the conversion flag bit is cleared (ADC1:ADMV = 0) and the
interrupt request flag bit is set to "1" (ADC1:ADI = 1).

Notes:

The contents of the ADDH and ADDL registers are retained until the end of A/D conversion. Therefore, during A/D conver-
sion, the values resulting from last conversion will be returned if the two registers are read.

Do not change the analog input pin (ADC1: ANS3 to ANS0) while AD conversion function is being used. During continu-
ous activation in particular, disable continuous activation (ADC2: EXT = 0) before changing the analog input pin.

The start of the reset mode, the stop mode or the watch mode causes the A/D converter to stop and the ADMV bit to be
cleared to "0".
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m Setting Procedure Example

Below is an example of procedure for setting the 8/10-bit A/D converter:
o Initial settings
1.Set the input port (DDRO).
2.Set the interrupt level (ILR4).
3.Enable A/D input (ADC1:ANSO to ANS3).
4.Set the sampling time (ADC2:TIM1, TIMO).
5.Select the clock (ADC2:CKDIV1, CKDIVO).
6.Set A/D conversion precision (ADC2:AD8).
7.Select the operating mode (ADC2:EXT).
8.Select the start trigger (ADC2:ADCK).
9.Enable interrupts (ADC2:ADIE = 1).
10.Activate the A/D conversion function (ADC1:AD = 1).
o Interrupt processing
1.Clear the interrupt request flag to "0" (ADC1:ADI = 0).
2.Read converted values (ADDH, ADDL).
3.Activate the A/D conversion function (ADC1:AD = 1).

17.7 Notes on Using 8/10-bit A/D Converter

This section provides notes on using the 8/10-bit A/D converter.
m Notes on Using 8/10-bit A/D Converter
a Note on setting the 8/10-bit A/D converter with a program

o The contents of the ADDH and ADDL registers are retained until the end of A/D conversion. Therefore, during A/D
conversion, the values resulting from last conversion will be returned if the two registers are read.

a1 Do not change the analog input pin (ADC1:ANS3 to ANS0) while AD conversion function is being used. During contin-
uous activation in particular, disable continuous activation (ADC2: EXT = 0) before changing the analog input pin.

o The start of the reset mode, the stop mode or the watch mode causes the A/D converter to stop and the ADMV bit to
be cleared to "0".

a The CPU cannot return from interrupt processing if the interrupt request flag bit (ADC1:ADI) is "1" with interrupt
requests having been enabled (ADC2:ADIE = 1). Always clear the ADI bit in the interrupt service routine.

o Note on interrupt requests

If the restart of A/D conversion (ADC1:AD = 1) and the completion of A/D conversion occur simultaneously, the interrupt
request flag bit (ADC1:ADI) is set.

o A/D conversion error

As | Vcc - Vss | decreases, the A/D conversion error increases proportionately.

o 8/10-bit A/D converter analog input sequences
Apply the analog input (ANOO to AN05) and the digital power supply (Vc¢) simultaneously, or apply the analog input after
applying the digital power supply.
Disconnect the digital power supply (V¢c) at the same time as the analog input (ANOO to ANO5), or after disconnecting analog
input (ANOO to ANO5).

Ensure that the analog input voltage does not exceed the voltage of digital power supply when turning on or off the power of
the 8/10-bit A/D converter.

o Conversion time

The conversion speed of A/D conversion function is affected by clock mode, main clock oscillation frequency and main clock
speed switching (gear function).
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Example: Sampling time = CKIN x (ADC2: TIM1/TIMO setting)
Compare time = CKIN x 10 (fixed value) + MCLK
A/D converter startup time:  minimum = MCLK + MCLK
maximum =MCLK + CKIN

Conversion time = A/D converter startup time + sampling time + compare time

a The conversion time may have an error of up to (1 CKIN — 1 MCLK), depending on the time at which A/D conversion
starts.

a  When setting the A/D converter in software, ensure that the settings satisfy the specifications of "sampling time" and
"compare time" of the A/D converter mentioned in the data sheet of the MB95560H/570H/580H Series.

17.8 Sample Settings for 8/10-bit A/D Converter

This section describes the example of setting 8/10-bit A/D converter.
m  Example of Setting Methods
a  Method of selecting an operating clock for the 8/10-bit A/D converter

Use the clock select bits (ADC2:CKDIV1/CKDIVO0) to select an operating clock.
a Method of selecting the sampling time of the 8/10-bit A/D converter

Use the sampling time select bits (ADC2:TIM1/TIMO) to select sampling time.
o Method of selecting the method of activating the 8/10-bit A/D conversion function

Use the continuous activation enable bit (ADC2:EXT) to select an activation trigger.

A/D conversion activation . s .
Continuous activation enable bit (EXT)
source
To select the software trigger Set the bit to "0".
To select the input clock rising signal Set the bit to "1".

o Method of generating a software trigger
Use the A/D conversion start bit (ADC1:AD) to generate a software trigger.

Operation A/D conversion start bit (AD)

To generate a software trigger Set the bit to "1".

o Method of activating the A/D conversion function using the input clock
An activation trigger is generated at the rising edge of the input clock.

To select the input clock, use external start signal select bit (ADC2:ADCK).

Input clock External start signal select bit (ADCK)
Do not use any external start signal Set the bit to "0".
To select the 8/16-bit composite timer e waw
output pin (TO00) Set the bit to "1".
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o Method of selecting A/D conversion precision

Use the precision select bit (ADC2:AD8) to select the precision of conversion results.

Operating mode

Precision select bit (AD8)

To select 10-bit precision

Set the bit to "0".

To select 8-bit precision

Set the bit to "1".

o Method of using analog input pins

Use the analog input pin select bits (ADC1:ANS3 to ANSO) to select an analog input pin.

Operation

Analog input pin select bits (ANS3 to ANS0)

To use the ANOO pin

Set the bits to "0000g".

To use the ANO1 pin

Set the bits to "0001g".

To use the ANO2 pin

Set the bits to "0010g".

To use the ANO3 pin

Set the bits to "0011g".

To use the ANO4 pin

Set the bits to "0100g".

To use the ANO5 pin

Set the bits to "0101g".

o Method of checking the completion of conversion

There are two methods of checkin
o Checking with the interrupt

g whether conversion has been completed or not.
request flag bit (ADC1:ADI)

Interrupt request flag bit (ADI)

Meaning

The read value is "0".

No A/D conversion completion interrupt request

The read value is "1".

A/D conversion completion interrupt request made

a  Checking with the conversi

on flag bit (ADC1:ADMV)

Conversion flag bit (ADMV)

Meaning

The read value is "0".

A/D conversion completed (stopped)

The read value is "1".

A/D conversion in progress

o Interrupted-related register

Use the following interrupt level setting register to set the interrupt level.

Interrupt source

Interrupt level setting register Interrupt vector

8/10-bit AD converter

Interrupt level setting register (ILR4) #18
Address: 0007Dy Address: OFFD6

0 Method of enabling, disabli

MB95560H/570H/580H Series Ha

ng, and clearing interrupts
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Use the interrupt request enable bit (ADC2:ADIE) to enable interrupts.

Operation Interrupt request enable bit (ADIE)
To disable interrupt requests Set the bit to "0".
To enable interrupt requests Set the bit to "1".

Use the interrupt request bit (ADC1:ADI) to clear an interrupt request.

Operation Interrupt request bit (ADI)

To clear an interrupt request Set the bit to "0".
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This chapter describes the function and operation of the low-voltage detection reset circuit. (The low-voltage detection reset
circuit is only available on MB95F562K/F563K/F564K/F572K/F573K/F574K/F582K/F583K/F584K.)

18.10verview of Low-voltage Detection Reset Circuit
18.2Configuration of Low-voltage Detection Reset Circuit
18.3Pins of Low-voltage Detection Reset Circuit
18.4Register of Low-voltage Detection Reset Circuit

18.50peration of Low-voltage Detection Reset Circuit

18.1 Overview of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit monitors power supply voltage and generates a reset signal if the power supply voltage
drops below the low-voltage detection voltage level. The circuit is only available on MB95F562K/F563K/F564K/F572K/F573K/
F574K/F582K/F583K/F584K.

m Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit monitors power supply voltage and generates a reset signal if the power supply voltage
drops below the low-voltage detection voltage level.

The reset threshold voltage can be selected by the LVDR register.

At power-on, the lowest reset threshold voltage is selected in the LVDR register.

The circuit is only available on MB95F562K/F563K/F564K/F572K/F573K/F574K/F582K/F583K/F584K.
Refer to the data sheet of the MB95560H/570H/580H Series for details of the electrical characteristics.

18.2 Configuration of Low-voltage Detection Reset Circuit

Figure 18-1. is the block diagram of the low-voltage detection reset circuit.

325 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



Low-Voltage Detection Reset Circuit

Embedded in Tomorrow™

m Block Diagram of Low-voltage Detection Reset Circuit

Figure 18-1. Block Diagram of Low-voltage Detection Reset Circuit

Vece

I;I

RN

AAH
5AH
Reset signal
55H —
N-ch
+
Other | Vref |

values

[LvRs7|LVRs6|LVRS5|LVRS4|LVRS3[LVRS2|LVRS1[LVRSO|
LVD reset voltage selection ID register (LVDR)

18.3 Pins of Low-voltage Detection Reset Circuit

This section describes the pins of the low-voltage detection reset circuit.
m Pins of Low-voltage Detection Reset Circuit
a Vge pin

The low-voltage detection reset circuit monitors the voltage of this pin.
g Vggpin

This is the GND pin serving as the reference for voltage detection.
a RST pin

The low-voltage detection reset signal is output inside the microcontroller and to this pin.
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18.4 Register of Low-voltage Detection Reset Circuit

This section describes the register of low-voltage detection reset circuit.
m Register of Low-voltage Detection Reset Circuit

Figure 18-2. Register of Low-voltage Detection Reset Circuit

LVD Reset Voltage Selection ID Register (LVDR)

Addres  uit7  bite  bits  bit4  bit3 btz  bitt  bit0 Initial value

004Ey| LVRS7| LVRS6| LVRS5| LVRS4| LVRS3| LVRS2| LVRS1| LVRSO|  00000000g
RIW RIW RIW RIW RIW RIW RIW RIW

R/W:Readable/writable (The read value is the same as the write value.)

18.4.1 LVD Reset Voltage Selection ID Register (LVDR)

The LVD reset voltage selection ID register (LVDR) is used to select reset threshold voltages.
m LVD Reset Voltage Selection ID Register (LVDR)

Figure 18-3. LVD Reset Voltage Selection ID Register (LVDR)

Address bit7  bit6  bit5  bitd  bit3  bit2  bit1  bit0 Initial value
004y | LVRS7| LVRS6| LVRS5| LVRS4| LVRS3| LVRS2| LVRST| LVRSO|  00000000g
RW RW RW RW RW RW RW RW

R/W:Readable/writable (The read value is the same as the write value.)

The LVD reset voltage selection ID register (LVDR) is used to select reset threshold voltages.

Reset threshold voltage
VDR LR VEl R (] Release voltage (typical value)
value)
01010101 2.7V 28V
01011010g 3V 3.1V
10101010g 3.2V 33V
Other values 26V 27V

Table 0.0-1 Functions of Bits in LVD Reset Voltage Selection ID Register (LVDR)

Bit name Function
. LVRS7 to LVRSO: . . . . . .
bit7 to The LVDR register is used to select reset threshold voltages by inputting the 8-bit code. It is
bit0 LVD reset VOltage cleared when a power-on reset occurs.
select bits
Note:

The reset of the low-voltage detection reset circuit has no effect on the reset threshold voltage settings as the reset cannot

clear this register.
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18.5 Operation of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit generates a reset signal if the power supply voltage falls below the detection voltage.
m Reset Threshold Voltage

In the case of changing the reset threshold voltage in the LVDR register, the new threshold voltage will not take effect until the
LVD threshold voltage transition stabilization time (igy,) elapses. For details of ty,, refer to the data sheet of MB95560H/570H/
580H Series.

m Operation of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit generates a reset signal if the power supply voltage falls below the low-voltage detec-
tion voltage. Afterward, if the low-voltage detection reset circuit detects the low-voltage detection reset release voltage, it out-
puts a reset signal lasting for the oscillation stabilization wait time and then releases the reset.

For details of the electrical characteristics, refer to the data sheet of the MB95560H/570H/580H Series.

Figure 18-4. Operation of Low-voltage Detection Reset Circuit

Vce

Detection voltage/
reset release voltage

Operating voltage
lower limit

Reset signal

/ :~B»
e e

A: Delay
B: Oscillation stabilization wait time

m Operation in Standby Mode

The low-voltage detection reset circuit keeps operating even in standby mode (stop mode, sleep mode, subclock mode and
watch mode).
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This chapter describes the functions and operations of the clock supervisor counter.
19.10verview of Clock Supervisor Counter

19.2Configuration of Clock Supervisor Counter

19.3Registers of Clock Supervisor Counter

19.40perations of Clock Supervisor Counter

19.5Notes on Using Clock Supervisor Counter

19.1 Overview of Clock Supervisor Counter

The clock supervisor counter checks the external clock frequency to detect the abnormal state of the external clock.
m Overview of Clock Supervisor Counter

The clock supervisor counter checks the external clock frequency to detect the abnormal state of the external clock.

The clock supervisor counter automatically counts up the counter based on the external clock input within the time-base timer
interval time selected from eight options.

The main oscillation clock or the sub-oscillation clock can be selected as the count clock of this module.
Note:

The clock supervisor counter must operate in main CR clock mode with the hardware watchdog timer (running in standby
mode).

Otherwise, it cannot detect the abnormal state of the external clock correctly and will hang up if the external clock stops.

See "11. Hardware/Software Watchdog Timer" for the hardware watchdog timer (running in standby mode).

19.2 Configuration of Clock Supervisor Counter

The clock supervisor counter consists of the following blocks:
m Control circuit

Clock Monitoring Control Register (CMCR)

Clock Monitoring Data Register (CMDR)

Time-base timer output selector

Counter source clock selector
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m Block Diagram of Clock Supervisor Counter
Figure 19-1. is the block diagram of the clock supervisor counter.

Figure 19-1. Block Diagram of Clock Supervisor Counter

Edge detection

I

Time-base timer output

Selector
A 8-bit Counter

Main oscillation clock —————counter . _

Source 1st: counting starts

Clock 2nd: counting stops
Sub-oscillation clock ————{Selector

v CLK
Control Circuit

Counter enabled

1z

Clock Monitoring Control Register (CMCR) Clock Monitoring Data Register (CMDR)

1 U

Internal Bus

o Control circuit

This block controls the start and stop of the counter, the counter clock source, and the counter enable period based on the
settings of the clock monitoring control register (CMCR).

a Clock Monitoring Control Register (CMCR)
This register is used to select a counter source clock, select a counter enable period from eight different time-base timer inter-
vals, start the counter and check whether the counter is operating or not.

a Clock Monitoring Data Register (CMDR)
This register block is used to read the counter value after the counter stops. The software determines whether the external
clock frequency is correct or not according to the contents of this register.

o Time-base timer interval selector

This block is used to select the counter enable period from eight different time-base timer intervals.
a Counter source clock selector

This block is used to select the counter source clock from the main oscillation clock and the sub-oscillation clock.
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19.3 Registers of Clock Supervisor Counter
This section describes the registers of the clock supervisor counter.

m Registers of Clock Supervisor Counter

Figure 19-2. shows the registers of the clock supervisor counter.

Figure 19-2. Clock Supervisor Counter Registers

— # CYPRESS
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Clock monitoring data register (CMDR)
Address bit7 bité bits bit4 bit3 bit2 bit1 bit0

OFEAH |CMDR7 |CMDR6 |CMDR5 |CMDR4 CMDR3 [CMDR2 |CMDR1 CMDRO

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX

Clock monitoring control register (CMCR)

Address  bit7 bit6 bit5 bitd bit3 bit2 bit1 bit0
OFE9y [ [ [Reserved [CMCSEL [TBTSEL2 [TBTSEL1 [TBTSELO |CMCEN
ROWX ~ ROWX RWO  RW RIW RIW RIW RIW

R/W:Readable/writable (The read value is the same as the write value.)

R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)
R/WO0:The write value is "0"; the read value is the same as the write value.

RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.
-:Undefined bit

Initial value
00000000g

Initial value
000000005

19.3.1  Clock Monitoring Data Register (CMDR)

The clock monitoring data register (CMDR) is used to read the count value after the clock supervisor counter stops. The soft-
ware determines whether the external clock frequency is correct or not according to the content of this register.

m Clock Monitoring Data Register (CMDR)
Figure 19-3. Clock Monitoring Data Register (CMDR)

Address bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

Initial value

OFEAy  |CMDR7 [CMDR6 |CMDR5 |CMDR4 [CMDR3 |CMDR2 |CMDR1  [CMDRO

00000000

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX

R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)

The clock monitoring data register (CMDR) is used to read the counter value after the clock supervisor counter stops.

o The counter value can be read from this clock monitoring data register (CMDR). The software determines whether the
external clock frequency is correct or not according to the counter value read and the time-base timer interval

selected.

Table 19-1. Functions of Bits in Clock Monitoring Data Register (CMDR)

Bit name Function

counter stops.

This register is cleared if one of the following events occurs:
bit7 to Reset

bito | CMDR7 to CMDRO The CMCEN bit is modified from "0" to "1" by the software.

detected twice (See Figure 19-12.).

The CMDR register is a data register indicating the clock supervisor counter value after the

The CMCEN bit is modified from "1" to "0" by the software while the counter is running.
After the external clock stops, the falling edge of the selected time-base timer clock is
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Note:

This register is "0" as long as the counter is operating (CMCEN = 1).

19.3.2  Clock Monitoring Control Register (CMCR)

The clock monitoring control register (CMCR) is used to select the counter source clock, select a time-base timer interval as
the counter enable period, start the counter and check whether the counter is running or not.

m Clock Monitoring Control Register (CMCR)
Figure 19-4. Clock Monitoring Control Register (CMCR)

Address  bit7 bit6 bits bit4 bit3 bit2 bit1 bito Initial value
OFE9H| - | - | Reserved | CMCSEL | TBTSEL2 | TBTSEL1 | TBTSELO | CMCEN |000000008
RO/WX  RO/WX R/WO R/W R/W R/W R/W R/W

I—» CMCEN Counter enable bit

0 Disables the counter.
1 Enables the counter.
= TBTSEL2 | TBTSEL1 | TBTSELO Time-base timer counter output select bits
0 0 0 23 x 1/FCRH
0 0 1 25 x 1/FCcRH
0 1 0 27 x 1/FcRH
0 1 1 29 x 1/FCRH
1 0 0 211 % 1/FCRH
1 0 1 213 x 1/FcRH
1 1 0 215 x 1/FcRH
1 1 1 217 x 1/FCRH
- CMCSEL Counter clock select bit
0 Main oscillation clock
1 Sub-oscillation clock
- Reserved Reserved bit
0 Always set this bit to “0”.

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

R/W . Readable/writable (The read value is the same as the write value.)
R/WO : The write value is “0”. The read value is the same as the write value.
RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.
- : Undefined bit
: Initial value
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Table 19-2. Functions of Bits in Clock Monitoring Control Register (CMCR)

Bit name Function
tt))lft:s Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
bit5 | Reserved bit Always set this bit to "0".
CMCSEL: This bit selects the counter clock source.
bit4 | Counter clock Writing "0":Selects the external main oscillation clock as the source clock of the counter.
select bit Writing "1":Selects the external sub-oscillation clock as the source clock of the counter.
These bits select the time-base timer interval.
The operation of the clock supervisor counter is enabled and disabled at specific times
according to the time-base timer counter output selected by these bits.
The first rising edge of the interval selected enables the counter operation and the second ris-
ing edge of the same output disables the counter operation.
TBTSEL2 | TBTSEL1 | TBTSELO Time-base timer cbcztjsnter output select
0 0 0 23 x 1/Fcry
TBTSEL2, TBTSELA1, s
bit3to | TBTSELO: 0 0 1 2° x 1/FcrH
bit1 | Time-base timer coun- 7
ter output select bits 0 1 0 2" x 1Fcru
0 1 1 29 x 1/Fcru
1 0 0 2" % 1/Fcry
1 0 1 213 X 1/FCRH
1 1 0 25 % 1/Fcru
1 1 1 217 % 1/Fcru
This bit enables and disables the clock supervisor counter.
Writing "0":Stops the counter and clears the CMDR register to "0".
bit0 CMCEN: Writing "1":Enables the counter. The counter starts counting when detecting the rising edge
Counter enable bit of the time-base timer interval. It stops counting when detecting the second rising edge of the
same interval.
This bit is automatically set to "0" when the counter stops.
Notes:

m Do not modify the CMCSEL bit when CMCEN = 1.
m Do not modify the TBTSEL[2:0] bits when CMCEN = 1.

19.4 Operations of Clock Supervisor Counter

This section describes the operations of the clock supervisor counter.

m Clock Supervisor Counter

a Clock Supervisor Counter Operation 1

The clock supervisor counter is first enabled by the software (CMCEN = 1), and then the clock supervisor counter operates
with the time-base timer interval selected from eight options by the TBTSEL[2:0] bits. Between two rising edges of the time-

base timer interval selected, the internal counter is clocked by the external clock.

The count clock of this module can be selected from the main oscillation clock and the sub-oscillation clock.

333
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timer interval

Figure 19-5. Clock Supervisor Counter Operation 1
Selected time-base

Main/Sub-oscillation clock "

CMCEN

Internal counter

X 30

CMDR register

a  Clock Supervisor Counter Operation 2
The CMDR register is cleared when the CMCEN bit changes from "0" to "1".

timer interval

Figure 19-6. Clock Supervisor Counter Operation 2
Selected time-base

st AR
I

Main/Sub-oscillation clock "
CMCEN
4 Clear
CMDR register 0 | 10 | 0 | 10
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a3 Clock Supervisor Counter Operation 3

The counter stops counting if it reaches "255". It cannot count further than "255".

==# CYPRESS

Embedded in Tomorrow

timer interval

Figure 19-7. Clock Supervisor Counter Operation 3
Selected time-base

Main/Sub-oscillation clock "

CMCEN

255

JXROOOXNNRK

Internal counter

255

CMDR register

a Clock Supervisor Counter Operation 4

If the external clock selected stops, the counter stops counting. According to this counter stop, the software identifies that the

external clock selected is in the abnormal state.
Figure 19-8. Clock Supervisor Counter Operation 4
Selected time-base _I—I—I—I—I—I—
timer interval

Main/Sub-oscillation clock "
cMCEN |

Internal counter 0

CMDR register 0

o Clock Supervisor Counter Operation 5

The counter is cleared to "0" by the software if the CMCEN is set to "0" while the counter is operating.

timer interval

Main/Sub-oscillation clock

Figure 19-9. Clock Supervisor Counter Operation 5
Selected time-base

’/ Software setting

CMCEN

JAHOORNXNNARK 0

Internal counter

0

CMDR register
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m Table of Time-base Timer Intervals & Clock Supervisor Counter Values

Clock Supervisor Counter

Table 19-3. shows time-base timer intervals suitable for using different main CR clock frequencies to measure different exter-

nal clocks.

Table 19-3. Table of Counter Values in Relation to TBTSEL Settings

: Recommended setting

- : The counter value becomes "0" or "255".

Table 19-3. is calculated by the following equation:

Main/ TBTSEL2 to TBTSELO
'Vg;n cSusli;l Main |Measur|__"000" 001" "010" 011" 100" "101" 110" 111"
(FcRrH) os?illlatio CR | ement
[MHz] n error | error | 53, 4/Fcru) | (2°x1/FcrH) | (27x1/FcrH) | (2%x1/Fcru) | (2Mx1/Fcru) | (213x1/Fcru) | (21%x1/Fcru) | (217x1/FcrH)
[MHz]
+2% |-1 7 31 130
0.03277 2% 1 137
+2% |-1
0.5 2% |+
1 +2% |-1
-2% |+1
4 +2% |-1
4 2% |+1
6 +2% |-1
2% |+1
10 +2% |-1 8 38
-2% |+1 11 41
20 +2% |-1 18 77
2% |+1 21 82
+2% |-1 30 126
325 2% |+1 34 133

2° x 1/F ¢, (TBTSEL=000)
2° x 1/F¢ay(TBTSEL=001)
2; % 1/Fomu(TBTSEL=010)
2, ¥ 1/Feqy(TBTSEL=011) 4 Main/Sub-Oscillation Clock Frequency
2'" X 1/Fgy(TBTSEL=100)
2" X 1/Fomu(TBTSEL=101)
2" X 1/Fomy(TBTSEL=110)
2" % 1/Fomy(TBTSEL=111)

Counter value = + 1 (Measurement error)
2

*Omit the decimal places of “Counter value”.

Selected time-base 4|—|—|7
timer interval
< >

Within this period, the “Counter value” in the above equation is
counted by the main/sub oscillation clock.
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If the time-base timer interrupt is used to make the clock supervisor counter wait for the oscillation stabilization time, please
satisfy the following condition:

Time-base Timer Interval > Main/Sub-oscillation Stabilization Time x 1.05

e.g. Fcy = 10 MHz, Fery = 4 MHz, MWT[3:0] = 1111 (in WATR register)

14

2 -2
6

10 x 10

Time-base Timer Interval > x 1.05 ~ 1.72 ms

TBC[3:0] = 0110 (2" x 1/Fcrp)
Notes:
See "10.1 Overview of Time-base Timer" for time-base timer interval settings.

See "6.5 Oscillation Stabilization Wait Time Setting Register (WATR)" for main/sub-oscillation stabilization time settings.
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m  Sample Operation Flow Chart of Clock Supervisor

Figure 19-10. Sample Operation Flow Chart of Clock Supervisor

Clock supervision starts

<

NO

Oscillation stabilization
wait time elapses

In main CR clock mode, wait for the elapse of the
specified main clock/subclock oscillation stabilization
wait time by using the time-base timer interrupt or
other methods.

Read the main clock /
subclock oscillation
stabilization bit*

Set CMCSEL,
TBTSEL[2:0]
and CMCEN

<
<

) 4

Read CMCEN

CMDR value =
estimate ?

v A
Change target external clock Keep main CR clock mode Keep main CR clock mode

(Normal oscillation) (The external clock is (If the oscillation stabilization wait

oscillating at an abnormal time has elapsed but the main

frequency.) clock/subclock oscillation stabili-

zation bit* is not set to “1”, that
means the external clock is dead
or the external clock frequency is

*: Main clock oscillation stabilization bit — SYCC2:MRDY abnormal.)

Subclock oscillation stabilization bit — SYCC2:SRDY
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Notes on Using Clock Supervisor Counter

This section provides notes on using the clock supervisor counter.

m  Notes on Using Clock Supervisor Counter

a
a

Restrictions

The clock supervisor counter must operate in main CR clock mode with the hardware watchdog timer (running in
standby mode). Otherwise, it cannot detect the abnormal state of the external clock correctly and will hang up if the
external clock stops. See "11. Hardware/Software Watchdog Timer" for the hardware watchdog timer (running in
standby mode).

Use main CR clock mode only. Do not use any other clock mode.

If the time-base timer stops, the internal counter stops working. Do not clear the time-base timer while the clock super-
visor counter is counting with the external clock.

Select a time-base timer interval that is sufficiently long for the clock supervisor counter to operate. See Table 19-3. for
time-base timer intervals.

Read the CMDR register when CMCEN = 0. (The value of CMDR remains "0" while the clock supervisor counter is
operating (CMCEN = 1).)

When using the clock supervisor counter, ensure that the machine clock cycle is shorter than half the time-base timer
interval selected. If the machine clock cycle is longer than half the time-base timer interval selected, CMCEN may
remain "1" even after the clock supervisor counter stops.

Table 19-4. below shows the appropriate clock gear setting for each TBTSEL setting.

Table 19-4. Appropriate Clock Gear Setting for Respective TBTSEL Settings

TBTSEL2 to TBTSELO
DIV (clock gear setting) 000g 001g 010g to 111
23 x 1/Fcry 25 x 1/Fcru 27 x 1IFcgy to 217 x 1/Fcgy
00 (1 x 1/Fcrp) m m m
01 (4 x 1/Fcrp) X m m
10 (8 x 1/FcRrp) X m m
11 (16 x 1/Fcrp) x x m

O: Recommended

x: Prohibited
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o If the external clock stops while the clock supervisor counter is operating, and it restarts after the second rising edge of

the time-base timer interval selected, CMCEN is set to "0" after the external clock restarts.

Figure 19-11. Clock Supervisor Counter Operation 1

Selected time-base
timer interval

vainssub-oscitaton cook NI

B R O I S N

CMCEN

0 XXX 5

Internal counter

CMDR register 0

a  With the clock supervisor counter running, if the external clock stops, CMCEN is set to "0" when a falling edge of the
time-base timer interval selected is detected after the second rising edge of the same interval. The counter is cleared

at the same falling edge.

Figure 19-12. Clock Supervisor Counter Operation 2

Selected time-base
timer interval

B N P N S

Main/Sub-oscillation clock

]

CMCEN

OWORO :

Internal counter 0

CMDR register
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This chapter describes the function and operations of the 64/96/160 Kbit Dual operation Flash memory.
20.10verview of Dual Operation Flash Memory

20.2Sector/Bank Configuration of Flash Memory

20.3Registers for Flash Memory

20.4Invoking Flash Memory Automatic Algorithm

20.5Checking Automatic Algorithm Execution Status

20.6Programming/Erasing Flash Memory

20.70perations of Dual Operation Flash Memory

20.8Flash Security

20.9Notes on Using Dual Operation Flash Memory

20.1 Overview of Dual Operation Flash Memory

The dual operation Flash memory is located at BOOOy to BFFFy and at FOO0 to FFFFy for 64 Kbit Flash memory, at BOOOy
to BFFFy and at EO00y to FFFF for 96 Kbit Flash memory, or at BOOOy to FFFFy for 160 Kbit Flash memory on the CPU
memory map.

The dual operation Flash memory consists of an upper bank and a lower bank*. Unlike conventional Flash products, program-
ming/erasing data to/from one bank and reading data from another bank can be executed simultaneously.

*: MB95F564H/F564K/F574H/F574K/F584H/F584K:
upper bank: 16 Kbyte x 1; lower bank: 2 Kbyte x 2
MB95F563H/F563K/F573H/F573K/F583H/F583K:
upper bank: 8 Kbyte x 1; lower bank: 2 Kbyte x 2
MB95F562H/F562K/F572H/F572K/F582H/F582K:
upper bank: 4 Kbyte x 1; lower bank: 2 Kbyte x 2

m  Overview of Dual Operation Flash Memory

The following methods can be used to write data into and erase data from the Flash memory:

o Programming/erasing using a dedicated serial programmer

o Programming/erasing by program execution
Since data can be written into and erased from the Dual operation Flash memory by instructions from the CPU via the Flash
memory interface circuit, program code and data can be efficiently updated with the device mounted on a circuit board. The

minimum sector size of the dual operation Flash is 2 Kbyte, which is a sector configuration facilitating the management of the
program/data area.

Data can be updated by executing a program in RAM or by executing a program in the Flash memory in dual operation. The
erase/program operation and the read operation can be executed in different banks (upper bank/lower bank) simultaneously.
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The dual operation Flash can use the following combinations:

Upper bank Lower bank
Read
Read Program/sector erase

Program/sector erase Read

Chip erase

Sector erase (erase suspend) Program

Program Sector erase (erase suspend)

m Features of Dual Operation Flash Memory
a  Sector configuration
- 8 Kbyte (4 Kbyte + 2 Kbyte " 2)
- 12 Kbyte (8 Kbyte + 2 Kbyte “ 2)
- 20 Kbyte (16 Kbyte + 2 Kbyte “ 2)
Two-bank configuration, enabling simultaneous execution of a program/erase operation and a read operation
Automatic program algorithm (Embedded Algorithm)
Erase-suspend/erase-resume functions integrated
Detecting the completion of programming/erasing using the data polling flag or the toggle bit
Detecting the completion of programming/erasing by CPU interrupts
Capable of erasing data in specific sectors (any combination of sectors)
Compatible with JEDEC standard commands

L L L L s |

Program/erase: 100000 times
a Flash read cycle time (minimum): 1 machine cycle
m  Writing and Erasing Flash Memory
o Programming data to and reading data from the same bank of the Flash memory cannot be executed simultaneously.

o To program data to or erase data from a bank in the Flash memory, copy the program for programming/erasing either
to another bank or to the RAM first, and then execute the program.

o The dual operation Flash memory enables programming in the Flash memory and controlling programming by using
interrupts. In addition, it is not necessary to download a program to RAM in order to program data to a bank, thereby
reducing the time of program download and eliminating the need to protecting RAM data against power interruption.

20.2 Sector/Bank Configuration of Flash Memory
This section shows the sector/bank configuration of the Flash memory.
m Sector/Bank Configuration of Dual Operation Flash Memory

Figure 20-1. shows the sector configuration of the Dual operation Flash memory. The upper and lower addresses of each sec-
tor are shown in the figure.

a  Bank configuration

The lower bank of the Flash memory is SA0 and SA1 and the upper bank SA2.
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Figure 20-1. Sector/Bank Configuration of Dual Operation Flash Memory
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Flash memory Flash memory Flash memory
CPU address
(8 Kbyte) (12 Kbyte) (20 Kbyte)
BO0O0y
SAO: 2 Kbyte SAO0: 2 Kbyte SAO: 2 Kbyte B7EE A
A Lower bank
B800y
SA1: 2 Kbyte SA1: 2 Kbyte SA1: 2 Kbyte
BFFFy
C000y
v
A
DFFFy
SA2: 16 Kbyte E000;, Upper bank
SA2: 8 Kb EFPP
: t
vie F000,,
SA2: 4 Kbyte
FFFFH
v

20.3

Registers for Flash Memory

This section shows the registers for the Flash memory.

343
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m Registers for Flash Memory

Figure 20-2. Registers for Flash Memory

Flash memory status register 2 (FSR2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0071y |PEEEN  |[PGMEND |PTIEN  |PGMTO |EEIEN  |[ERSEND |ETIEN  [ERSTO (00000000
RIW R(RM1)W R/W RRMT)W R/W R(RM1)W R/W R(RM1),W

Flash memory status register (FSR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0072y - - [RDYIRQ |RDY [Reserved [IRQEN  |WRE SSEN  [000X0000g
ROUWX — ROWX  R(RMI),W RWX RO RIW RIW RIW

Flash memory sector write control register 0 (SWREO)

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
0073K Reserved |Reserved |Reserved |Reserved |Reserved SA2E SA1E SAOE 00000000g
R/WO R/WO R/WO0 R/WO0 R/WO0 R/W R/W R/W

Flash memory status register 3 (FSR3)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0074 - |- - [cERs  [Esps  [sERs  [PGMS  [HANG  [000XXXXXg

RO/WX RO/WX RO/WX R/WX R/WX R/WX R/WX R/WX

Flash memory status register 4 (FSR4)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0075y - |CEREND |CTIEN  [CERTO |- |- - - 00000000g
ROWX — R(RM1),W R/W R(RM1),W ROWX — ROWX — ROWX  RO/WX

R/W:Readable/writable (The read value is the same as the write value.)

R(RM1),W:Readable/writable (The read value is different from the write value. "1" is read by the read-modify-write (RMW)
type of instruction.)

R/WX:Read only (Readable. Writing a value to this bit has no effect on operation.)

R/WO0:The write value is "0"; the read value is the same as the write value.

RO/WX:The read value is always "0". Writing a value to this bit has no effect on operation.

-:Undefined bit

X:Indeterminate

20.3.1 Flash Memory Status Register 2 (FSR2)
Figure 20-3. shows the bit configuration of the Flash memory status register 2 (FSR2).
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m Flash Memory Status Register 2 (FSR2)
Figure 20-3. Flash Memory Status Register 2 (FSR2)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0071H| PEIEN | PGMEND | PTIEN | PGMTO | EEIEN | ERSEND | ETIEN | ERSTO |000000008
R/W R(RM1),wW R/W R(RM1),W R/W R(RM1),W R/W R(RM1),wW
ERSTO ERSTO interrupt request flag bit :
Read Write
0 Sector erase is in progress. Clears this bit.
1 Sector erase has failed. No effect on operation.
= ETIEN ERSTO interrupt enable bit
0 Disables the interrupt upon failure of sector erase (ERSTO).
1 Enables the interrupt upon failure of sector erase (ERSTO).
| ERSEND ERSEND interrupt request flag bit :
Read Write
0 Sector erase is in progress. Clears this bit.
1 Sector erase has been completed. No effect on operation.
= EEIEN ERSEND interrupt enable bit
0 Disables the interrupt upon completion of sector erase (ERSEND).
1 Enables the interrupt upon completion of sector erase (ERSEND).
‘ PGMTO interrupt request flag bit
> PGMTO Read Write
0 Program is in progress. Clears this bit.
1 Program has failed. No effect on operation.
- PTIEN PGMTO interrupt enable bit
0 Disables the interrupt upon failure of program (PGMTO).
1 Enables the interrupt upon failure of program (PGMTO).
. PGMEND interrupt request flag bit
| PGMEND Read Write
0 Program is in progress. Clears this bit.
1 Program has been completed. No effect on operation.
- PEIEN PGMEND interrupt enable bit
0 Disables the interrupt upon completion of programming (PGMEND).
1 Enables the interrupt upon completion of programming (PGMEND).
R/W : Readable/Writable (The read value is the same as the write value.)
R(RM1),W : Readable/Writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)
: Initial value
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Table 20-1. Functions of Flash Memory Status Register 2 (FSR2) (Sheet 1 of 2)

Bit name Function
This bit enables or disables the generation of interrupt requests triggered by the completion of
. Flash memory programming.
PEIEN: i o ; i
bit7 PGMEND interruot Writing "0":Prevents an interrupt request from occurring even when Flash memory program-
- p ming is completed (FSR2:PGMEND = 1).
enable bit ot wam ) N
Writing "1":Causes an interrupt request to occur when Flash memory programming is com-
pleted (FSR2:PGMEND = 1).
This bit indicates the completion of Flash memory programming.
With Flash memory programming completed, the PGMEND bit is set to "1" upon completion
of the Flash memory automatic algorithm.
An interrupt request occurs when the PGMEND bit is set to "1", provided that generating an
interrupt request upon completion of Flash memory programming has been enabled
. PGMEND: (FSR2:PEIEN = 1).
bit6 | PGMEND interrupt When the PGMEND bit is set to "0" after Flash memory programming is completed, further
request flag bit Flash memory programming is disabled.
When Flash memory programming fails (FSR3:HANG = 1), the PGMEND bit is cleared to "0".
Writing "0":Clears this bit.
Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
This bit enables or disables the generation of interrupt requests triggered by the failure of
. Flash memory programming.
PTIEN: e . ) )
bit5 PGMTO interrunt Writing "0":Prevents an interrupt request from occurring even when Flash memory program-
enable bit P ming fails (FSR2:PGMTO = 1).
Writing "1":Causes an interrupt request to occur when Flash memory programming fails
(FSR2:PGMTO = 1).
This bit indicates that Flash memory programming has failed.
The PGMTO bit is set to "1" upon failure of the Flash memory automatic algorithm when
Flash memory programming fails.
An interrupt request occurs when the PGMTO bit is set to "1", provided that generating an
PGMTO: interrupt request upon failure of Flash memory programming has been enabled (FSR2:PTIEN
bit4 | PGMTO interrupt =1). N , ,
request flag bit When the PGMTO _b|t is se_t to "1" after Flash memory programming has failed, further Flash
memory programming is disabled.
Writing "0":Clears this bit.
Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
This bit enables or disables the generation of interrupt requests triggered by the completion of
. Flash memory sector erase.
EEIEN: I ) .
bit3 ERSEND interrunt Writing "0":Prevents an interrupt request from occurring even when Flash memory sector
- p erase is completed (FSR2:ERSEND = 1).
enable bit e mam . .
Writing "1":Causes an interrupt request to occur when Flash memory sector erase is com-
pleted (FSR2:ERSEND = 1).
This bit indicates the completion of Flash memory sector erase.
With Flash memory sector erase completed, the ERSEND bit is set to "1" upon completion of
the Flash memory automatic algorithm.
An interrupt request occurs when the ERSEND bit is set to "1", provided that generating an
) interrupt request upon completion of Flash memory sector erase has been enabled
_ ERSEND: (FSR2:EEIEN = 1).
bit2 | ERSEND interrupt When the ERSEND bit is set to "0" after Flash memory sector erase is completed, further
request flag bit Flash memory sector erase is disabled.
When Flash memory sector erase fails (FSR3:HANG = 1), the ERSEND bit is cleared to "0".
Writing "0":Clears this bit.
Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
This bit enables or disables the generation of interrupt requests triggered by the failure of
. Flash memory sector erase.
ETIEN: P ) .
bit1 ERSTO interrupt Writing "0":Prevents an interrupt request from occurring even when Flash memory sector
enable bit P erase fails (FSR2:ERSTO = 1).

Writing "1":Causes an interrupt request to occur when Flash memory sector erase fails
(FSR2:ERSTO = 1).
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Table 20-1. Functions of Flash Memory Status Register 2 (FSR2) (Sheet 2 of 2)

Bit name Function

This bit indicates that Flash memory sector erase has failed.

The ERSTO bit is set to "1" upon failure of the Flash memory automatic algorithm when Flash
memory sector erase fails.
An interrupt request occurs when the ERSTO bit is set to "1", provided that generating an

ERSTO: interrupt request upon failure of Flash memory sector erase has been enabled (FSR2:ETIEN
bit0 [ ERSTO interrupt =1). - )
request flag bit When the ERSTO bit is set to "1" after Flash memory sector erase has failed, further Flash

memory sector erase is disabled.

Writing "0":Clears this bit.

Writing "1":Has no effect on operation.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

20.3.2  Flash Memory Status Register (FSR)

Figure 20-4. shows the bit configuration of the Flash memory status register (FSR).
m Flash Memory Status Register (FSR)

Figure 20-4. Flash Memory Status Register (FSR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0072H | - [ - [ rRDYIRQ | RDY Reserved | IRQEN |  WRE SSEN | 000X00008
RO/WX RO/WX  R(RM1),W  R/WX R/WO R/W R/W R/W

S

L» SSEN Sector swap enable bit

SA1 and 2 KByte address area of SA2 are mapped to addresses
B800H-BFFFH and F800H-FFFFH respectively.

2 Kbyte address area of SA2, and SA1 are mapped to addresses
B800H-BFFFH and F800H-FFFFH respectively.

- WRE Flash memory program/erase enable bit
[0} Disables Flash memory area program/erase.
1 Enables Flash memory area program/erase.
o IRQEN Flash memory program/erase interrupt enable bit

(o) Disables generating an interrupt upon completion of program/erase.
Enables generating an interrupt upon completion of program/erase.

L— [ Reserved | Reserved bit |
o | Always set this bit to “0”. |
| RDY Flash memory program/erase status bit
[¢) Data is being programmed/erased (not ready to program/erase next data).
1 Data has been programmed/erased (ready to program/erase next data).

Flash memory operation flag bit

= RDYIRQ

Read Write
[0} Program/erase is in progress. Clears this bit.
1 Program/erase has been completed. No effect on operation.
e | Undefined bit |

I The read value is always “0”. Writing a value to this bit has no effect on operation. ‘

| Undefined bit |
I The read value is always “0”. Writing a value to this bit has no effect on operation. ‘

R/W : Readable/writable (The read value is the same as the write value.)
R(RM1),W : Readable/writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
R/WoO : The write value is “0”. The read value is the same as the write value.

RO/WX : The read value is always “0”. Writing a value to this bit has no effect on operation.
- : Undefined bit

X : Indeterminate

. Initial value
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Table 20-2. Functions of Flash Memory Status Register (FSR)

Bit name

Function

bit7,
bité

Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

bits

RDYIRQ:

Flash memory opera-
tion flag bit

This bit shows the operating state of the Flash memory.

After the Flash memory program/erase is completed, the RDYIRQ bit is set to "1" at the point
when the automatic algorithm of the Flash memory ends.

With the interrupt triggered by the completion of Flash memory program/erase having been
enabled (FSR:IRQEN = 1), if the RDYIRQ bit is set to "1", an interrupt request occurs.

After Flash memory program/erase is completed, if the RDYIRQ bit is set to "0", further Flash
memory program/erase is disabled.

Writing "0":Clears this bit.
Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit4

RDY:

Flash memory program/
erase status bit

This bit shows the program/erase status of the Flash memory.

When the RDY bit is "0", programming data into and erasing data from the Flash memory are
disabled.

The read/reset command can still be accepted when the RDY bit is "0". When programming
or erasing ends, the RDY bit is set to "1".

After a program/erase command is issued, there is a delay of two machine clock (MCLK)
cycles before the RDY bit becomes "0". After the issue of a program/erase command, wait for
those two machine clock cycles to elapse (e.g. inserting NOP twice) before reading this bit.

bit3

Reserved bit

Always set this bit to "0".

bit2

IRQEN:
Flash memory program/

erase interrupt enable
bit

This bit enables or disables the generation of interrupt requests triggered by the completion of
Flash memory program/erase.

Writing "0":Prevents an interrupt request from occurring even when the flash memory opera-
tion flag bit (FSR:RDYIRQ) is set to "1".

Writing "1":Causes an interrupt request to occur when the flash memory operation flag bit
(FSR:RDYIRQ) is set to "1".

bit1

WRE:

Flash memory program/
erase enable bit

This bit enables or disables the programming/erasing of data into/from the Flash memory
area.

Set the WRE bit before invoking a Flash memory program/erase command.

Writing "0":Prevents program/erase signals from being generated even when a program/
erase command is input.

Writing "1":Enables Flash memory program/erase to be executed after a program/erase
command is input.

When not programming data into or erasing data from the Flash memory, set the WRE bit to
"0" in order to prevent data from being accidentally written into or erased from the Flash mem-
ory.

To program data to the Flash memory, set FSR:WRE to "1" to enable programming data to
the Flash memory, and set the flash memory sector write control register 0 (SWREO) accord-
ing to the Flash memory sector into which data is to be written. When Flash memory program-
ming is disabled (FSR:WRE = 0), no write access to a sector in the Flash memory can be
executed even though it has been enabled by setting a bit corresponding to that sector in the
Flash memory sector write control register 0 (SWREDO) to "1".

bit0

SSEN:
Sector swap enable bit

This bit is used to swap the 2 Kbyte address area of SA2 in the upper bank, which contains
an interrupt vector, for SA1 in the lower bank in dual operation.

Writing "0":Maps SA1 to B800,-BFFFy, and the 2 Kbyte address area of SA2 to F800-
FFFF4.

Writing "1":Maps the 2 Kbyte address area of SA2 to B800,-BFFF, and SA1 to F800y-
FFFFy.
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Figure 20.0-1 Access Sector Map by FSR:SSEN Value

MB95F562H/F562K/F572H/ MB95F563H/F563K/F573H/
F572K/F582H/F582K F573K/F583H/F583K
CPU address CPU address
Z Bo0OH o BO0OH
E B7rry | SAO:2 Kbyte SAO: 2 Kbyte E B7EEy | SAO:2 Kbyte SAO: 2 Kbyte
g B8OOH ) ) g B8OOH _ _
E BErR | SAT:2Kbyte * 4| sA2:2kbyte | J3 Berr. | SAT:2Kbyte * f SA2: 2 Kbyte
COO0O0H \ I CO00H \ I
(B (B
(| (.
] Vo
V1 VI
] v
N DFFFH N
N E000H N
I . I
EFFFH | \ § . | \ SA2: 6 Kbyte
5 SA2: 8 Kbyte
® FOOOH IV oo o kove | |2 I
5 F7FFH | SA2:4Kbyte | 1\ i 3 F7FFH I
8| Interrupt _ F800H _ F800H )
L Nector “FFFF ¥ V| SAt:2Kbyte FEFE v y| sat2kope
FSR:SSEN=0 FSR:SSEN=1 FSR:SSEN=0 FSR:SSEN=1

MB95F564H/F564K/F574H/

F574K/F584H/F584K
CPU address
§ BB;"E_J'C:): SAO: 2 Kbyte SAO: 2 Kbyte
H :fgﬁ: sat:2Kbyte (A 4| sA2:2Kbyte
CO00H \ I
v
.
v
VI
v

SA2: 14 Kbyte
SA2: 16 Kbyte h

Upper bank

F7FFH I

interrupt_ FBO0H ]
rlle(:tgr FFFFHI * * SA1: 2 Kbyte
FSR:SSEN=0 FSR:SSEN=1

20.3.3  Flash Memory Sector Write Control Register 0 (SWREDOQ)

The flash memory sector write control register 0 (SWREDO) is installed in the Flash memory interface for implementing the
Flash memory write-protect function.

m  Flash Memory Sector Write Control Register 0 (SWREDOQ)

The flash memory sector write control register 0 (SWREOQ) has bits for enabling/disabling programming data into individual

sectors (SAO to SA2). The initial value of each bit is "0", meaning programming data is disabled. Writing "1" to a bit in SWREOQO
enables programming data into the sector corresponding to that bit. Writing "0" to a bit in SWREO prevents data from being
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accidentally written into the sector corresponding to that bit. When "0" is written to a bit in SWREDO, even though "1" is written
to that bit afterward, data cannot be programmed into the sector corresponding to that bit. To re-program the data, execute a

reset operation.

Figure 20-21. Flash Memory Sector Write Control Register 0 (SWREOQ)

0073y R/WO0O R/WO0 R/WO R/WO0 R/WO0 R/W

R/W:Readable/writable (Read value is the same as write value)
R/WO0:The write value is "0". The read value is the same as the write value.

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
Address |Reserved |Reserved |Reserved |Reserved |Reserved |SA2E |SA1E SAOE 00000000g
R/W R/W

Only write data to SWREO by the byte. Setting the bits in SWREO using the bit manipulation instruction is prohibited.
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Table 20-3. Functions of Flash Memory Sector Write Control Register 0 (SWREDO)

Bit name Function

E:g to Reserved bits Always set these bits to "0".

These bits are used to set the function of preventing data from being accidentally written into
a sector of the Flash memory. Writing "1" to a bit in SWREO enables programming data into
the sector corresponding to that bit. Writing "0" to a bit in SWREO prevents data from being
accidentally written into the sector corresponding to that bit. In addition, resetting this bit ini-
tializes it to "0" (programming disabled).

Table of programming function setup bits and their corresponding Flash memory sectors

Bit Name Corresponding Sector in Flash Memory
. SAZ2E to SAQE: SA2E SA2

bit2 to ; .

bit0 Prograbmmmg function SA1E SA1

setup bits SACE SAO

Program-disabled:SAXE is "0". With no "0" written to the SAXE bit in the flash memory sector
write control register 0 (SWREO), programming data into a sector can be enabled by setting
the SAXE bit corresponding to that sector to "1". (This is the state after SAXE is reset).
Program-enabled:SAXE is "1". Data can be written into a sector corresponding to the SAXE
bit.

Program-protect:SAXE is "0 ". With "0" written to the SAXE bit in the flash memory sector
write control register 0 (SWREOQ), programming data into a sector cannot be enabled even
though the SAXE bit corresponding to that sector is set to "1".

351 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



Dual Operation Flash Memory

Embedded in Tomorrow™

g}gure 20-22. Examples of Flash Memory Program-disabled, Program-enabled, and Program-protected States Depending

Flash Memory Sector Write Control Register 0 (SWREDO)

e Write to Write to -
Initialize register register Initialize

RST

Program- ) Program- L

‘disabled f’rogram enable(i protect ) Program-disabled
SAOE

Program- .

] disabled Program-protect Y Program-disabled
SA1E

Program- .

} disabled Program-enabled Program-disabled
SA2E

Program-disabled:

SAXE is "0". With no "0" written to the SAXE bit in the flash memory sector write control register 0 (SWREOQ), programming
data into a sector can be enabled by setting the SAXE bit corresponding to that sector to "1". (This is the state after SAXE is
reset).

Program-enabled:
SAXE is "1". Data can be written to a sector corresponding to the SAXE bit.
Program-protect:

SAXE is "0 ". With "0" written to the SAXE bit in the flash memory sector write control register 0 (SWREOQ), programming data
to a sector cannot be enabled even though the SAXE bit corresponding to that sector is set to "1".

m  Note on Setting SWREO Register

To program data to or erase data from SAO (BO0O0y-B7FFy) or SA1 (B8004-BFFF) of the Flash memory when FSR:SSEN is
"0", set both SAOE and SA1E in the SWREQO register to "1" first.

To program data to or erase data when FSR:SSEN is "1", set SAOE, SA1E and SA2E in the SWREO register to "1" first.

For details of the sector map of the Flash memory, see Figure 20-1. and Figure 20.0-1.
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20.3.4  Flash Memory Status Register 3 (FSR3)

Figure 20-23. shows the bit configuration of the flash memory status register 3 (FSR3).

m Flash Memory Status Register 3 (FSR3)

Figure 20-23. Flash Memory Status Register 3 (FSR3)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
oo74v| - | - | - | cERS | ESPs SERS PGMS HANG | 000XXXXXs
RO/WX RO/WX RO/WX R/WX R/WX R/WX R/WX R/WX

|

I—» HANG Flash memory hang up status bit
0 No malfunctions of commands input have occurred so far.
1 A malfunction of commands input has occurred.
-  PGMS Flash memory program status bit
0 Data has been programmed (ready to program next data).
1 Data is being programmed (not ready to program next data).
=  SERS Flash memory sector erase status bit
0 Sector erase has been completed (ready to erase the next sector).
1 Sector erase is in progress (not ready to erase the next sector).
=  ESPS Flash memory sector erase suspend status bit
0 There has been no suspension of flash memory sector erase.
1 Flash memory sector erase has been suspended.
- CERS Flash memory chip erase status bit
0 Chip erase has been completed.
1 Chip erase is in progress.

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)
RO/WX : The read value is “0”. Writing a value to this bit has no effect on operation.
- 1 Undefined bit

X : Indeterminate
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Table 20-4. Functions of Flash Memory Status Register 3 (FSR3)

Bit name Function
g:g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
CERS: This bit shows the chip erase status of the Flash memory.
bit4 Flash memory chip When the CERS bit is set to "1", that indicates chip erase is in progress.
erase status bit When the CERS bit is set to "0", that indicates chip erase has been completed.

This bit shows the sector erase suspend status of the Flash memory.
When the ESPS bit is set to "1", that indicates Flash memory sector erase has been sus-
bit3 Flash memory sector

pended.
g:‘tase suspend status When the ESPS bit is set to "0", that indicates there has been no suspension of Flash mem-

ory sector erase.

ESPS:

SERS: This bit shows the sector erase status of the Flash memory.
bit2 Flash memory sector When the SERS bit is set to "1", that indicates sector erase is in progress.
erase status bit When the SERS bit is set to "0", that indicates sector erase has been completed.

This bit shows the program status of the Flash memory.
When the PGMS bit is set to "1", that indicates data is being programmed to the Flash mem-

PGMS: ory.
bit1 Flash memory program | When the PGMS bit is set to "0", that indicates data has been programmed to the Flash mem-
status bit ory.

The PGMS bit will never be asserted under the condition that the machine clock (MCLK)
cycle is longer than 1us. Use this bit with the machine clock (MCLK) cycle shorter than 1 ps.

This bit shows whether the Flash memory has malfunctioned or not.

HANG: When the HANG bit is set to "1", that indicates a malfunction of commands input has
bit0 | Flash memory hang up |occurred.
status bit When the HANG bit is set to "0", that indicates no malfunctions of commands input have

occurred so far.

20.3.5 Flash Memory Status Register 4 (FSR4)
Figure 20-24. shows the bit configuration of the flash memory status register 4 (FSR4).
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m Flash Memory Status Register 4 (FSR4)
Figure 20-24. Flash Memory Status Register 4 (FSR4)

Address

bit7

bité bits

bit4 bit3 bit2 bit1 bit0 Initial value

0075H |

| CEREND | CTIEN

| cERTO | - - - - 000000008

RW
R(RM1),W :

RO/WX

RO/WX

R(RMI)W  RW

R(RM1),W  RO/WX RO/WX RO/WX RO/WX

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

Y

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

CERTO interrupt request flag bit

CERTO Read Write

0 Chip erase is in progress. Clears this bit.

1 Chip erase has failed. No effect on operation.

CTIEN CERTO interrupt enable bit

0 Disables the interrupt upon failure of chip erase (CERTO).

1 Enables the interrupt upon failure of chip erase (CERTO).

[
|

Flash memory chip erase completion status bit

CEREND Read Write

0 Chip erase is in progress. Clears this bit.

1 Chip erase has been completed. No effect on operation.

Undefined bit

: Readable/Writable (The read value is the same as the write value.)
Readable/Writable (The read value is different from the write value. “1” is read by
the read-modify-write (RMW) type of instruction.)

: The read value is “0”. Writing a value to this bit has no effect on operation.

1 Undefined bit
: Initial value

The read value is always “0”. Writing a value to this bit has no effect on operation.
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Table 20-5. Functions of Flash Memory Status Register 4 (FSR4)

Bit name Function

bit7 Undefined bit The read value is always "0". Writing a value to this bit has no effect on operation.

This bit indicates the completion of Flash memory chip erase.

After Flash memory chip erase is completed, the CEREND bit is set to "1" upon completion of
the Flash memory automatic algorithm.

CEREND: ) When the CEREND bit is set to "0" after Flash memory chip erase is completed, further Flash
bité Flash memory chip memory chip erase is disabled.

erase completion status | \when Flash memory chip erase fails (FSR3:HANG = 1), this bit is cleared to "0".

bit Writing "0":Clears this bit.
Writing "1":Has no effect on operation.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".
This bit enables or disables the generation of interrupt requests triggered by the failure of
CTIEN: Flash memory chip erase.

. . Writing "0":Prevents an interrupt request from occurring even when Flash memory chip
bits | CERTO interrupt erase fails (FSR4:CERTO = 1).

enable bit Writing "1":Causes an interrupt request to occur when Flash memory chip erase fails
(FSR4:CERTO =1).
This bit indicates that Flash memory chip erase has failed.

After Flash memory chip erase fails, the CERTO bit is set to "1" upon failure of the Flash
memory automatic algorithm.

An interrupt request occurs when the CERTO bit is set to "1", provided that generating an

CERTO: interrupt request upon failure of Flash memory chip erase has been enabled (FSR4:CTIEN =
bit4 | CERTO interrupt 1). N . .
request flag bit When the CERTO bit is set to "1" after Flash memory chip erase is completed, further Flash

memory chip erase is disabled.

Writing "0":Clears this bit.

Writing "1":Has no effect on operation.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

g:{g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
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m  Examples of Status of Flash Memory Status Register 2, Flash Memory Status
Register 3, Flash Memory Status Register 4 and RDY Bit (FSR:bit4)

Figure 20-25. FSR2:PGMEND during Flash Memory Programming

=27 CYPRESS

Embedded in Tomorrow

Program command Program END
| |
v v
FSR:RDY \ /
FSR3:PGMS /
FSR3:SERS
FSR3:ESPS \
FSR3:HANG \
v
FSR2:PGMEND /

Figure 20-26. FSR2:PGMTO when Flash Memory Programming Failed

Program command Program timeout Reset command

l 1 1

1
FSR:RDY \ ' (zl
If—\ 1
FSR3:PGMS / N \
1 1
FSR3:SERS ! !
1 1
FSR3:ESPS ! !
5 4 |
FSR3:HANG 5 \
N\ .
FSR2:PGMTO r !
1 1

Figure 20-27. FSR2:ERSEND during Flash Memory Sector Erase

Sector erase command Sector erase END
| |
FSRRRDY ~— \ [
FSR3:PGMS
FSR3:SERS / %
FSR3:ESPS
FSR3:HANG \v
FSR2:ERSEND /
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Figure 20-28. FSR2:ERSTO when Flash Memory Sector Erase Failed

Dual Operation Flash Memory

}

Sector erase command Sector erase timeout

Reset command

FSR:RDY \ | —
I I
FSR3:PGMS : :
I I
)
FSR3:SERS / | \
I I
FSR3:ESPS ! !

FSR2:ERSTO I

% |
FSR3:HANG \ {

Figure 20-29. FSR2:PGMEND and FSR2:ERSEND when Flash Memory Programming Is in Progress with Flash Memory

Sector Erase Suspended

Sector erase

Sector erase  suspend Program
command  command command
FSR:RDY \ / \

Sector erase

suspend

resume command

}

[\ [

FSR3:PGMS / \:

FSR3:SERS __ /

FSR3:ESPS /

FSR3:HANG

FSR2:PGMEND

|

FSR2:ERSEND

7
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Figure 20-30. FSR2:PGMTO and FSR2:ERSEND when Flash Memory Programming Failed with Flash Memory SectorErase

Suspended
Sector erase Program Reset Sector erase
Sector erase  suspend Program timeout command suspend
command command command \ l resume command
I
FSR:RDY \ / \ X '/ \ /
FSR3:PGMS / i \
I~ |
FSR3:SERS / . :
I I
FSR3:ESPS / |
I
FSR3:HANG :
FSR2:PGMTO : / X
] I
FSR2:ERSTO | |
I I
FSR2:ERSEND : : /[
I I
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Figure 20-31. FSR2:ERSEND when Flash Memory Read Is in Progress with Flash Memory Sector Erase Suspended

Sector erase
Sector erase  suspend
command command

| |

Sector erase

Reset command

suspend

(read) resume command

|

}

FSR:RDY \ /

FSR3:PGMS

-/

X

FSR3:SERS _ /

A
No effect

FSR3:ESPS /

FSR3:HANG

FSR2:ERSEND

v
—

Figure 20-32. FSR2:PGMEND and FSR2:ERSTO when Flash Memory Sector Erase Failed after Sector Erase Has Resumed

Sector erase

b

FSR3:PGMS

Sector erase  suspend Program
command command command

Sector erase Sector erase

} \

FSR:RDY \ / \ / \

suspend
resume command command

timeout Reset

bov

-

X

FSR3:SERS /

\

FSR3:ESPS /

FSR3:HANG

‘ \

FSR2:PGMEND

FSR2:ERSTO

Figure 20-33. FSR4:CERTO when Chip Erase Failed

Chip erase Reset
command command
Chip erase
timeout
FSR:RDY \ /
v
Y
FSR3:CERS / \
FSR3:HANG \
FSR4:CERTO /
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Figure 20-34. FSR4:CEREND during Chip Erase
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Chip erase
command

FSR:RDY \

Chip erase
end

/

FSR3:CERS /

FSR3:SERS

o
N

FSR4:CEREND

},—
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m Flash Memory Sector Write Control Register 0 (SWREO) Setup Flow Chart

Dual Operation Flash Memory

Set the FSR:WRE bit to "1" to enable Flash memory programming, then enable or disable programming data into a sector by
setting the corresponding bit in the SWREDO register to "1" or "0" respectively.

Figure 20-35. Sample Procedure for Enabling/Disabling Flash Memory Programming

( Start of programming )

FSR:
Enable Flash memory programming.

WRE (bit1)

<

Y

SWREO

Enable/disable programming data to a sector.
(Write "0" to disable programming data or “1” to enable
programming data to a sector)

|

Programming command sequence

(1) UAA8H < AAH

(2) U554 < 554

(3) UAA8H <« AOH

(4) Program address < Program data

Y

Read internal address.

Data polling

Read internal address.

Data

Data polling

Y

( Program error)

(DQ7)

NO

Next address

Last address?

YES

FSR

‘WRE (bit1)
Disable Flash memory programming.

( End of programming )
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m  Note on Setting (FSR:WRE)

To program data to the Flash memory, set FSR:WRE to "1" to enable Flash memory programming and then set the bit in the
SWREQ register corresponding to a sector to which data is to be written. When Flash memory programming is disabled by
setting FSR:WRE to "0", no write access to a sector in the Flash memory can be executed even though it has been enabled
by setting a bit corresponding to that sector in the SWREQO register to "1".

20.4

There are four commands that invoke the Flash memory automatic algorithm: read/reset, program, chip erase, and sector
erase. The sector erase command is capable of suspending and resuming sector erase.

Invoking Flash Memory Automatic Algorithm

m Command Sequence Table

Table 20-6. lists commands used in programming/erasing Flash memory.

Table 20-6. Command Sequence

1st bus write 2nd bus write 3rd bus write 4th bus write 5th bus write 6th bus write

Command B'-_'ts cycle cycle cycle cycle cycle cycle

write
sequence

cycle |Addres Data Addres Data Addres Data Addres Data Addres Data Addres Data

s s s s s s
Read/ 1 FxXXy |FOy |- - - - - - - - - -
reset’ 1 RA RD - _ _ - - - - - - -
UAAA/ UAAA/

Program |4 UAAS AAyL US54y |55y UAAS,, A0y |PA PD - - - -

. UAAAY/ UAAAY/ UAAA/ UAAAY/
Chip erase|6 UAA8,, AAy [ X554y |55y UAAS,, 804 UAAS,, AAyL | X554y |55y UAAS;, 104
Sector UAAA/ UAAAY/
erase 6 UAA8,, AAyL | X554, |55y UAAS,, 804 UAAA, |AAy |UB54, (554 |SA 304
Unlock UAAA/ UAAA/
bypass |3 HlAAL  |US54y |55, 20,4 |- - - - - -
entry UAA8 UAA8Y,

Unlock

bypass 2 UXXXy [AOy  |PA PD - - - - R - . _
program

Unlock

bypass 2 UXXXy 904 UXXXy |any |- - - - - R -

reset

Sector erase suspend Programming data "BOy" to the address "UXXXy" suspends erasing during sector erase.
Sector erase resume Programming data "304" to the address "UXXXy" resumes suspended sector erase.
Erase sector add Programming data "304" to the SA adds a new sector to be erased.

RA: Read address

PA: Program address

SA: Sector address (specify arbitrary one address in sector)

RD: Read data

PD: Program data

U: Upper 4 bits same as RA, PA, and SA

Fy: FFIFE

X: Any address value

any: Any program data

*: Both types of read/reset command can reset the Flash memory to read mode.
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Notes:

m Addresses in the table above are values on the CPU memory map. All addresses and data are in hexadecimal notation.
However, "X" is an arbitrary value.

m U"in an address in the table above is not arbitrary, but represents the upper four bits (bit 15 to bit 12) of an address. Its
value must be the same as the upper four bits in RA, PA and SA.

m Example: If RA = C48Ey, U = C; if PA = 1024}, U=1
If SA =3000y, U=3
m The chip erase command is accepted only when programming data into all sectors has been enabled. The chip erase

command is ignored if the bit for any sector in the flash memory sector write control register 0 (SWREO) has been set to
"0" (to disable programming data to that sector).

m  Note on Issuing Commands

Pay attention to the following two points when issuing commands in command sequence table:
a Enable programming data into a required sector before issuing the first command.
a1  Ensure that since the first command, the value "U", which represents the upper four bits (bit15 to bit12) of an address,
the same as the upper four bits in RA, PA and SA.

If the two points above are not observed, commands cannot be recognized properly. When commands are not recognized
properly, it is necessary to initialize the command sequencer in the Flash memory by executing a reset.

20.5 Checking Automatic Algorithm Execution Status

Since the Flash memory uses the automatic algorithm to execute the program/erase flow, its internal operating status can be
checked through the hardware sequence flags.

m Hardware Sequence Flags
a Overview of hardware sequence flags

The hardware sequence flag consists of the following 5-bit output:
Data polling flag (DQ7)

Toggle bit flag (DQ6)

Execution timeout flag (DQ5)

Sector erase timer flag (DQ3)

Toggle bit2 flag (DQ2)

o o a o o

The hardware sequence flags can tell whether a program command, a chip erase command or a sector erase command has
been terminated, whether an erase code can be written and whether an erase sector or a non-erase sector is being read.

The value of a hardware sequence flag can be checked by a read access to the address of a target sector in the Flash mem-
ory after a command sequence is set. Note that a hardware sequence flag is output only to the bank from which a command
has been issued.

Table 20-7. shows the bit allocation of the hardware sequence flags.

Table 20-7. Bit Allocation of Hardware Sequence Flag

Bit no. 7 6 5 4 3 2 1 0
Hardware sequence flag DQ7 DQ6 DQ5 - DQ3 DQ2 - -

o To decide whether an automatic program command, a chip erase command or a sector erase command is being exe-
cuted or has been terminated, check the respective hardware sequence flags or the flash memory program/erase sta-
tus bit in the flash memory status register (FSR:RDY). After program/erase is terminated, the Flash memory returns to
the read/reset state.

o When creating a program/erase program, read data after confirming the termination of automatic program/erase using
the DQ2, DQ3, DQ5, DQ6 and DQY flags.
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a The hardware sequence flags can also be used to check whether the second sector erase code write and those to be
executed afterward are valid or not.

o Description of hardware sequence flags

Table 20-8. lists the functions of the hardware sequence flags.

Table 20-8. List of Hardware Sequence Flag Functions

State DQ7 DQ6 DQ5 DQ3 DQ2
Programming — Programming completed |5q7 _, Toggle — 0 0> 0
(when program address has been speci- . . . . .
fied) DATA: 7 DATA: 6 DATA: 5 DATA: 3 DATA: 2
Chip/sector erase — Erase completed 0> 1 Toggle > 1 |0—> 1 1 Toggle — 1
State transition Sector erase wait — Erase started 0 Toggle 0 0> 1 Toggle
during normal
; Erase — Sector erase suspended (Sector
operation being erased) 0 Toggle > 0 |0 1 Toggle
Sector erase suspended — Erase
resumed (Sector being erased) 0 0 — Toggle 10 1 Toggle
Sector erase being suspended . . . . .
(Sector not being erased) DATA: 7 DATA: 6 DATA: 5 DATA: 3 DATA: 2
Abnormal Programming DQ7 Toggle 1 0 0
operation Chip/sector erase 0 Toggle 1 1 Toggle

20.5.1  Data Polling Flag (DQ7)

The data polling flag (DQ7) is a hardware sequence flag indicating that the automatic algorithm is being executing or has
been completed using the data polling function.

m Data Polling Flag (DQ7)

Table 20-9. and Table 20-10. show the state transition of the data polling flag during normal operation and the one during
abnormal operation respectively.

Table 20-9. State Transition of Data Polling Flag (During Normal Operation)

. . Sector erase —» | Sector erase Sector erase
Operating Progra_r)nmlng CI;:'[;Isseec_t)or Sector erase | Sector erase | suspended —» being
Proarammin Erase wait - suspended |Erase resumed| suspended
state g let dg leted | Erase started | (Sector being | (Sector being | (Sector not
complete complete erased) erased) being erased)
DQ7 DQ7 - DATA:7 |01 0 0 0 DATA: 7

Table 20-10. State Transition of Data Polling Flag (During Abnormal Operation)

Operating state Programming Chip/sector erase
DQ7 DQ7 0

o At programming

When read access takes place during execution of the automatic program algorithm, the Flash memory outputs the inverted
value of bit7 in the last data written to DQ7.
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If read access takes place on completion of the automatic program algorithm, the Flash memory outputs bit7 of the value read
from the read-accessed address to DQ7.

o At chip/sector erase
When read access is made to the sector currently being erased during execution of the chip/sector erase algorithm, bit7 of
Flash memory outputs "0". Bit7 of Flash memory outputs "1" upon completion of chip/sector erase.

o At sector erase suspension

1 When read access takes place with a sector erase operation suspended, the Flash memory outputs "0" to DQ7 if the
read address is the sector being erased. If not, the Flash memory outputs bit7 (DATA:7) of the value read from the
read address to DQ7.

a1 Referring the data polling flag (DQ7) together with the toggle bit flag (DQ6) permits a decision on whether Flash mem-
ory is in the sector erase suspended state or which sector is being erased.

Note:

Once the automatic algorithm has been started, read access to the specified address is ignored. Data reading is allowed after
the data polling flag (DQ7) is set to "1". Data reading after the end of the automatic algorithm should be performed following
read access made to confirm the completion of data polling.

20.5.2 Toggle Bit Flag (DQ6)

The toggle bit flag (DQ6) is a hardware sequence flag using the toggle bit function to indicate whether the automatic algorithm
is being executed or has terminated.

m Toggle Bit Flag (DQ6)

Table 20-11. and Table 20-12. show the state transition of the toggle bit flag during normal operation and the one during
abnormal operation respectively.

Table 20-11. State Transition of Toggle Bit Flag (During Normal Operation)

. . Sector erase —» | Sector erase Sector erase
Operating Progra_r)nmmg Cg;z/ss:c_t)or Sector erase | Sector erase | suspended — being
state Programming Erase wait —» suspended |Erase resumed| suspended
Erase started | (Sector being | (Sector being (Sector not
EEE R B erased) erased) being erased)
DQ6 Todgle > Toggle > 1 [Toggle Toggle — 0 0 - Toggle DATA: 6

Table 20-12. State Transition of Toggle Bit Flag (During Abnormal Operation)

Operating state Program Chip/sector erase

DQ6

Toggle Toggle

At program and chip/sector erase

When read accesses are made continuously while the automatic program algorithm or the automatic chip/sector erase
algorithm is being executed, the Flash memory toggles the output between "1" and "0" at each read access.

When read accesses are made continuously after the automatic program algorithm or the chip/sector erase algorithm
terminates, the Flash memory outputs bit6 (DATA:6) of the value read from the read address at each read access.

o At sector erase suspension

When a read access is made with a sector erase operation suspended, the Flash memory outputs "0" if the read address is
the sector being erased. Otherwise, the Flash memory outputs bit6 (DATA: 6) of the value read from the read address.
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Note:

When using dual-operation Flash memory (Flash memory write control program is executed on the Flash memory), the toggle
bit flag (DQ6) cannot be used to check the operating state of program/erase. See the notes in "20.9 Notes on Using Dual
Operation Flash Memory" when writing a program.

The note above does not apply if the Flash memory write control program is executed on the RAM.

20.5.3  Execution Timeout Flag (DQ5)

The execution timeout flag (DQS5) is a hardware sequence flag indicating that the execution time of the automatic algorithm
exceeds a specified time (required for program/erase) in the Flash memory.

m Execution Timeout Flag (DQ5)

Table 20-13. and Table 20-14. show the state transition of the execution timeout flag during normal operation and the one dur-
ing abnormal operation respectively.

Table 20-13. State Transition of Execution Timeout Flag (During Normal Operation)

Chip/sector Sector erase —» | Sector erase Sector erase
Operating Program —» erzse N Sector erase | Sector erase | suspended —» being
Program Erase wait —» suspended |Erase resumed| suspended
state completed Erase started | (Sector being | (Sector being | (Sector not
completed -
erased) erased) being erased)
DQ5 0 — DATA: 5 0—>1 0 0 0 DATA: 5

Table 20-14. State Transition of Execution Timeout Flag (During Abnormal Operation)

Operating state Program
DQ5 1 1

Chip/sector erase

o At program and chip/sector erase

When a read access is made with the automatic program algorithm or the automatic chip/sector erase algorithm invoked, the
flag outputs "0" when the algorithm execution time is within the specified time (required for program/erase) or "1" when it
exceeds that time.

The execution timeout flag (DQ5) can be used to check whether program/erase has succeeded or failed regardless of
whether the automatic algorithm has been running or terminated. When the execution timeout flag (DQ5) outputs "1", it can
be judged that program fails if flash memory program/erase status bit (RDY) in the flash memory status register (FSR) is "0".

If an attempt is made to write "1" to a Flash memory address holding "0", for example, the Flash memory is locked, the time
limit is exceeded and the execution timeout flag (DQS5) outputs "1". The state in which the execution timeout flag (DQ5) out-
puts "1" means that the Flash memory has not been used correctly; it does not mean that the Flash memory is defective.
When this state occurs, execute the reset command.

20.5.4  Sector Erase Timer Flag (DQ3)

The sector erase timer flag (DQ3) is a hardware sequence flag indicating whether the Flash memory is waiting for sector
erase after the sector erase command has started.
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m Sector Erase Timer Flag (DQ3)

Dual Operation Flash Memory

Table 20-15. and Table 20-16. show the state transition of the sector erase timer flag during normal operation and the one
during abnormal operation respectively.

Table 20-15. State Transition of Sector Erase Timer Flag (During Normal Operation)

Chip/sector Sector erase —» | Sector erase Sector_’ erase
Operating Program —» erase —> Sector erase | Sector erase | suspended — being
Program Erase wait —» suspended |Erase resumed| suspended
state completed | = ° ¢ 4 | Erasestarted | (Sector being | (Sector being | (Sector not
P erased) erased) being erased)
DQ3 0 — DATA: 3 1 0—->1 1 1 DATA: 3

Table 20-16. State Transition of Sector Erase Timer Flag (During Abnormal Operation)

Operating state Program
DQ3 0 1

Chip/sector erase

At sector erase

o When a read access is made after the sector erase command has started, the sector erase timer flag (DQ3) outputs
"0" within the sector erase wait period. The flag outputs "1" if the sector erase wait period has elapsed.

o When the data polling function or the toggle bit function indicates that the erase algorithm is being executed (DQ7 =0,
DQ6: toggle output, DQ3 = 1), the sector erase operation is in progress. If any command other than the sector erase
suspend command is set subsequently, it is ignored until sector erase is terminated.

a If the sector erase timer flag (DQ3) is "0", the Flash memory can accept the sector erase command. Before writing the
sector erase command to the Flash memory, make sure that the sector erase timer flag (DQ3) is "0". If the flag is "1",
the Flash memory may not accept the sector erase command suspended.

o At sector erase suspension

When a read access is made with the sector erase operation suspended, the Flash memory outputs "1" if the read address of
that read access is the address of a sector being erased. If the read address is not the address of a sector being erased, the
Flash memory outputs bit3 (DATA: 3) of the value read from the read address.

20.5.5 Toggle Bit2 Flag (DQ2)

The toggle bit2 flag (DQ2) is a hardware sequence flag using the toggle bit function to indicate whether a read address is an
erase target sector in the sector erase suspend state and whether output data is toggled.

m Toggle Bit2 Flag (DQ2)

Table 20-17. and Table 20-18. show the state transition of the toggle bit2 flag during normal operation and the one during

abnormal operation respectively.

Table 20-17. State Transition of Toggle Bit2 Flag (During Normal Operation)

Chip/sector Sector erase —» | Sector erase Sector erase
; Program — P Sector erase | Sector erase | suspended —» being
Operating erase - .
Program Erase wait - suspended |Eraseresumed| suspended
state completed | -- 4 | Erase started | (Sector being | (Sector being | (Sector not
P erased) erased) being erased)
DQ2 0 — DATA: 2 Toggle — 1 Toggle Toggle Toggle DATA: 2
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Table 20-18. State Transition of Toggle Bit2 Flag (During Abnormal Operation)

Operating state Program Chip/sector erase
DQ2 0 Toggle

a At chip/sector erase

o  When read accesses are continuously made while the automatic chip/sector erase algorithm is being executed, the
Flash memory toggles the output between "1" and "0" at each read access.

o When read accesses are continuously made while the automatic program algorithm or the automatic chip/sector erase
algorithm is being executed, the Flash memory outputs bit2 (DATA: 2) of the value read from a read address of each
read access.

o At sector erase suspension
When a read access is made with the sector erase operation suspended, the Flash memory toggles the output between "1"

and "0" if the read address of that read access is the address of a sector being erased. If the read address is not the address
of a sector being erased, the Flash memory outputs bit2 (DATA: 2) of the value read from the read address.

20.6 Programming/Erasing Flash Memory

This section describes the respective procedures for reading/resetting the Flash memory, programming, chip-erasing, sector-
erasing, sector erase suspending and sector erase resuming by entering respective commands to invoke the automatic algo-
rithm.

m Details of Programming/Erasing Flash Memory

The automatic algorithm can be invoked by programming the read/reset, program, chip erase, sector erase, sector-erase sus-
pend, and sector erase resume command sequence to the Flash memory from the CPU. Always write the commands of a
command sequence continuously from the CPU to the Flash memory. The termination of the automatic algorithm can be
checked by the data polling function. After the automatic algorithm terminates normally, the Flash memory returns to the read/
reset state.

The operations are explained in the following order:

Enter the read/reset state.

Program data.

Erase all data (chip erase).

Erase arbitrary data (sector erase).

Suspend sector erasing.

Resume sector erasing.

[ o o R R

Unlock the bypass program.

20.6.1  Placing Flash Memory in Read/Reset State

This section explains the procedure for entering the read/reset command to place the Flash memory in read/reset state.
m Placing Flash Memory in Read/Reset State

o To place the Flash memory in the read/reset state, send read/reset commands in the command sequence table con-
secutively from the CPU to the Flash memory.

a Since the read/reset state is the initial state of the Flash memory, the Flash memory always enters this state after
power-on or the normal termination of a command. The read/reset state is also regarded as the command input wait
state.

o In the read/reset state, data in the Flash memory can be read by a read access to the Flash memory. The Flash mem-
ory can also be accessed from the CPU by the write access.

a In the case of a read access to the Flash memory, no read/reset commands are required. If a command does not ter-
minate normally, use a read/reset command to initialize the automatic algorithm.
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20.6.2 Programming Data to Flash Memory

This section explains the procedure for entering the program command to program data to the Flash memory.

m  Programming Data to Flash Memory

a

a

To invoke the automatic algorithm for programming data to the Flash memory, send program commands in the com-
mand sequence table consecutively from the CPU to the Flash memory.

When programming data to a target address ends in the fourth cycle, the automatic algorithm is invoked and starts
automatic programming.

Addressing method

Programming can be performed in any order of addresses and across a sector boundary. The size of data that can be written
by a single program command is one byte only.

a
a

a
a

Note on programming data

Bit data cannot be returned from "0" to "1" by programming. When "1" is written to bit data that is currently "0", the data
polling function (DQ7) or toggle operation (DQB) is not terminated, it is determined that Flash memory component is
defective, and the execution timeout flag (DQ5) indicates that an error has occurred because the execution time of the
automatic algorithm exceeds the programming time specified.

When data is read in the read/reset state, the bit data remains "0". To make the bit data return from "0" to "1", erase
the Flash memory.

All commands are ignored during automatic programming.

During programming, if a hardware reset occurs, the integrity of data being written to the current address is not guar-
anteed. Start programming the data from the chip erase command again.

m Flash Memory Programming Procedure

a

Figure 20-36. gives an example of the procedure for programming data to the Flash memory. The hardware sequence
flag can be used to check the operating state of the automatic algorithm in the Flash memory. The data polling flag
(DQY7) is used for checking the end of programming data into Flash memory in this example.

Data for flag checking is read from the address to which data has been last written.

Since the data polling flag (DQ7) and the execution timeout flag (DQ5) are changed simultaneously, check the data
polling flag (DQ7) even when the execution timeout flag (DQ5) is "1".

Similarly, since the toggle bit flag (DQ6) stops toggling at the same time as the execution timeout flag (DQ5) changes
to "1", check DQ6 after DQ5 changes to "1".
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Figure 20-36. Sample Procedure for Programming to Flash Memory

( Start of programming )

FSR:WRE (bit1)
Enable Flash memory programming.

<
<

Y

SWREO

Enable/disable programming data to a sector.
(Write "0" to disable programming data or “1” to enable
programming data to a sector.)

!

Programming command sequence

(1) UAA8H « AAH

(2) U554 « 554

(8) UAA8H « AOH

(4) Program address « Program data

>
>

Y

Read internal address. Next address

Data polling
(DQ7)

Execution timeout
(DQ5)

Read internal address.

Dat .
ae Data polling

(DQ7)

NO

Y
(' Program error ) Last address?

YES

FSR:WRE (bit1)
Disable Flash memory programming.

( End of programming )
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20.6.3  Erasing All Data from Flash Memory (Chip Erase)

This section explains the procedure for issuing the chip erase command to erase all data in the Flash memory.
m Erasing Data from Flash Memory (Chip Erase)

o To erase all data from the Flash memory, send the chip erase command mentioned in the command sequence table
continuously from the CPU to the Flash memory.

o The chip erase command is executed in six bus operations. Chip erase starts at the point when the sixth cycle of pro-
gramming commands is complete.

o In chip erase, the user does not need to program data to the Flash memory before starting erasing data. While the
automatic erase algorithm is running, it automatically writes "0" to all cells in the Flash memory before erasing data.

m Note on Chip Erase

o The chip erase command is accepted only when programming data to all sectors has been enabled. The chip erase
command is ignored if the bit for any sector in the flash memory sector write control register 0 (SWREOQ) has been set
to "0" (to disable programming data to that sector).

o During chip erase, if a hardware reset occurs, the integrity of data in the Flash memory is not guaranteed.

20.6.4  Erasing Specific Data from Flash Memory (Sector Erase)
This section explains the procedure for entering the sector erase command to erase a specific sector in the Flash memory.
Sector-by-sector erasing is enabled and multiple sectors can also be specified at a time.
m Erasing Specific Data from Flash Memory (Sector Erase)
To erase data from a specific sector in the Flash memory, send the sector erase command mentioned in the command
sequence table continuously from the CPU to the Flash memory.

o Specifying a sector

a0 The sector erase command is executed in six bus operations. A minimum of 40 ps sector erase wait time starts as an
address in the sector to be erased is specified as the address for the sixth cycle and the sector erase code (30y) is

written as data.

a To erase data from more than one sector, write the erase code (30y) to an address in sector to be erased after pro-
gramming the sector erase code to the address of the first sector to be erased as explained above.

a1 Note on specifying multiple sectors

o Sector erase starts as a 40 us sector erase wait time elapses after the last sector erase code has been written.

To erase data from multiple sectors simultaneously, input the sector addresses and the erase code (in the sixth cycle
of the command sequence) within a minimum of 40 us sector erase wait time. If the erase code is input after the sector
erase wait time elapses, it will not be accepted.

a0 The sector erase timer flag (DQ3) can be used to check whether it is valid to write sector erase codes continuously.
o Specify the address of a sector to be erased as the address at which the sector erase timer flag (DQ3) is read.
m Flash Memory Sector Erase Procedure

o Hardware sequence flags can be used to check the state of the automatic algorithm in the Flash memory. Figure
20-37. gives an example of the Flash memory sector erase procedure. In this example, the toggle bit flag (DQ6) is
used to check the end of sector erase.

a0  The toggle bit flag (DQ6) stops toggling the output at the same time as the execution timeout flag (DQ5) changes to
"1". Do check the toggle bit flag (DQ6) even when the execution timeout flag (DQ5) is "1".

a  Since the data polling flag (DQ7) and the execution timeout flag (DQ5) are changed simultaneously, check the data
polling flag (DQ7) when the execution timeout flag (DQ5) is "1".

m Note on Erasing Data from Sectors

If a hardware reset occurs while data is being erased, the integrity of data in the Flash memory is not guaranteed. Run the
sector erase procedure again after a hardware reset occurs.
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Figure 20-37. Sample Procedure for Erasing Data from Sectors in Flash Memory

Start of erasing

FSR:WRE (bit1)
Enable Flash memory erasing.

!

SWREO

Enable/disable programming data to a sector.
(Write "0" to disable programming data or “1” to enable
programming data to a sector.)

[
=
Erase command sequence
(1) UAA8H « AAH
(2) U554 « 554
(3) UAA8BH « 80H
(4) UAA8H « AAH
(5) U554 « 55H

(6) Input code (30H) to
erase sector.

v

Read internal address.

Erase any other
sectors?

Read internal address 1.

0 v

Read internal address 2.

1

Erase specification has not
been added within 40 pus.
Set remainder re-execution
flag, and terminate
erase once

Toggle bit (DQB6)
Data 1 = Data 2

Execution timeout
(DQ5)

Read internal address.

!

Read internal address.

Toggle bit (DQ6)
Data 1 = Data 2

YES |«

Remainder YES
re-execution flag?

v
(' Eraseerror )

FSR:WRE (bit1)
Disable Flash memory erasing.

End of erasing
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20.6.5 Suspending Sector Erasing from Flash Memory

This section explains the procedure for entering the sector erase suspend command to suspend sector erase of the Flash
memory. Data can be read from sectors not being erased.

m Suspending Sector Erase from Flash Memory

o To suspend the Flash memory sector erase, send the sector erase suspend command mentioned in the command
sequence table from the CPU to the Flash memory.

o The sector erase suspend command suspends the current sector erase operation, allowing data to be read from sec-
tors that are not being erased.

o The sector erase suspend command is only enabled during the sector erase period including the erase wait time; it is
ignored in chip erase or programming.

a The sector erase suspend command is executed when the sector erase suspend code (BOy) is written. Specify an

address in the sector selected to be erased. If an attempt is made to execute the sector erase suspend command
again when sector erase has been suspended, the new sector erase suspend command input is ignored.

o When a sector erase suspend command is input during the sector erase wait period, the sector erase wait time ends
immediately, the sector erase operation is stopped, and the Flash memory enters the erase stop state.

1 When a sector erase suspend command is input during sector erase after the sector erase wait period, the erase sus-
pend state occurs after a maximum of 20 us has elapsed since the issue of the sector erase suspend command.
Note:

To suspend sector erase by issuing a sector erase suspend command, issue the command after 20 ms or longer has elapsed
since the issue of a sector erase command or a sector erase resume command.

20.6.6  Resuming Sector Erase of Flash Memory

This section explains the procedure for entering the sector erase resume command to resume suspended erasing of a sector
in the Flash memory.

m Resuming Sector Erase of Flash Memory

o To resume suspended sector erase, send the sector erase resume command mentioned in the command sequence
table from the CPU to the Flash memory.

0 The sector erase resume command resumes a sector erase operation suspended by the sector erase suspend com-
mand. The sector erase resume command is executed by writing erase resume code (30y). Specify an address in the

sector selected to be erased.
o A sector erase resume command input during sector erase is ignored.

20.6.7  Unlock Bypass Program

This sections explains details of the unlock bypass state.
m Transiting from Normal Command State to Unlock Bypass State
If an unlock bypass program command is input in the normal command state, the Flash memory will transit to the unlock

bypass state. In this state, the Flash memory can execute a program command if the command is input within 2 program
cycles as mentioned in Table 20-6..

m  Returning from Unlock Bypass State to Normal Command State

If an unlock bypass reset command is input in the unlock bypass state, the Flash memory will return to the normal command
state from the unlock bypass state. In addition, executing a hardware reset in the unlock bypass state will also make Flash
memory return to the normal command state.
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20.7 Operations of Dual Operation Flash Memory

Pay attention in particular to the following points when using dual operation Flash memory:
m Interrupt generated when upper banks are updated
m  Procedure of setting the sector swap enable bit in the flash memory status register (FSR:SSEN)

m Interrupt Generated When Upper Banks Are Updated

The dual operation Flash memory consists of two banks. Like conventional Flash products, however, it cannot be erased/pro-
grammed and read at the same time in banks on the same side.

As SA2 contains an interrupt vector, an interrupt vector from the CPU cannot be read normally when an interrupt occurs dur-
ing programming data to an upper bank. Before an upper bank can be updated, the sector swap enable bit must be set to "1"
(FSR:SSEN = 1). When an interrupt occurs, therefore, SA1 is accessed to read interrupt vector data. The same data must be
copied to SA1 and SA2 before the sector swap enable bit (FSR:SSEN) is set.

m  Procedure for Setting Sector Swap Enable Bit (FSR:SSEN)
Figure 20.0-1 shows a sample procedure of setting the sector swap enable bit (FSR:SSEN).

To modify data in the upper bank, it is necessary to set FSR:SSEN to "1". While data is being written to the Flash memory,
modifying the setting of FSR:SSEN is prohibited. The setting of FSR:SSEN can only be modified before the start of program-
ming data to the Flash memory or after the completion of programming data to the Flash memory. In addition, control the
Flash memory interrupts while setting FSR:SSEN as follows: before setting FSR:SSEN, disable the Flash memory interrupts;
after setting FSR:SSEN, enable the interrupts.

Figure 20.0-1 Sample Procedure of Setting the Sector Swap Enable Bit (FSR:SSEN)

Start updating Flash data

Update data in lower bank Update data in upper bank

) Copy data
Start program operation from SA2 to SA1

Y

Set FSR:SSEN to "1"

A

Start program operation

Complete
Flash data update

Set FSR:SSEN to "0"

A
Complete
Flash data update
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m  Operation during Program/Erase

It is prohibited to program data to the Flash memory within an interrupt routine when an interrupt occurs during Flash memory
program/erase.

When two or more program/erase routines exist, wait for one program/erase routine to finish before executing another pro-
gram/erase routine.

While data is being written to or erased from the Flash memory, state transition in the current mode (clock mode or standby
mode) is prohibited. Ensure that programming data to or erasing data from the Flash memory ends before state transition
occurs.

m Register and Vector Table Addresses Related to Interrupts of Dual Operation Flash Memory

Table 20-19. Register and Vector Table Addresses Related to Interrupts of Dual Operation Flash Memory

Interrupt request Interrupt level setting register Vector table address
Interrupt source " " T
no. Register Setting bit Upper Lower
Flash memory IRQ23 ILR5 L23 FFCCy FFCDy

See "A.2 Table of Interrupt Sources" for the respective interrupt request numbers and vector table addresses of different
peripheral functions.

20.8 Flash Security

The Flash security controller function prevents contents of the Flash memory from being read by external pins.
m Flash Security

Writing protection code "014" to the Flash memory address (FFFCy) restricts access to the Flash memory, disabling any

read/write access to the Flash memory from any external pin. Once the protection of the Flash memory is enabled, the func-
tion cannot be unlocked until a chip erase command operation is executed.

It is advisable to write the protection code at the end of Flash programming to avoid enabling unnecessary protection during
writing.

Once Flash security is enabled, a chip erase operation must be executed before data can be written to the Flash memory
again.

20.9 Notes on Using Dual Operation Flash Memory
This section provides notes on using the Dual operation Flash memory.
m Restriction on Using Toggle Bit Flag (DQ6)

When using the dual-operation Flash memory (The Flash memory write control program is executed on the Flash memory),
the toggle bit flag (DQ6) cannot be used to check the operating state of the Flash memory during programming or erasing.
Therefore, use the data polling flag (DQ7) to check the internal operating state of the Flash memory after programming data
to the Flash memory or erasing data from the Flash memory as shown in the examples in Figure 20-36. and Figure 20-37..

The restriction above does not apply if the Flash memory write control program is executed on the RAM.

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A 376



21. Example of Serial Programming Connection

Embedded in Tomorrow”

This chapter describes the example of serial programming connection.
21.1 Basic Configuration of Serial Programming Connection

21.2 Example of Serial Programming Connection

21.1 Basic Configuration of Serial Programming Connection

The MB95560H/570H/580H Series supports Flash ROM serial on-board programming. This section describes the configura-
tion.

m Basic Configuration of Serial Programming Connection
The BGM adaptor MB2146-08-E, manufactured by Cypress, is used for serial onboard programming.
Figure 21-1. shows the basic configuration of serial programming connection.

Figure 21-1. Basic Configuration of Serial Programming Connection

Host interface cable

L

— BGM Adaptor 1-Line UART |  Flash Memory
[\ MB2146-08-E Product User System
==
——
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Example of Serial Programming Connection

Table 0.0-1 Pins Used for Cypress Standard Serial Onboard Programming
Pin Function Description

Vee | Power supply voltage supply pin | The write voltage (4.5 V to 5.5 V) is supplied from the user system.

Vss GND pin It is shared with the GND of the Flash microcontroller programmer.

C Capacitor connection Connect it to a decoupling capacitor and then to the ground.

RST |Reset The RST pin is pulled up to V.

The DBG pin provides 1-line UART communication with the programmer.
DBG 1-line UART Serial write mode is set if voltage is supplied to the DBG pin and the V¢ pin at

setting serial write mode

specific timings.

(For the timings, see Figure 21-2..)

o Oscillation Clock Frequency

The UART clock is provided by the internal CR clock. The UART baud rate needs to be set to 31250 bps or 62500 bps
depending on the Flash memory operation to be executed.

21.2

Example of Serial Programming Connection

The microcontroller enters the PGM mode at the following timing.
m  MCU Entering PGM mode

The microcontroller enters the PGM mode at the following timing.

The serial programmer controls the DBG pin according to V¢ input.

Figure 21-2. Timing Diagram

|
|
|
Vec H |
|
L
[
DBG H |
|
L |

Enter PGM Mode
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m  Example of Serial Programming Connection
Figure 21-3. shows an example of connection for serial writing in the Flash memory products.
The power is supplied from the programmer through the V¢ pin to the adaptor.

Figure 21-3. Example of Serial Programming Connection

MCU

IDC10 (female connector) 1

Vce
INDEX MARK —/\
A 4

Pin 9 —H

- — —— Pin 1 .
XXX X KX
XX XX X .

— Pin2 pcqg

(TOP VIEW) I

No. Name /7?7 =
UVce

Vss
RSTOUT 2
DBG

Vce

Pin 10 —

HwA v

ool IE - I \O T I

Target Board
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This chapter describes the functions and operations of the NVR interface.
22.10verview of NVR Interface

22.2Configuration of NVR Interface

22.3Registers of NVR Interface

22.4Notes on Main CR Clock Trimming

22.5Notes on Using NVR

221 Overview of NVR Interface

The NVR (Non-Volatile Register) area is a reserved area in the Flash that stores system information and option settings. After
areset, data in the NVR Flash area will be fetched and stored in registers in the NVR I/O area. In the MB95560H/570H/580H
Series, the NVR interface is used to store the following data:

m Coarse trimming value for main CR Clock (5 bits)

m Fine trimming value for main CR Clock (5 bits)

m  Watchdog Timer Selection ID (16 bits)

m  Temperature dependent adjustment value for main CR clock (5 bits)

m  Functions of NVR Interface

Functions of the NVR interface are as follows:

1. The NVR interface retrieves all data from the NVR Flash area and stores it in the registers in the NVR 1/O area after a
reset. (see Figure 22-1. and Figure 22-2.)

2. The NVR interface enables the user to know the value of the initial CR trimming setting.

3. The NVR interface enables the user to select the hardware watchdog timer or software watchdog timer by modifying the
16-bit watchdog timer selection ID (The watchdog timer selection ID cannot be modified while the CPU is running.)

Figure 22-1. shows the retrieval of NVR during a reset.
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Figure 22-1. Retrieval of NVR during Reset

OFE4H XXX010108 <

OFE5H XXX000018 <

NVR Interface OFE7H XXX10101s |«

(/O Area) OFEBH 111111118 [«

_________ OFECH | 000000008 |«
_________ FFBBH | XXX10101s
NVR FFBCH XXX010108
(Flash Area) FFBDH XXX000018
FFBEH 111111118
FFBFH 000000008

Memory Map

22.2 Configuration of NVR Interface

The NVR interface consists of the following blocks:

m  Trimming of Main CR Clock (CRTH and CRTL)

m  Watchdog Timer Selection ID (WDTH and WDTL)

m  Main CR Temperature Dependent Adjustment (CRTDA)
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m  Block Diagram of NVR Interface
Figure 22-2. Block Diagram of NVR Interface

CRTH| - | - | - | CRTH4 | CRTH3 | CRTH2 | CRTH1 | CRTHO |

| | | | s
. 4 MHz Main CR clock
» Main CR clock
oscillator

CRTL - - - | cRTL4 | CRTL3 | CRTL2 | CRTL1 | CRTLO |
> >

CRTDA - - - | CRTDA4 | CRTDA3 | CRTDA2 | CRTDA1 | CRTDAO |

WDTH | WDTH7 | WDTH6 | WDTH5 | WDTH4 | WDTH3 | WDTH2 | WDTH1 | WDTHO |

| | | | | | | |
: Watchdog timer

8
Equal to A5H ?

8
[ Equal to 97n ?

A 4

A 4

—>| Equal to 96+ ?

WDTL | WDTL7 | WDTL6 | WDTL5 | WDTL4 | WDTL3 | WDTL2 | WDTL1 | WDTLO |

22.3 Registers of NVR Interface

This section lists the registers of the NVR interface.
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m Registers of NVR Interface
Figure 22-3. Registers of NVR Interface

Main CR clock trimming register (upper) (CRTH)
Addres

s bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
OFE4y |- [- [- [CRTH4 |CRTH3 [CRTH2 |CRTH1 [CRTHO |000XXXXXg
RO/WX ~ RO/WX  ROWX  R/W RIW RIW RIW RIW

Main CR clock trimming register (lower) (CRTL)

Addres  witz bt bits  bitd  bitd  bit2  bitl bito Initial value
OFE5, |- [- [- [CRTL4 |CRTL3 |CRTL2 [CRTL1 |CRTLO |000XXXXXg
ROWX  ROWX  ROWX  RW RIW RIW RIW RIW

Main CR clock temperature dependent adjustment register (CRTDA)

Addres  pit7 bt bits  bitd  bit3 btz bitt  bit0 Initial value
OFE7y |- [- [- [CRTDA4 |CRTDA3 [CRTDA2 |CRTDA1 [CRTDAO |000XXXXXg
RO/WX  RO/WX  ROWX  RW RIW RIW RIW RIW

Watchdog timer selection ID register (upper) (WDTH)
Ad:’es bit7 bit6 bit5 bita bit3 bit2 bit1 bit0 Initial value

OFEBy |WDTH7 |WDTH6 [WDTH5 |WDTH4 [WDTH3 |WDTH2 [WDTH1 |WDTHO |XXXXXXXXg
RIWX RIWX RIWX RIWX RIWX RIWX RIWX RIWX

Watchdog timer selection ID register (lower) (WDTL)
Ad:’es bit7 bit6 bit5 bita bit3 bit2 bit1 bit0 Initial value

OFECy |WDTL7 |WDTL6 [WDTL5 |WDTL4 [WDTL3 |WDTL2 [WDTL1 |[WDTLO | XXXXXXXXg
RIWX RIWX RIWX RIWX RIWX RIWX RIWX RIWX

R/W : Readable/writable (The read value is the same as the write value.)
R/WX : Read only (Readable. Writing a value to this bit has no effect on operation.)

PONAIY » Tha road valiia ic alwave "N" iritina 2 valiia tn thic hit hac nn affacrt Aan Aanaratinan

22.3.1  Main CR Clock Trimming Register (Upper) (CRTH)
Figure 22-4. shows the main CR clock trimming register (upper) (CRTH).
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Figure 22-4. Main CR Clock Trimming Register (Upper) (CRTH)
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Address bit7 bit6 bits bit4 bit3 bit2 bit1 bit0 Initial value
OFE4H CRTH4 CRTH3 CRTH2 CRTH1 CRTHO | 000XXXXXs
RO/WX RO/WX RO/WX R/W R/W R/W R/W R/W
CRTHI4:0] [ Main CR clock coarse trimming bits
000008 The main CR clock is tuned to the highest frequency.
111118 The main CR clock is tuned to the lowest frequency.
> Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
> Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
> Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.
R/W : Readable/writable (The read value is the same as the write value.)
RO/WX 1 The read value is always “0”. Writing a value to this bit has no effect on operation.
1 Undefined bit
X : Indeterminate

Table 22-1. Functions of Bits in Main CR Clock Trimming Register (Upper) (CRTH)

Bit name Function
E:g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
These bits are loaded from the Flash address FFBCy (bit4 to bit0) after a reset. Their initial
values are determined by the pre-loaded values in the NVR Flash area.
Coarse trimming modifies the main CR clock frequency with a bigger step. Increasing the
coarse trimming value can decrease the main CR clock frequency. See the table below.
it to CRTH4 to CRTHO: CRTH [4:0] . Main CR clock frequency
: Main CR coarse trim- 00000g Highest
bit0 ¢ A
ming bits : .
11111 Lowest
See "22.4 Notes on Main CR Clock Trimming" and "22.5 Notes on Using NVR" for details of
main CR clock trimming and notes on changing the main CR clock values respectively.
22.3.2 Main CR Clock Trimming Register (Lower) (CRTL)

Figure 22-5. shows the main CR clock trimming register (lower) (CRTL).
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m  Main CR Clock Trimming Register (Lower) (CRTL)
Figure 22-5. Main CR Clock Trimming Register (Lower) (CRTL)

Address bit7 bit6 bits bit4 bit3 bit2 bit1 bit0 Initial value
OFES5H - - - CRTL4 CRTL3 CRTL2 CRTL1 CRTLO | 000XXXXXs
RO/WX RO/WX RO/WX R/W R/W R/W R/W R/W

|

CRTL[4:0] | Main CR clock fine trimming bits
000008 The main CR clock is tuned to the highest frequency.

111118 The main CR clock is tuned to the lowest frequency.

\

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

\

Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

> Undefined bit
The read value is always “0”. Writing a value to this bit has no effect on operation.

R/W . Readable/writable (The read value is the same as the write value.)

RO/WX . The read value is always “0”. Writing a value to this bit has no effect on operation.
: Undefined bit

X : Indeterminate

Table 22-2. Functions of Bits in Main CR Clock Trimming Register (Lower) (CRTL)

Bit Name Function

E:g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
These bits are loaded from the Flash address FFBDy (bit4 to bit0) after a reset. Their initial
values are determined by the pre-load values in the NVR Flash area.
Fine trimming modifies the main CR clock frequency with a smaller step.
Increasing the fine trimming value can decrease the main CR clock frequency.

) CRTL4 to CRTLO: CRTL[4:0] Main CR clock frequency
bitt to Main CR fine trimming 00000 Highest
bit0 h B
bits B .
11111 Lowest

See "22.4 Notes on Main CR Clock Trimming" and "22.5 Notes on Using NVR" for details of
main CR clock trimming and notes on changing the main CR clock values respectively.

22.3.3  Main CR Clock Temperature Dependent Adjustment Register (CRTDA)
Figure 22-6. shows the main CR clock temperature dependent adjustment register (CRTDA).
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m  Main CR Clock Temperature Dependent Adjustment Register (CRTDA)

Figure 22-6. Main CR Clock Temperature Dependent Adjustment Register (CRTDA)

Address

bit7

bité bit5

bit4 bit3 bit2 bit1 bit0 Initial value

OFE7H

- - CRTDA4 CRTDA3 CRTDA2 CRTDA1 CRTDAO | 000XXXXXs

R/W
RO/WX

RO/WX RO/WX RO/WX

|

R/W R/W R/W R/W R/W

|—> CRTDA[4:0]

Main CR clock temperature dependent adjustment bits

000008

The main CR clock is tuned to the highest frequency.

111118

The main CR clock is tuned to the lowest frequency.

\

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

\

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

\

Undefined bit

The read value is always “0”. Writing a value to this bit has no effect on operation.

. Readable/writable (The read value

. The read value is always “0”. Writing a value to this bit has no effect on operation.

: Undefined bit

is the same as the write value.)

387

MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



£ CYPRESS

Embedded in Tomorrow™

Non-Volatile Register Function (NVR)

Table 22-3. Functions of Bits in Main CR Clock Temperature Dependent Adjustment Register (CRTDA)

Bit Name Function
g:g to Undefined bits Their read values are always "0". Writing values to these bits has no effect on operation.
These bits are loaded from the Flash address FFBB, (bit4 to bit0) after a reset. Their initial
values are determined by the pre-load values in the NVR Flash area.
Temperature dependent adjustment maintains the accuracy of the main CR output fre-
quency within a temperature range. It works in combination with the coarse trimming settings
in the CRTH register and the fine trimming settings in the CRTL register. In addition, increas-
ing the value of the CRTDA register will decrease the main the main CR clock frequency.
CRTDA4 to CRTDAO:
bit4 to | Main CR clock temper- CRTDA[4:0] Main CR clock frequency
bit0 ature dependent i
adjustment bits 000008 Highest
11111 Lowest
See "22.4 Notes on Main CR Clock Trimming" and "22.5 Notes on Using NVR" for details of
main CR clock trimming and notes on changing the main CR clock values respectively.
22.3.4  Watchdog Timer Selection ID Registers (WDTH,WDTL)

Figure 22-7. shows watchdog timer selection ID registers (WDTH, WDTL).
m  Watchdog Timer Selection ID Registers (WDTH, WDTL)

Figure 22-7. Watchdog Timer Selection ID Registers (WDTH,WDTL)

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
WDTH OFEBH WDTH7 WDTH6 WDTH5 WDTH4 WDTH3 WDTH2 WDTH1 WDTHO [ XXXXXXXX8B
R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX
Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
WDTL OFECH WDTL7 WDTL6 WDTL5 WDTL4 WDTL3 WDTL2 WDTL1 WDTLO [ XXXXXXXXB
R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX
» WDTH[7:0], WDTL[7:0] Watchdog Timer Selection ID
A596H The hardware watchdog timer is disabled.

The hardware watchdog timer is enabled except in standby mode (stop mode,

AS97x sleep mode, time-base mode and watch mode).

Other than the above | The hardware watchdog timer is enabled in every mode.

R/WX

: Read only (Readable. Writing a value to it has no effect on operation.)
: Indeterminate
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Table 22-4. Functions of Bits in Watchdog Timer Selection ID Register (Upper) (WDTH)

Bit name Function
These bits are loaded from the Flash address FFBEy (bit7 to bit0) after a reset. The initial
bit7 WDTH7 to WDTHO: values are determined by the pre-loaded values in the NVR Flash area.
to Watchdog timer This register cannot be modified while the CPU is running.
bitd | selection ID (upper) See Table 22-6. for watchdog timer selection.
See "22.5 Notes on Using NVR" for notes on writing NVR values.

Table 22-5. Functions of Bits in Watchdog Timer Selection ID Register (Lower) (WDTL)

Bit name Function
These bits are loaded from the Flash address FFBF (bit7 to bit0) after a reset. The initial
bit7 | WDTL7 to WDTLO: values are determined by the pre-loaded values in the NVR Flash area.
to Watchdog timer This register cannot be modified while the CPU is running.
bitd | selection ID (lower) See Table 22-6. for Watchdog Timer Selection.
See "22.5 Notes on Using NVR" for notes on writing NVR values.

Table 22-6. Watchdog Timer Selection ID

WDTH[7:0], WDTL[7:0] Function
A596 The hardware watchdog timer is disabled; the software watchdog timer is enabled.

The hardware watchdog timer is enabled; the software watchdog timer is disabled. The hard-
A597 ware watchdog timer can be stopped in all standby modes (stop mode, sleep mode, time-
base timer mode and watch mode).

The hardware watchdog timer is enabled; the software watchdog timer is disabled. The hard-
Other than the above ware watchdog timer keeps operating in all standby modes (stop mode, sleep mode, time-
base timer mode and watch mode).

22.4 Notes on Main CR Clock Trimming

This section provides notes on main CR clock trimming.

After a hardware reset, the 10-bit main CR clock trimming value and the 5-bit temperature dependent adjustment value will be
loaded from the NVR Flash area to registers in the NVR 1/O area.

Table 22-7. shows the step size of main CR clock trimming.

Table 22-7. Step Size of Main CR Clock Trimming

. Coarse trimming value Fine trimming value
Function
CRTH[4:0] CRTL[4:0]
To achieve minimum frequency 11111g 11111
To achieve maximum frequency 00000g 00000g
Step Size 220 kHz to 300 kHz 14 kHz to 20 kHz
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The relationship between main CR clock frequency and trimming step size is shown in the diagram below.

Figure 22-8. Relationship between Main CR Clock Frequency and Trimming Step Size (with CRTDA[4:0] = 10000g)
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22.5 Notes on Using NVR

This section provides notes on using NVR.
m  Note on Changing Main CR Frequency
Please note that the NVR interface does not program a modified value to the NVR Flash area. To modify the CRTH, CRTL
and CRTDA registers, program their new values to the NVR Flash with the Flash writer.
m Note on Flash Erase and Trimming Value
1. A Flash erase operation will erase all NVR data.

The Flash writer carries out the following procedure to keep original system settings.

(1) Make a backup of data in CRTH:CRTH[4:0], CRTL:CRTL[4:0] and CRTDA:CRTDA[4:0].

(2) Erase the Flash.
(3) Restore all data in CRTH:CRTH[4:0], CRTL:CRTL[4:0] and CRTDA:CRTDA[4:0] to the NVR Flash area.
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If there is new data in CRTH:CRTH[4:0], CRTL:CRTL[4:0] and CRTDA:CRTDA[4:0], the Flash writer will program the new
data to the NVR Flash area.

The trimming value has been preset before this device is shipped. If the preset trimming value is modified after the device

has been shipped, Cypress does not warrant proper operation of the device with respect to use based on the modified
trimming value.

If the Flash operation is performed by the user program code, the original trimming data should also be restored to the

NVR Flash area by the user program code. Otherwise, the trimming value, which has been preset before this device is
shipped, is erased by the Flash erase operation.

391 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



Non-Volatile Register Function (NVR)

Embedded in Tomorrow

392 MB95560H/570H/580H Series Hardware Manual, Doc. # 002-05462 Rev *A



23. Clock & Reset System Configuration

CYPRESS

Embedded in Tomorrow”

This chapter describes the functions and operations of the clock & reset system configuration controller (called the "controller"
in this chapter).

23.10verview of System Configuration Register (SYSC)
23.2System Configuration Register (SYSC)
23.3Notes on Using Controller

23.1 Overview of System Configuration Register (SYSC)

The controller consists of the system configuration register (SYSC), which is an 8-bit (bit2 not used) register used to configure
the clock and reset system.

m Functions of SYSC

o Selection of the general purpose I/O port/reset function for the PF2/RST pin
Enabling/disabling reset output for the RST pin
Selection of the general purpose 1/O port/oscillation function for the PG1/X0A pin and that for the PG2/X1A pin
Selection of the general purpose I/O port/oscillation function for the PF0/X0 pin and that for the PF1/X1 pin
Selection of the ECO input pin as the external count clock input pin for the 8/16-bit composite timer

o o o o

23.2 System Configuration Register (SYSC)

This section provides details of the system configuration register.
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m System Configuration Register (SYSC)

Figure 23-1. System Configuration Register (SYSC)

Clock & Reset System Configuration Controller

Address bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 Initial value
OFE8H PGSEL PFSEL Reserved Reserved ECOSL - RSTOE RSTEN 11000011
R/W R/W R/WO R/WO R/W RO/WX R/W R/W
|—> RSTEN PF2 function select bit
0 Enables the general-purpose I/O port function of the PF2/RST pin.
1 Enables the reset input function of the PF2/RST pin.
» RSTOE Reset output enable/disable bit
0 Disables the reset output function of the PF2/RST pin.
1 Enables the reset output function of the PF2/RST pin.
> Undefined bit
The read value is always “0”. Writing a value to it has no effect on operation.
» ECOSL ECO clock select bit
0 Selects the P12/ECO pin as the external count clock input pin.
1 Selects the P04/ECO pin as the external count clock input pin.
»| Reserved Reserved bit
0 Always set this bit to “0”.
| Reserved Reserved bit
0 Always set this bit to “0”.
» PFSEL PF0 and PF1 function select bit
0 Selects the PFO and PF1 pins as main clock oscillator pins.
1 Selects the PFO and PF1 pins as general-purpose I/O ports.
» PGSEL PG1 and PG2 function select bit
0 Selects the PG1 and PG2 pins as subclock oscillator pins.
1 Selects the PG1 and PG2 pins as general-purpose I/O ports.
R/W : Readable/writable (The read value is the same as the write value.)
R/WO0 : The write value is “0”. The read value is the same as the write value.
RO/WX : The read value is always “0”. Writing a value to it has no effect on operation.
- : Undefined bit
: Initial value
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Table 23-1. Functions of Bits in SYSC Register

Bit name Function
This bit is used to select the function of the PG1 and PG2 pins.
PGSEL: If this bit is set to "0", the PG1 and PG2 pins are selected as subclock oscillator pins, and
bit7 PG1 and PG2 the subclock oscillation is enabled or disabled by the subclock oscillation enable bit
function select bit (SYCC2:SOSCE).

If this bit is set to "1", the PG1 and PG2 pins are selected as general-purpose 1/O ports.

This bit is used to select the function of the PF0 and PF1 pins.

PFSEL: If this bit is set to "0", the PFO and PF1 pins are selected as the main clock oscillator pins,
bit6 PFO and PF1 and the main clock oscillation is enabled or disabled by the main clock oscillation enable bit
function select bit (SYCC2:MOSCE).
If this bit is set to "1", the PFO and PF1 pins are selected as the general-purpose 1/O port.
bits, | . Al h . ney
bitd eserved bits ways set these bits to "0".
This bit is used to select the ECO input pin to be the external count clock input pin of the 8/
ECOSL: 16-bit composite timer. (To use the ECO input function, the corresponding register bit in the
bit3 : ) 8/16-bit composite timer must be enabled. See "14. 8/16-Bit Composite Timer" for details.)
ECO clock select bit If this bit is set to "0", the P12/ECO pin is selected as the external count clock input pin.
If this bit is set to "1", the PO4/ECO pin is selected as the external count clock input pin.
bit2 Undefined bit The read value is always "0". Writing a value to this bit has no effect on operation.

This bit is used to enable and disable the reset output function of the PF2/RST pin with the
] reset input function enabled. If the reset input function is disabled according to the setting of
RSTOE: SYSC:RSTEN, the reset output function is disabled regardless of the setting of this bit.

bit1 R,ese} outputenable/ | See the reset input enable/disable bit (SYSC:RSTEN) of this register.
disable bit If this bit is set to "0", the reset output function of the PF2/RST pin is disabled.
If this bit is set to "1", the reset output function of the PF2/RST pin is enabled.

This bit is used to enable and disable the reset input function of the PF2/RST pin. The reset
input function is always enabled in MB95F562H/F563H/F564H/F572H/F573H/F574H/
F582H/F583H/F584H regardless of the setting of this bit.

RSTEN: If this bit is set to "0", the reset input function of the PF2/RST pin is disabled, and the gen-

bit0 PF2 function select bit | eral-purpose I/O port function is enabled.
If this bit is set to "1", the reset input function of the PF2/RST pin is enabled, and the gen-
eral-purpose 1/O port function is disabled.
Set bit2 in the PDRF register to "1" before modifying this bit.
Note:

To keep the reset input/output function after the reset, SYSC:RSTEN and SYSC:RSTOE are initialized to "1" after the power
is switched on. They will not be initialized by any other type of reset.

If the reset input/output functions have to be used in the system, it is strongly recommended that SYSC:RSTEN be initialized
to "1" in the initialize program routine after a reset for stable operation. With the reset input/output functions having been
enabled, all types of reset, including the watchdog reset, can be used.

23.3 Notes on Using Controller

This section provides notes on using the controller.
m  Notes on Using Controller
a  Settings for pins X0, X0A, X1 and X1A

To use pins X0 and X1 as main oscillation clock pins, set SYSC:PFSEL to "0".
To use pins X0A and X1A as sub-oscillation clock pins, set SYSC:PGSEL to "0".
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A. Appendix

Embedded in Tomorrow”

This section shows the I/O map, interrupt list, memory map, pin states and mask options.

A.11/0 Map

A.2Table of Interrupt Sources

A.3Memory Maps

A.4Pin States

A.5Instruction Overview

A.10Mask Options

A1 I/10 Map

This section shows the /0O map used in the MB95560H/570H/580H Series.

m /0 Map

Table 1-1. 1/0 Map (MB95560H Series) (Sheet 1 of 4)

Register . o0
Address abbreviation Register name R/W | Initial value
0000 PDRO Port 0 data register R/W 000000005
0001y DDRO Port 0 direction register R/W 000000005
0002 PDR1 Port 1 data register R/W 00000000
00034 DDR1 Port 1 direction register R/W 000000005
0004y — (Disabled) — —
0005y WATR Oscillation stabilization wait time setting register R/W 11111111
0006y PLLC PLL control register R/W 000X0000g
0007y SyccC System clock control register R/W XXX11011g
0008y STBC Standby control register R/W 000000005
0009y RSRR Reset source register R/W | 000XXXXXg
000Ay TBTC Time-base timer control register R/W 000000005
000By WPCR Watch prescaler control register R/W 000000005
000CH WDTC Watchdog timer control register R/W 00XX0000g
000Dy SYCC2 System clock control register 2 R/W XXXX0011g
000Ey STBC2 Standby control register 2 R/W 000000005
000F
to — (Disabled) — —

0015y
0016y PDR6 Port 6 data register R/W 00000000g
0017y DDR6 Port 6 direction register R/W 000000005
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Table 1-1. 1/O Map (MB95560H Series) (Sheet 2 of 4)

Address ab%?g\i/?;?i:)n Register name R/W | Initial value

0018y

to — (Disabled) — —
0027,
0028 PDRF Port F data register R/W 000000005
0029 DDRF Port F direction register R/W 000000005
002Ay PDRG Port G data register R/W 000000005
002By DDRG Port G direction register R/W 000000005
002Cy, PULO Port 0 pull-up register R/W | 00000000g
002Dy,

to — (Disabled) — —
0032,
0033y PUL6 Port 6 pull-up register R/W 000000005
0034y, — (Disabled) — —
0035y PULG Port G pull-up register R/W 00000000g
0036y TO1CR1 8/16-bit composite timer 01 status control register 1 R/W 00000000g
0037y TOOCR1 8/16-bit composite timer 00 status control register 1 R/W 000000005
0038y T11CR1 8/16-bit composite timer 11 status control register 1 R/W 000000005
0039y T10CR1 8/16-bit composite timer 10 status control register 1 R/W 000000005
003A4

to — (Disabled) — —
0048y,
0049y EIC10 External interrupt circuit control register ch. 2/ch. 3 R/W 00000000
004Ay EIC20 External interrupt circuit control register ch. 4/ch. 5 R/W 000000005
004By EIC30 External interrupt circuit control register ch. 6/ch. 7 R/W 00000000
004Cy,, .
004Dy, — (Disabled) — —
004Ey LVDR LVD reset voltage selection ID register R/W 00000000y
004Fy — (Disabled) — —
00504 SCR LIN-UART serial control register R/W 000000005
00514 SMR LIN-UART serial mode register R/W 000000005
0052y SSR LIN-UART serial status register R/W 000010005
0053, RDR LIN-UART receive data register R/W 00000000

TDR LIN-UART transmit data register R/W 00000000g

0054y ESCR LIN-UART extended status control register R/W 000001005
0055y ECCR LIN-UART extended communication control register R/W 000000XXg
0056

to — (Disabled) — —
006By
006CH ADCA1 8/10-bit A/D converter control register 1 R/W 00000000g
006Dy ADC2 8/10-bit A/D converter control register 2 R/W 000000005
006EH ADDH 8/10-bit A/D converter data register (upper) R/W 000000005
006FH ADDL 8/10-bit A/D converter data register (lower) R/W 000000005
00704 — (Disabled) — —
0071y FSR2 Flash memory status register 2 R/W 000000005
0072y FSR Flash memory status register R/W 000X0000g
0073y SWREO Flash memory sector write control register 0 R/W 000000005
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Table 1-1. 1/0 Map (MB95560H Series) (Sheet 3 of 4)

Address ab%?g\i/?;‘taizn Register name R/W | Initial value
0074y FSR3 Flash memory status register 3 R 000XXXXXg
0075y FSR4 Flash memory status register 4 R/W 00000000g
0076y WREN Wild register address compare enable register R/W 000000005
0077y WROR Wild register data test setting register R/W 00000000g
0078y — Mirror of register bank pointer (RP) and direct bank pointer (DP) — —
0079y ILRO Interrupt level setting register 0 R/W 11111111
007Ay ILR1 Interrupt level setting register 1 R/W 111111115
007By ILR2 Interrupt level setting register 2 R/W 11111111
007Cy ILR3 Interrupt level setting register 3 R/W 11111111
007Dy ILR4 Interrupt level setting register 4 R/W 11111111
007Ey ILR5 Interrupt level setting register 5 R/W 11111111
007Fy — (Disabled) — —
OF80y WRARHO Wild register address setting register (upper) ch. 0 R/W 000000005
OF81y WRARLO Wild register address setting register (lower) ch. 0 R/W 000000005
O0F82y WRDRO Wild register data setting register ch. 0 R/W 000000005
OF83H WRARH1 Wild register address setting register (upper) ch. 1 R/W 00000000g
OF84y WRARL1 Wild register address setting register (lower) ch. 1 R/W 000000005
OF85y WRDR1 Wild register data setting register ch. 1 R/W 00000000g
OF86y WRARH2 Wild register address setting register (upper) ch. 2 R/W 000000005
OF87y WRARL2 Wild register address setting register (lower) ch. 2 R/W 000000005
OF88y WRDR2 Wild register data setting register ch. 2 R/W 000000005
OF89,

to — (Disabled) — —
OF91y
0F92y TO1CRO 8/16-bit composite timer 01 status control register 0 R/W 000000005
OF93y TOOCRO 8/16-bit composite timer 00 status control register 0 R/W 00000000g
0F94y TO1DR 8/16-bit composite timer 01 data register R/W 00000000g
OF95y TOODR 8/16-bit composite timer 00 data register R/W 000000005
O0F96y TMCRO 8/16-bit composite timer 00/01 timer mode control register R/W 000000005
OF97y T11CRO 8/16-bit composite timer 11 status control register 0 R/W 000000005
OF98y T10CRO 8/16-bit composite timer 10 status control register 0 R/W 00000000g
OF99y T11DR 8/16-bit composite timer 11 data register R/wW 00000000g
OF9AY T10DR 8/16-bit composite timer 10 data register R/W 00000000g
OF9By TMCR1 8/16-bit composite timer 10/11 timer mode control register R/W 00000000
0F9CH

to — (Disabled) — —
OFBBy
OFBCH BGR1 LIN-UART baud rate generator register 1 R/W 00000000g
OFBDy BGRO LIN-UART baud rate generator register 0 R/W 000000005
OFBE

to — (Disabled) — —
OFC2y
OFC3y AIDRL A/D input disable register (lower) R/W 000000005
OFC4,

to — (Disabled) — —
OFE3y
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Table 1-1. 1/O Map (MB95560H Series) (Sheet 4 of 4)

Address ab%?g\i/?;?iron Register name R/W | Initial value
OFE4y CRTH Main CR clock trimming register (upper) R/W 000XXXXXg
OFE5y CRTL Main CR clock trimming register (lower) R/W 000XXXXXg
OFE6y — (Disabled) — —
OFE7H CRTDA Main CR clock temperature dependent adjustment register R/W 000XXXXXg
OFE8y SYSC System configuration register R/W 110000115
OFE9y CMCR Clock monitoring control register R/W 000000005
OFEAY CMDR Clock monitoring data register R 000000005
OFEBy WDTH Watchdog timer selection ID register (upper) R XXXXXXXXg
OFECH WDTL Watchdog timer selection ID register (lower) R XXXXXXXXg
OFEDy

to — (Disabled) — —
OFFFy
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m R/W access symbols
R/W  : Readable / Writable

R : Read only
W : Write only

m Initial value symbols
0 : The initial value of this bit is "0".

1 : The initial value of this bit is "1".

X : The initial value of this bit is undefined.

Note:

Do not write to an address that is "(Disabled)". If a "(Disabled)" address is read, an undefined value is returned.
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Table 1-2. 1/0O Map (MB95570H Series) (Sheet 1 of 3)

Address ab%?g\il?;:ign Register name R/W | Initial value
0000y PDRO Port 0 data register R/W 000000005
0001y DDRO Port 0 direction register R/W 000000005
00024 PDR1 Port 1 data register R/W 000000005
0003y DDR1 Port 1 direction register R/W 000000005
0004 — (Disabled) — —
0005y WATR Oscillation stabilization wait time setting register R/W 11111111
0006 PLLC PLL control register R/wW 000X0000g
0007y sycc System clock control register R/W XXX11011g
00084 STBC Standby control register R/W 000000005
0009y RSRR Reset source register R/W | 000XXXXXg
000Ay TBTC Time-base timer control register R/W 000000005
000By WPCR Watch prescaler control register R/W 000000005
000Cy WDTC Watchdog timer control register R/W 00XX0000g
000Dy Sycc2 System clock control register 2 R/W XXXX0011g
000Ey STBC2 Standby control register 2 R/W 000000005
000F,

to — (Disabled) — —
00274,
0028 PDRF Port F data register R/W 000000005
0029 DDRF Port F direction register R/W 000000005
002A,, ,
0028, — (Disabled) — —
002Cy PULO Port 0 pull-up register R/W 000000005
002Dy

to — (Disabled) — —
0035,
0036y TO1CR1 8/16-bit composite timer 01 status control register 1 R/W 000000005
00374 TOOCR1 8/16-bit composite timer 00 status control register 1 R/W 00000000g
0038y,

to — (Disabled) — —
0049,
004Ay EIC20 External interrupt circuit control register ch. 4/ch. 5 R/W 000000005
004By EIC30 External interrupt circuit control register ch. 6/ch. 7 R/W 00000000g
004Cy;, _
004Dy, — (Disabled) — —
004Ey LVDR LVD reset voltage selection ID register R/W 000000005
004F,

to — (Disabled) — —
006By
006CH ADCA1 8/10-bit A/D converter control register 1 R/W 00000000g
006Dy ADC2 8/10-bit A/D converter control register 2 R/W 000000005
006Ey ADDH 8/10-bit A/D converter data register (upper) R/W 000000005
006FH ADDL 8/10-bit A/D converter data register (lower) R/W 000000005
00704 — (Disabled) — —
00714 FSR2 Flash memory status register 2 R/W 000000005
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Table 1-2. 1/0 Map (MB95570H Series) (Sheet 2 of 3)

Address ab%?g\i/?;‘taizn Register name R/W | Initial value
0072y FSR Flash memory status register R/W 000X0000g
00734 SWREOQ Flash memory sector write control register 0 R/W 00000000g
0074y FSR3 Flash memory status register 3 R 000XXXXXp
0075y FSR4 Flash memory status register 4 R/W 000000005
0076y WREN Wild register address compare enable register R/W 000000005
0077y WROR Wild register data test setting register R/W 000000005
0078y — Mirror of register bank pointer (RP) and direct bank pointer (DP) — —
0079y ILRO Interrupt level setting register 0 R/W 11111111
007Ay ILR1 Interrupt level setting register 1 R/W 11111111
007By, ,
007Cy, — (Disabled) — —
007Dy ILR4 Interrupt level setting register 4 R/W 11111111
007Ey ILR5 Interrupt level setting register 5 R/W 11111111
007Fy — (Disabled) — —
OF80y WRARHO | Wild register address setting register (upper) ch. 0 R/W 000000005
OF81y WRARLO Wild register address setting register (lower) ch. 0 R/W 000000005
O0F82y WRDRO Wild register data setting register ch. 0 R/W 000000005
OF83y WRARH1 Wild register address setting register (upper) ch. 1 R/W 00000000g
OF84y WRARL1 Wild register address setting register (lower) ch. 1 R/W 000000005
OF85y WRDR1 Wild register data setting register ch. 1 R/W 00000000g
OF86H WRARH2 Wild register address setting register (upper) ch. 2 R/W 00000000g
OF87y WRARL2 Wild register address setting register (lower) ch. 2 R/W 000000005
OF88y WRDR2 Wild register data setting register ch. 2 R/W 000000005
0F89y,

to — (Disabled) — —
OF91y
0F92y TO1CRO 8/16-bit composite timer 01 status control register 0 R/W 000000005
0F93 TOOCRO 8/16-bit composite timer 00 status control register 0 R/W 00000000g
OF94y TO1DR 8/16-bit composite timer 01 data register R/W 00000000g
OF95 TOODR 8/16-bit composite timer 00 data register R/W 00000000g
OF96y TMCRO 8/16-bit composite timer 00/01 timer mode control register R/W 000000005
OF974

to — (Disabled) — —
OFC2y
OFC3y AIDRL A/D input disable register (lower) R/W 00000000g
OFC4y,

to — (Disabled) — —
OFE3,
OFE4y CRTH Main CR clock trimming register (upper) R/W 000XXXXXg
OFES5y CRTL Main CR clock trimming register (lower) R/W 000XXXXXg
OFE6y _ (Disabled) — —
OFE7y CRTDA Main CR clock temperature dependent adjustment register R/W | 000XXXXXg
OFE8y SYSC System configuration register R/W 11000011g
OFEQy CMCR Clock monitoring control register R/W 000000005
OFEAY CMDR Clock monitoring data register R 000000005
OFEBy WDTH Watchdog timer selection ID register (upper) R XXXXXXXXg
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Table 1-2. 1/0 Map (MB95570H Series) (Sheet 3 of 3)

Address ab%?g\lr?;?iron Register name R/W | Initial value
OFECH WDTL Watchdog timer selection ID register (lower) R XXXXXXXXpg
OFEDy

to — (Disabled) — —
OFFFy

m R/W access symbols
R/W  :Readable / Writable

R : Read only
W : Write only

m Initial value symbols
0 : Theinitial value of this bit is "0".

1 : The initial value of this bit is "1".

X : Theinitial value of this bit is undefined.

Note:

Do not write to an address that is "(Disabled)". If a "(Disabled)" address is read, an undefined value is returned.
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Table 1-3. 1/0 Map (MB95580H Series) (Sheet 1 of 3)

Address ab%?g\i/?;?ign Register name R/W | Initial value
0000y PDRO Port 0 data register R/W 00000000g
0001y DDRO Port 0 direction register R/W 000000005
0002 PDR1 Port 1 data register R/W 000000005
0003y DDR1 Port 1 direction register R/W 000000005
0004y — (Disabled) — _
0005y WATR Oscillation stabilization wait time setting register R/W 11111111
0006y PLLC PLL control register R/W 000X0000g
0007y SyccC System clock control register R/W XXX11011g
0008y STBC Standby control register R/W 000000005
0009y RSRR Reset source register R/W | 000XXXXXg
000AH TBTC Time-base timer control register R/W 000000005
000By WPCR Watch prescaler control register R/W 000000005
000Cy WDTC Watchdog timer control register R/W 00XX0000g
000Dy sycc2 System clock control register 2 R/W XXXX0011g
000Ey STBC2 Standby control register 2 R/W 000000005
000F,

to — (Disabled) — —
0027,
0028 PDRF Port F data register R/W 000000005
0029y DDRF Port F direction register R/W 000000005
002A4 PDRG Port G data register R/W 000000005
002By DDRG Port G direction register R/W 00000000
002CH PULO Port O pull-up register R/W 00000000g
002Dy,

to — (Disabled) — —
0034
00354 PULG Port G pull-up register R/W 000000005
0036y TO1CR1 8/16-bit composite timer 01 status control register 1 R/W 00000000g
0037y TOOCR1 8/16-bit composite timer 00 status control register 1 R/W 000000005
0038,

to — (Disabled) — —
0048,
0049y EIC10 External interrupt circuit control register ch. 2/ch. 3 R/W 000000005
004Ay EIC20 External interrupt circuit control register ch. 4/ch. 5 R/W 000000005
004By EIC30 External interrupt circuit control register ch. 6/ch. 7 R/W 000000005
004Cy, .
004Dy, — (Disabled) — —
004Ey LVDR LVD reset voltage selection ID register R/W 000000005
004Fy — (Disabled) — —
00504 SCR LIN-UART serial control register R/W 00000000g
0051y SMR LIN-UART serial mode register R/W 000000005
0052y SSR LIN-UART serial status register R/W 00001000g
0053, RDR LIN-UART receive data register R/W 00000000

TDR LIN-UART transmit data register R/W 00000000g

0054 ESCR LIN-UART extended status control register R/W 00000100g
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Table 1-3. 1/0 Map (MB95580H Series) (Sheet 2 of 3)

Address ab%?g\i/?;?i:)n Register name R/W | Initial value
0055y ECCR LIN-UART extended communication control register R/W 000000XXg
0056,

to — (Disabled) — —
006By
006CyH ADCA1 8/10-bit A/D converter control register 1 R/W 000000005
006Dy ADC2 8/10-bit A/D converter control register 2 R/W 000000005
006Ey ADDH 8/10-bit A/D converter data register (upper) R/W 000000005
006F ADDL 8/10-bit A/D converter data register (lower) R/W 000000005
0070y — (Disabled) — —
0071y FSR2 Flash memory status register 2 R/W 000000005
0072y FSR Flash memory status register R/W 000X0000g
0073y SWREO Flash memory sector write control register 0 R/W 000000005
0074y FSR3 Flash memory status register 3 R 000XXXXXg
0075y FSR4 Flash memory status register 4 R/W 000000005
00764 WREN Wild register address compare enable register R/W 00000000g
0077y WROR Wild register data test setting register R/W 000000005
0078y — Mirror of register bank pointer (RP) and direct bank pointer (DP) — —
0079y ILRO Interrupt level setting register 0 R/W 11111111
007Ay ILR1 Interrupt level setting register 1 R/W 11111111
007By ILR2 Interrupt level setting register 2 R/W 11111111
007Cy, — (Disabled) — —
007Dy ILR4 Interrupt level setting register 4 R/W 11111111
007Ey ILR5 Interrupt level setting register 5 R/W 11111111
007Fy — (Disabled) — —
OF80y WRARHO0 Wild register address setting register (upper) ch. 0 R/W 00000000y
OF81y WRARLO Wild register address setting register (lower) ch. 0 R/W 000000005
O0F82y, WRDRO Wild register data setting register ch. 0 R/W 000000005
OF83y WRARH1 Wild register address setting register (upper) ch. 1 R/W 000000005
OF84y WRARL1 Wild register address setting register (lower) ch. 1 R/W 000000005
OF85y WRDR1 Wild register data setting register ch. 1 R/W 00000000
OF86H WRARH2 Wild register address setting register (upper) ch. 2 R/W 00000000
OF87y WRARL2 Wild register address setting register (lower) ch. 2 R/W 000000005
OF88y WRDR2 Wild register data setting register ch. 2 R/W 00000000y
0F89y

to — (Disabled) — —
0F91y
0F92, TO01CRO 8/16-bit composite timer 01 status control register 0 R/W 000000005
0F93y TOOCRO 8/16-bit composite timer 00 status control register 0 R/W 00000000g
0F94y TO1DR 8/16-bit composite timer 01 data register R/W 000000005
OF95, TOODR 8/16-bit composite timer 00 data register R/W 000000005
O0F964 TMCRO 8/16-bit composite timer 00/01 timer mode control register R/W 000000005
0F97y,

to — (Disabled) — —
OFBB
OFBCH BGR1 LIN-UART baud rate generator register 1 R/W 00000000g
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Table 1-3. 1/0 Map (MB95580H Series) (Sheet 3 of 3)

Address ab%?g\ll?;?il;)n Register name R/W | Initial value
OFBDy BGRO LIN-UART baud rate generator register 0 R/W 000000005
OFBE

to — (Disabled) — —
OFC2y
OFC3y AIDRL A/D input disable register (lower) R/W 000000005
OFC4y,

to — (Disabled) — —
OFE3,
OFE4y CRTH Main CR clock trimming register (upper) R/W 000XXXXXg
OFESy CRTL Main CR clock trimming register (lower) R/W 000XXXXXg
OFE6y — (Disabled) — —
OFE7y CRTDA Main CR clock temperature dependent adjustment register R/W 000XXXXXg
OFE8y SYSC System configuration register R/W 11000011g
OFESy CMCR Clock monitoring control register R/W 000000005
OFEAy CMDR Clock monitoring data register R 000000005
OFEBy WDTH Watchdog timer selection ID register (upper) R XXXXXXXXg
OFECH WDTL Watchdog timer selection ID register (lower) R XXXXXXXXg
OFEDy

to — (Disabled) — —
OFFFy

m R/W access symbols
: Readable / Writable

R/W

R
w

: Read only
: Write only

m Initial value symbols
: The initial value of this bit is "0".

0
1
X

Note:

: The initial value of this bit is "1".

: The initial value of this bit is undefined.

Do not write to an address that is "(Disabled)". If a "(Disabled)" address is read, an undefined value is returned.

A.2

Table of Interrupt Sources
This section shows the table of interrupt sources used in the MB95560H/570H/580H Series.
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m Table of Interrupt Sources

See "5. CPU" for interrupt operation.

Table 1-4. Table of Interrupt Sources (MB95560H Series)

Vector table Priority order of
Inte:rup address Bit name of smijl:(t::rsrl.cl);fatthe
Interrupt source request intezrrupt It.evel same level
number | Upper | Lower |setting register (occurring
simultaneously)

External interrupt ch. 4 IRQO0 FFFAY FFFBy L00 [1:0] High
External interrupt ch. 5 IRQO1 | FFF8, | FFF9, LO1 [1:0] 4
External interrupt ch. 2
External interrupt ch. 6 IRQO2 FRFen FFFTH Lo2[1:0]
el o & 7 i B e

— IRQO4 FFF2y FFF3y L04 [1:0]
8/16-bit composite timer ch. 0 (lower) IRQO5 FFFOy FFF1y L05 [1:0]
8/16-bit composite timer ch. 0 (upper) IRQO6 FFEEY FFEFy L06 [1:0]
LIN-UART (reception) IRQO7 FFECH FFEDy LO7 [1:0]
LIN-UART (transmission) IRQ08 FFEAY FFEBy L08 [1:0]

_ IRQO9 FFE8y FFE9y L09 [1:0]

— IRQ10 FFE6H FFE7H L10 [1:0]

— IRQM FFE4y FFES5H L11 [1:0]

— IRQ12 FFE2y FFE3HQ L12[1:0]

— IRQ13 FFEOH FFE1H L13 [1:0]
8/16-bit composite timer ch. 1 (upper) IRQ14 FFDEy FFDFy L14 [1:0]

— IRQ15 FFDCy FFDDy L15 [1:0]

— IRQ16 FFDAy FFDBy L16 [1:0]

— IRQ17 FFD8, FFD9, L17 [1:0]
8/10-bit A/D converter IRQ18 FFD6y FFD7y L18 [1:0]
Time-base timer IRQ19 FFD4y FFD5y L19[1:0]
Watch prescaler IRQ20 FFD2y FFD34 L20 [1:0]

— IRQ21 FFDOy FFD14 L21[1:0]
8/16-bit composite timer ch. 1 (lower) IRQ22 FFCEH FFCFy L22 [1:0]
Flash memory IRQ23 FFCCy FFCDy L23 [1:0] v

Low
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Table 1-5. Table of Interrupt Sources (MB95570H Series)

Vector table

Priority order of

Intetrrup address Bit name of sonijrr‘ct:zrs";gtthe
Interrupt source request intgrrupt I(.evel same level
number | UPper | Lower |setting register (occurring
simultaneously)

External interrupt ch. 4 IRQO0 FFFAY FFFBy L00 [1:0] High

— IRQO1 FFF8y FFFO, LO1 [1:0] 4
External interrupt ch. 6_ IRQ02 FRFoH FRFTH L0z [1:0]

— IRQO3 | FFF4y FFF5, LO3 [1:0]

— IRQO4 FFF24 FFF3y L04 [1:0]
8/16-bit composite timer ch. 0 (lower) IRQO5 FFFOy FFF1y L05 [1:0]
8/16-bit composite timer ch. 0 (upper) IRQO6 FFEEy FFEFy L06 [1:0]

— IRQO7 FFECy FFEDy LO7 [1:0]

_ IRQO8 | FFEAy FFEBy L08 [1:0]

_ IRQO9 FFE8 FFE9y LO9 [1:0]

— IRQ10 FFE6y FFE74 L10 [1:0]

— IRQ11 FFE4y FFES5H L11[1:0]

— IRQ12 FFE24 FFE3H L12[1:0]

— IRQ13 FFEOy FFE1H L13 [1:0]

— IRQ14 FFDEy FFDFy L14 [1:0]

— IRQ15 FFDCy FFDDy L15 [1:0]

— IRQ16 FFDAy FFDBy L16 [1:0]

— IRQ17 FFD8, FFD9, L17 [1:0]
8/10-bit A/D converter IRQ18 FFD6y FFD7y L18 [1:0]
Time-base timer IRQ19 FFD4y FFD5y L19 [1:0]
Watch prescaler IRQ20 FFD2y FFD3y L20 [1:0]

— IRQ21 FFDOy FFD1y L21 [1:0]

— IRQ22 FFCEH FFCFy L22 [1:0]
Flash memory IRQ23 FFCCH FFCDy L23 [1:0] v

Low
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Table 1-6. Table of Interrupt Sources (MB95580H Series)

== CYPRESS
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Vector table Priority order of
Inte:rup address Bit name of soi?::(::%gtthe
Interrupt source request intezrrupt It.evel same level
number | Upper | Lower |setting register (occurring
simultaneously)

External interrupt ch. 4 IRQO0 FFFAY FFFBy L00 [1:0] High
External interrupt ch. 5 IRQO1 | FFF8, | FFF9, LO1 [1:0] 4
External interrupt ch. 2
External interrupt ch. 6 IRQO2 FRFen FFFTH Lo2[1:0]
External interrupt ch. 3
External interrupt ch. 7 IRQ03 FRF FRFoH 103 [1:0]

— IRQO4 FFF2y FFF3y4 L04 [1:0]
8/16-bit composite timer ch. 0 (lower) IRQO5 FFFOy FFF1y L05 [1:0]
8/16-bit composite timer ch. 0 (upper) IRQO6 FFEEY FFEFy L06 [1:0]
LIN-UART (reception) IRQO7 FFECH FFEDy LO7 [1:0]
LIN-UART (transmission) IRQ08 FFEAY FFEBy L08 [1:0]

_ IRQO9 FFE8y FFE9, L09 [1:0]

— IRQ10 FFE6y FFE7H L10 [1:0]

— IRQM FFE4y FFES5H L11 [1:0]

— IRQ12 FFE2y FFE3HQ L12[1:0]

— IRQ13 FFEOH FFE1H L13 [1:0]

— IRQ14 FFDEy FFDFy L14 [1:0]

_ IRQ15 FFDCy FFDDy L15[1:0]

— IRQ16 FFDAy FFDBy L16 [1:0]

— IRQ17 FFD8y FFD9y L17 [1:0]
8/10-bit A/D converter IRQ18 FFD6y FFD7y L18 [1:0]
Time-base timer IRQ19 FFD4y FFD5y L19[1:0]
Watch prescaler IRQ20 FFD2y FFD34 L20 [1:0]

— IRQ21 FFDOy FFD1y L21[1:0]

— IRQ22 FFCEH FFCFy L22 [1:0]
Flash memory IRQ23 FFCCy FFCDy L23 [1:0] v

Low
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A.3 Memory Maps
This section shows the memory maps of the MB95560H/570H/580H Series.
m Memory Maps
Table 1-7. Memory Maps of Dlfferent Products
MB95F562H/F562K/F572H/ MB95F563H/F563K/F573H/ MB95F564H/F564K/F574H/
F572K/F582H/F582K F573K/F583H/F583K F574K/F584H/F584K
0000+ 0000+ 0000+
I/O area 1/O area 1/0 area
gggg: Access prohibited gggg: Access prohibited 8838: Access prohibited
01004 _ RAI;/I 240 bytes 0100 RAM 496 bytes 0100 RAM 496 bytes
egister Register Register
0180« 0200w 0200+
Access prohibited 0280+ 0280w
Access prohibited Access prohibited
OF80n OF80n OF80H
Extension 1/O area Extension 1/O area Extension 1/O area
1000+ 1000+ 1000+
Access prohibited Access prohibited Access prohibited
BOOOH BOOOH B0OO0OH
Flash 4 Kbyte Flash 4 Kbyte
CO000H CO000H
Access prohibited
Access prohibited Flash 20 Kbyte
EO00H
FOOOH Flash 8 Kbyte
Flash 4 Kbyte
FFFFx FFFFx FFFFy
ParameteL
Flash memory RAM
Part Number
MB95F562H/F562K/F572H/F572K/F582H/F582K 8 Kbyte 240 bytes
MB95F563H/F563K/F573H/F573K/F583H/F583K 12 Kbyte 496 bytes
MB95F564H/F564K/F574H/F574K/F584H/F584K 20 Kbyte 496 bytes
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A4 Pin States

Table 1-8. below shows the pin states of the MB95560H/570H/580H Series in each mode.
m State of Pins in Each Mode

Table 1-8. Pin States iCAZn Each Mode (Sheet 1 of 2)

Normal

Stop mode

Watch mode

Pin name - Sleep mode In reset
operation P SPL=0 SPL=1 SPL=0 SPL=1
OSC input OSC input Hi-Z Hi-z Hi-Z Hi-Z —
PFO/X0 . . Retain Hi-Z Retain HIi-Z Input enabled”
1/0 port 4 I/O port 4 Inpl,*lt*lntercep- Inptﬂt*lntercep- Inpl.*lt*lntercep- Inplﬂt*lntercep- (However, it
tion'2"4 tion'2"4 tion 2" tion' 2" does not func-
tion.)
OSC output  |OSC output |Hi-Z Hi-Z Hi-Z Hi-Z —
‘ ‘ ‘ . Hi-Z
PF1/X1 ) ) Retain Hi-Z Retain Hi-Z Input enabled"!
1/0 port 4 I/O port 4 Inptft*lntercep- Inplft*lntercep- Inplft*lntercep- Inplit*lntercep- (However, it
tion 24 tion 24 tion 24 tion 24 does not func-
tion.)
OSC input OSC input Hi-Z Hi-Z Hi-Z Hi-Z —
Hi-Z (However, Hi-Z (However, Hi-Z
Retain the setting of Retain the setting of .
PG1/X0A " ,4 i the pull-up is i the pull-up con- |Input enabled”’
1/0 port /0 port |FPH;]2tercep' effective.) |_nPlf;*|£1te"09P' trol is effective.) |(However, it
tion Input intercep- [tion Input intercep- [does not func-
tion 2™ tion 2™ tion.)
OSC output  |OSC output  [Hi-Z Hi-Z Hi-Z Hi-Z —
Hi-Z (However, Hi-Z (However, Hi-z
Retain the setting of Retain the setting of .
PG2/X1A “ . ) the pull-up con- ) the pull-up con- |Input enabled 1
/0 port I/O port I_nptg; intercep- trol is effective.) l_nplg; intercep- trol is effective.) (However, it
tion Input intercep- [tion Input intercep- [does not func-
tion'2™4 tion 2™ tion.)
PF2/RST  [Reset input™ |Resetinput™ |Resetinput™® |Resetinput™® |Resetinput™® |Resetinput™® |Resetinput™
P12/ECO/
DBG
Hi-Z
P62/TO10 . . . .
1/0 port/ /0 port/ Retain Hi-Z Retain Hi-Z Input enabled”!
peripheral peripheral Input intercep- |Input intercep- |Input intercep- |Input intercep- (However, it
pe3TOqq  |unction /O ffunction /O jon™ tion 2 tion 2 tion 2 does not func-
tion.)
P64/EC1
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Table 1-8. Pin States iCAZn Each Mode (Sheet 2 of 2)

rupt is enabled.)

rupt is enabled.)

Pin name S Ermel Sleep mode Stop mode Watch mode In reset
operation P SPL=0 SPL=1 SPL=0 SPL=1

POOANOO

P01/ANO1 Hi-Z (However, Hi-Z (However,

: the setting of : the setting of
Retalq the pull-up con- Retanj the pull-up con-

PO2/INT02/ |nplf;mtefcep- trol is effective.) Inpg;mtercep- trol is effective.)

AN02/SCK VOPﬂﬂ/ | 110 P?]rt/ | tion “(How-  |input intercep- [tion “(How-  |input intercep- |Hi-z
periphera periphera ever, an ) ) ever, an L ) .
function I/O/ |[function I/0/ |external inter- g\?gr é':ow external inter- g?/gr élr-]low I.npli;lntercep-

PO3/INTO3/ |Analog input  [Analog input  |TUPt ca?] be he [externalinter- rupt Ca?] be he |externalinter- tion

ANO3/SOT input when the |\ ¢'can be input when the ¢ can be

external inter- inout when th external inter- | t when th
rupt is enabled.) put when the rupt is enabled.) input when the

PO4/INTO4/ external inter- external inter-

ANO4/SIN/ rupt is enabled.) rupt is enabled.)

ECO

PO5/INTO5/

ANO05/TO00

_IF_’g%/1INT06/ Hi-Z (However, Hi-Z (However,

: the setting of : the setting of

Reta|r‘1 the pull-up con- Reta|r‘1 the pull-up con-

|”PE£'”ter°ep' trol is effective.) Inpg;mtercep- trol is effective.) |, >

tion ©(How-  |input intercep- [tion “(How-  |input intercep- .
/0 port/ 110 port/ ever, an tio‘?]*z (How- P ever, an tio$1*2 (How- P Input enabled”!
peripheral peripheral external inter- external inter- (However, it
function I/O  |function I/O  |rypt can be ever, an . rupt can be ever, an . does not func-

: external inter- | external inter-  |;

input when the rupt can be input when the ruot can be tion.)

external inter- [P external inter- [P

rupt is enabled.) gxrigt"gl‘?nnté?_e rupt is enabled.) g?tgrgljier?té?-e

PO7/INTO7

SPL : Pin state setting bit in the standby control register (STBC:SPL)
Hi-Z : High impedance

Appendix

*1:  "Input enabled" means that the input function is enabled. While the input function is enabled, a pull-up or pull-down oper-
ation has to be performed in order to prevent leaks due to external input. If a pin is used as an output port, its pin state is
the same as that of other ports.

*2:
*3:
*4;

The pin state when PF2/RST is configured as reset pin

The pin state when these pins are configured as GPIOs

"Input interception" means direct input gate operation from the pin is disabled.
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A.5 Instruction Overview

This section explains the instructions used in F2MC-8FX.

m Instruction Overview of FZMC-8FX

In the FAMC-8FX, there are 140 kinds of one byte instructions (256 bytes on the map), and the instruction code is composed
of the instruction and the operand following it.

Table 1-9. shows the correspondence of the instruction code and the instruction map.

Table 1-9. Instruction Code and Instruction Map

0 to 2 bytes are given
depending on instructions.
1 byte r A N
Instruction code | Instruction | | Operand | | Operand
— Higher 4 bits [Instruction map]
—
Q
2
@
N
=)
@
%

o The instruction is classified into following four types; forwarding system, operation system, branch system and others.

o There are various methods of addressing, and ten kinds of addressing can be selected by the selection and the oper-
and specification of the instruction.

a This provides with the bit operation instruction, and can execute the read-modify-write (RMW) type of instruction.
o There is an instruction that directs special operation.
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m Meanings of Signs in Instruction Codes

Table 1-10. shows the meanings of signs used in explaining instruction codes in A.5.

Table 1-10. Meanings of Signs in Instruction Codes

Sign Meanings
dir Direct address (8-bit length)
off Offset (8-bit length)
ext Extended address (16-bit length)
#vct Vector table number (3-bit length)
#d8 Immediate data (8-bit length)
#d16 Immediate data (16-bit length)
dir:b Bit direct address (8-bit length: 3-bit length)
rel Branch relative address (8-bit length)
@ Register indirect (Example: @A, @IX, @EP)
A Accumulator (Whether 8- bit length or 16- bit length is decided by the instruction used.)
AH Upper 8-bit of accumulator (8-bit length)
AL Lower 8-bit of accumulator (8-bit length)
T Temporary accumulator (Whether 8- bit length or 16- bit length is decided by the instruction used.)
TH Upper 8-bit of temporary accumulator (8-bit length)
TL Lower 8-bit of temporary accumulator (8-bit length)
IX Index register (16-bit length)
EP Extra pointer (16-bit length)
PC Program counter (16-bit length)
SP Stack pointer (16-bit length)
PS Program status (16-bit length)
dr Either of accumulator or index register (16-bit length)
CCR Condition code register (8-bit length)
RP Register bank pointer (5-bit length)
DP Direct bank pointer (3-bit length)
Ri General-purpose register (8-bit length, i =0 to 7)
X This shows that x is immediate data.

(Whether 8- bit length or 16- bit length is decided by the instruction used.)

x)

This shows that contents of x are objects of the access.
(Whether 8- bit length or 16- bit length is decided by the instruction used.)

()

This shows that the address that contents of x show is an object of the access.
(Whether 8- bit length or 16- bit length is decided by the instruction used.)
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m  Meanings of Items in Instruction Table

Table 1-11. Meanings of Items in Instruction Table

Item

Meaning

MNEMONIC

It shows the assembly description of the instruction.

It shows the number of cycles of the instruction. One instruction cycle is a machine
cycle.

Note:

The number of cycles of the instruction can be delayed by 1 cycle by the immedi-
ately preceding instruction. Moreover, the number of cycles of the instruction might
be extended in the access to the 1/O area.

#

It shows the number of bytes for the instruction.

Operation

It shows the operations for the instruction.

TL, TH, AH

They show the change (auto forwarding from A to T) in the content when each TL,
TH, and AH instruction is executed. The sign in the column indicates the followings
respectively.

-: No change
dH: upper 8 bits of the data described in operation.

AL and AH: the contents become those of the immediately preceding instruction's AL
and AH.

00: Become 00

N,Z,V,C

They show the instruction into which the corresponding flag is changed respectively.
The sign in the column shows the followings respectively.

-2 No change
+: Change

R: Become "0"
S: Become "1"

OP CODE

It shows the code of the instruction. When a pertinent instruction occupies two or
more codes, it follows the following description rules.

[Example] 48 to 4F: This shows 48, 49....4F.
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A.6  Addressing

FZMC-8FX has the following ten types of addressing:
Direct addressing

Extended addressing

Bit direct addressing

Index addressing

Pointer addressing

General-purpose register addressing
Immediate addressing

Vector addressing

Relative addressing

Inherent addressing

m Explanation of Addressing
o Direct addressing

Appendix

This is used when accessing the direct area of "0x0000" to "0x047F" with addressing indicated "dir" in instruction table. In this
addressing, when the operand address is "0x00" to "0x7F", it is accessed into "0x0000" to "0x007F. Moreover, when the oper-
and address is "0x80" to "OxFF", the access can be mapped in "0x0080" to "0x047F" by setting of direct bank pointer DP. Fig-

ure 1-1. shows an example.

Figure 1-1. Example of Direct Addressing

MOV 92H, A

DP| 0018 ’ 0112H

4 5H

J—al45n]

0 Extended addressing

This is used when the area of the entire 64 Kbyte is accessed by addressing shown "ext" in the instruction table. In this address-
ing, the first operand specifies one high rank byte of the address and the second operand specifies one subordinate position

byte of the address.
Figure 1-2. shows an example.

Figure 1-2. Example of Extended Addressing

MOVW A, 1234H

1234H
1235H

5 6H

7 8H

| IS

A [s670n]
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o Bit direct addressing

This is used when accessing the direct area of "0x0000" to "0x047F" in bit unit with addressing indicated "dir:b" in instruction
table. In this addressing, when the operand address is "0x00" to "0x7F", it is accessed into "0x0000" to "0x007F". Moreover,
when the operand address is "0x80" to "OxFF", the access can be mapped in "0x0080" to "0x047F" by setting of direct bank
pointer DP. The position of the bit in the specified address is specified by the values of the instruction code of three subordi-
nate position bits.

Figure 1-3. shows an example.

Figure 1-3. Example of Bit Direct Addressing

SETB 34H:2 76543210

DP | XXXB 0034H XXXXX1XXB

]

o Index addressing

This is used when the area of the entire 64 Kbyte is accessed by addressing shown "@IX+off" in the instruction table. In this
addressing, the content of the first operand is sign extended and added to IX (index register) to the resulting address. Figure
1-4. shows an example.

Figure 1-4. Example of Index Addressing

MOVW A, @IX+ 5AH

|XL27FFH 124 | | NEEET

28004 | 34+ J

o Pointer addressing

This is used when the area of the entire 64 Kbyte is accessed by addressing shown "@EP" in the instruction table. In this
addressing, the content of EP (extra pointer) is assumed to be an address. Figure 1-5. shows an example.

Figure 1-5. Example of Pointer Addressing

MOVW A, @EP

EP27A5H 12H —‘ A

27A6H | 34H J

o General-purpose register addressing

This is used when accessing the register bank in general-purpose register area with the addressing shown "Ri" in instruction
table. In this addressing, fix one high rank byte of the address to "01" and create one subordinate position byte from the con-
tents of RP (register bank pointer) and three subordinate bits of the operation code to access to this address. Figure 1-6.
shows an example.

Figure 1-6. Example of General-purpose Register Addressing

MOV A, R6

e (010100 |1 0156 [ABH| ] A [ABH
T

o Immediate addressing

This is used when immediate data is needed in addressing shown "#d8" in the instruction table. In this addressing, the oper-
and becomes immediate data as it is. The specification of byte/word depends on the operation code. Figure 1-7. shows an
example.
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Figure 1-7. Example of Immediate Addressing

MOV A, #56H

o Vector addressing

This is used when branching to the subroutine address registered in the table with the addressing shown "#vct" in the instruc-
tion table. In this addressing, information on "#vct" is contained in the operation code, and the address of the table is created
using the combinations shown in Table 1-12..

Table 1-12. Vector Table Address Corresponding to "#vct"

#vct Vector table address
(jump destination high-ranking address: subordinate address)

0 OxFFCO : OxFFC1

1 OxFFC2 : OxFFC3

2 OxFFC4 : OxFFC5
3 OxFFC6 : OxFFC7
4 OxFFC8 : OxFFC9
5 OxFFCA : OxFFCB
6 OxFFCC : OxFFCD
7 OxFFCE : OxFFCF

Figure 1-8. shows an example.

Figure 1-8. Example of Vector Addressing

CALLYV #5

(Conversion)— FFCAH | F EH
FFCBH | DCH

ec [FEDGH]

| S
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o Relative addressing

This is used when branching to the area in 128 bytes before and behind PC (program counter) with the addressing shown
"rel" in the instruction table. In this addressing, add the content of the operand to PC with the sign and store the result in PC.
Figure 1-9. shows an example.

Figure 1-9. Example of Relative Addressing

BNE FEH

e
OldPC[9ABCH 1 9ABCH + FFFEH New PC|[ 9 A B An

In this example, by jumping to the address where the operation code of BNE is stored, it results in an infinite loop.
g Inherent addressing

This is used when doing the operation decided by the operation code with the addressing that does not have the operand in
the instruction table. In this addressing, the operation depends on each instruction. Figure 1-10. shows an example.

Figure 1-10. Example of Inherent Addressing

NOP

OldPC |9ABCH | New PC | 9 A B DH
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A7

This section explains special instructions other than the addressing.

Special Instruction

m Special Instruction
o JMP @A

This instruction is to branch the content of A (accumulator) to PC (program counter) as an address. N pieces of the jump des-
tination is arranged on the table, and one of the contents is selected and transferred to A. N branch processing can be done
by executing this instruction.

Figure 1-11. shows a summary of the instruction.

Figure 1-11. JMP @A

(Before executing)

(After executing)

A[125m |

Old PC

A
o]

This instruction works as the opposite of "JMP @A". That is, it stores the content of PC to A. When you have executed this
instruction in the main routine and set it to call a specific subroutine, you can make sure that the content of A is the specified
value in the subroutine. Also, you can identify that the branch is not from the part that cannot be expected, and use it for the

a MOVWA, PC

reckless driving judgment.
Figure 1-12. shows a summary of the instruction.

Figure 1-12. MOVW A, PC

(Before executing)

(After executing)

A [1200 |

A N
Old PC New PC

When this instruction is executed, the content of A reaches the same value as the address where the following instruction is
stored, rather than the address where operation code of this instruction is stored. Therefore, in Figure 1-12., the value
"0x1234" stored in A corresponds to the address where the following operation code of "MOVW A, PC" is stored.

g MULUA

This instruction performs an unsigned multiplication of AL (lower 8-bit of the accumulator) and TL (lower 8-bit of the temporary
accumulator), and stores the 16-bit result in A. The contents of T (temporary accumulator) do not change. The contents of AH
(higher 8-bit of the accumulator) and TH (higher 8-bit of the temporary accumulator) before execution of the instruction are
not used for the operation. Note that since the instruction does not change the flags, a branch may occur depending on the
multiplication result.

Figure 1-13. shows a summary of the instruction.

Figure 1-13. MULU A

(Before executing)

NET

mw

(After executing)

A 18601
 [T25a]

o DIVUA

This instruction divides the 16-bit value in T by the unsigned 16-bit value in A, and stores the 16-bit result and the 16-bit
remainder in A and T, respectively. When the value in A before execution of instruction is "0", the Z flag becomes "1" to indi-
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cate zero-division is executed. Note that since the instruction does not change other flags, a branch may occur depending on
the division result.

Figure 0.0-1 shows a summary of the instruction.

Figure 0.0-1 DIVU A

(Before executing) (After executing)

abzsw] L, Alooow
T [5678] T [o0A®]

a XCHWA, PC

This instruction swaps the contents of A and PC, resulting in a branch to the address contained in A before execution of the
instruction. After the instruction is executed, A becomes the address that follows the address where the operation code of
"XCHW A, PC" is stored. This instruction is effective especially when it is used in the main routine to specify a table for use in
a subroutine.

Figure 1-14. shows a summary of the instruction.

Figure 1-14. XCHW A, PC

(Before executing) (After executing)

» 56781 A [T205]
PC| 1234H PC| 5678H|

When this instruction is executed, the content of A reaches the same value as the address where the following instruction is
stored, rather than the address where operation code of this instruction is stored. Therefore, in Figure 1-14., the value
"0x1235" stored in A corresponds to the address where the following operation code of "XCHW A, PC" is stored. This is why
"0x1235" is stored instead of "0x1234".
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Figure 1-15. shows an assembler language example.

Figure 1-15. Example of Using "XCHW A, PC"

Appendix

(Main routine) (Subroutine)

XCHW A, PC PUSHW A

MOVW A, 1234H INCW EP
BNE PTS1
POPW A

JMP @A

MOVW A, #PUTSUB PUTSUB XCHW A, EP

DB 'PUT OUT DATA', EOL PTS1 MOV A, @EP

MOV I0,A <—
CMP A, #EOL

XCHW A, EP

1 CALLV #vct

This instruction is used to branch to a subroutine address stored in the vector table. The instruction saves the return address
(contents of PC) in the location at the address contained in SP (stack pointer), and uses vector addressing to cause a branch
to the address stored in the vector table. Because CALLV #vct is a 1-byte instruction, the use of this instruction for frequently

used subroutines can reduce the entire program size.
Figure 1-16. shows an example of execution.

Figure 1-16. Example of Executing CALLV #3

sP 2 sP

1232H | XXH 1232H | 56H
1233H | XXH 1233H | 79H
FFC6H | FEH FFC6H | FEH
FFC74 | DCH FFC7H | DCH

(Before executing) (After executing)
PC PC

After the CALLV #vct instruction is executed, the contents of PC saved on the stack area are the address of the operation
code of the next instruction, rather than the address of the operation code of CALLV #vct. Accordingly, Figure 1-16. shows
that the value saved in the stack (0x1232 and 0x1233) is 0x5679, which is the address of the operation code of the instruction

that follows "CALLV vct" (return address).
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Table 1-13. Vector Table

Vector use Vector table address
(call instruction) Upper Lower
CALLV #7 OxFFCE OxFFCF
CALLV #6 OxFFCC OxFFCD
CALLV #5 OxFFCA OxFFCB
CALLV #4 OxFFC8 OxFFC9
CALLV #3 OxFFC6 OxFFC7
CALLV #2 OxFFC4 OxFFC5
CALLV #1 OxFFC2 OxFFC3
CALLV #0 OxFFCO OxFFCA1

A.8 Bit Manipulation Instructions (SETB, CLRB)

Some peripheral function registers include bits that are read differently than usual by a bit manipulation instruction.
m Read-modify-write Operation

By using these bit manipulation instructions, you can set only the specified bit in a register or RAM location to "1" (SETB) or
clear to "0" (CLRB). However, as the CPU operates data in 8-bit units, the actual operation (read-modify-write operation)
involves a sequence of steps: 8-bit data is read, the specified bit is changed, and the data is written back to the location at the
original address.

Table 1-14. shows bus operation for bit manipulation instructions.

Table 1-14. Bus Operation for Bit Manipulation Instructions

CODE MNEMONIC ~ Cycle Address bus Data bus RD WR RMW
. 1 N+2 Next instruction 1 0 1
AOto A7 |CLRB dirb A dir address Data 1 0 1
. 3 dir address Data 0 1 0
A8 to AF SETB dir:b 4 N+3 Instruction after next 1 0 0

m Read Destination on the Execution of Bit Manipulation Instructions

For some 1/O ports and the interrupt request flag bits, the read destination differs between a normal read operation and a
read-modify-write operation.

a  1/O ports (during a bit manipulation)
From some /O ports, an 1/O pin value is read during a normal read operation, while a port data register value is read during a

bit manipulation. This prevents the other port data register bits from being changed accidentally, regardless of the 1/O direc-
tions and states of the pins.

o Interrupt request flag bits (during a bit manipulation)

An interrupt request flag bit functions as a flag bit indicating whether an interrupt request exists during a normal read opera-
tion, however, "1" is always read from this bit during a bit manipulation. This prevents the flag from being cleared accidentally
by writing the value "0" to the interrupt request flag bit when manipulating another bit.

A9  F2MC-8FX Instructions

Table 1-15. to Table 1-18. show the instructions used by F2MC-8FX.
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m Transfer Instructions

Table 1-15. Transfer Instructions

No. MNEMONIC ~ | # Operation TL{TH|AH| N | Z OPCODE
1 |MOV |dir, A 3 |2 |(dir) « (A) - F TF F 45
2 [MOV |@IX+off, A [3 |2 |((IX)+off)« (A) - - - F T 46
3 |MOV [ext, A 4 13 |(ext) < (A) - - F [ F 61
4 MOV |@EP A 2 [1 |((EP))« (A) - F TF F 47
5 |[MOV |Rj, A 2 [1 |(Ri)«< (A) - - F 48to 4F
6 [MOV |A #d8 2 [2 |(A)« d8 AL[- |- [+ |+ 04
7 MOV |A, dir 3 |2 |(A)« (dir) AL[- |- [+ |+ 05
8 [MOV [A @X+off [3 |2 |(A)« ((IX)+off) AL[- |- [+ |+ 06
9 MOV |A, ext 4 [3 |(A) « (ext) AL[- |- [+ |+ 60
10 MOV |A @A 2 |1 |(A)« ((A)) AL[- |- |+ |+ 92
11 [MOV |A, @EP 2 [1 |(A)« ((EP)) AL- |- [+ |+ 07
12 [MOV |A, Ri 2 [1 |(A)« (Ri) AL|- |- |+ |+ 08 to OF
13 [MOV  [dir, #d8 4 |3 |(dir) « d8 - - - F T 85
14 IMOV  |@IX + off, #d8 |4 |3 |( (IX) + off) «~ d8 -k 86
15 MOV  |@EP, #d8 3 |2 |((EP))« d8 - - - F T 87
16 MOV  |Ri, #d8 3 |2 |(Ri)« d8 - - F F F 88 to 8F
17 |IMOVW |dir, A 4 |2 |(dir) « (AH),(dir+1) < (AL) - F K D5
18 [MOVW |[@IX +off, A |4 |2 |((IX)+off)« (AH), ((IX)+off+ 1)« (AL) - F Ok D6
19 [IMOVW |ext, A 5 |3 |(ext)« (AH), (ext+ 1)<« (AL) - T F D4
20 [MOVW |@EP, A 3 |1 |((EP))<« (AH),((EP)+1)« (AL) - F F O D7
21 [IMOVW |EP, A 1 [1 |(EP)« (A) - - | F F E3
22 [MOVW |A, #d16 3 |3 |(A)« dl6 AL |AH|dH |+ |+ E4
23 IMOVW |A, dir 4 |2 |(AH) « (dir), (AL) « (dir+1) AL [AH|dH |+ [+ C5
24 [MOVW (A, @IX +off |4 |2 |(AH) « ((IX)+off), (AL) « ((IX)+off+1) AL |AH|dH |+ |+ C6
25 [MOVW |A, ext 5 |3 |(AH) <« (ext),(AL)« (ext+1) AL |AH|dH |+ |+ C4
26 [MOVW |A, @A 3 |1 |[(AH)« ((A)),(AL) <« ((A)+1) AL |AH|dH |+ |+ 93
27 [MOVW |A, @QEP 3 |1 |(AH)« ((EP)),(AL)« ((EP)+1) AL |AH|dH |+ |+ C7
28 IMOVW A, EP 1 |1 |(A)« (EP) - |- |aH|- |- F3
29 [MOVW |EP, #d16 3 |3 |(EP)« dl6 - - F F F E7
30 [MOVW |IX, A 1 1 |IX)« (A) - - - F T E2
31 IMOVW |A, IX 1 11 |(A)« (IX) - |- |dH|- | F2
32 IMOVW |SP, A 1 [1 |(SP)« (A) - FTFTFF E1
33 IMOVW |A, SP 1 |1 |(A)« (SP) - |- |aH|- |- F1
34 IMOV |@A, T 2 [1 J((A))« (T) - - F F F 82
35 IMOVW |@A, T 3 |1 |((A))<« (TH),((A)+1)« (TL) - - - F | 83
36 [MOVW [IX, #d16 3 |3 |0X)« dlI6 - - F F F E6
37 [MOVW |A, PS 1 [1 |(A)« (PS) - - TaHT |- 70
38 IMOVW |PS, A 1 |1 |(PS)« (A) - FTF T+ 71
39 [MOVW |SP, #d16 3 |3 |(SP)« dl6 - - F F F E5
40 [SWAP 1 [1 |(AH)«— (AL) - |- JAL|- |- 10
41 [SETB |[dirb 4 [2 |(dir):be 1 - - F | F A8to AF
42 [CLRB [dir:b 4 |2 |(dir) : b 0 - F F TFF AO to A7
43 IXCH |A, T 1 |1 |(AL) «<— (TL) AL]- |- |- |- 42
44 [XCHW |A, T 1 [1 |(A) > (T) AL |AH|dH |- |- 43
45 [XCHW |A, EP 1 [1 |(A)«<— (EP) - |- TaHT |- F7
46 [XCHW [A, IX 1 [1 |(A) > (IX) - |- TaHT |- F6
47 [XCHW |A, SP 1 [1 |(A)«<— (SP) - |- TaHT |- F5
48 IMOVW [A, PC 2 |1 |(A)« (PO) - |- |dH|- |- FO
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Note:

In automatic transfer to T during byte transfer to A, AL is transferred to TL.
If an instruction has plural operands, they are saved in the order indicated by MNEMONIC.

m  Arithmetic Operation Instructions

Table 1-16. Arithmetic Operation Instruction (Sheet 1 of 3)

No. MNEMONIC ~ | # Operation TL|TH|/AH|{N | Z | V| C | OPCODE
1 |ADDC JA, Ri 2 1 A< @)+ R)+C T F [F ¥ [+ |* |28t02F
2 |ADDC |A, #d8 2 2 (A< @) rd+C T 24
3 |ADDC |A, dir 3 2 |A) < (A) T @din+C — T >
4 |ADDC |A, @X+off |3 |2 |(A)« (A)+((IX)+of)+C T [+ = [+ 26
5 |ADDC |A, @EP 2 |1 |(A)« (A)+((EP))+C - - -+ 127
6 OVDDC A 1T 1 |A«@A+M+C - |- [dH|+ |+ |+ |+ |23
7 |ADDC (A 1 [1 |(AL) « (AL)+(TL)+C - - - 22
8 |SUBC |A Ri 2 [T |(A) < (A)-(RD)-C | F |+ [F |+ |+ |[38to3F
9 [SUBC |A, #d8 2 |2 |(A)« (A)-d8-C N MR M P P P RY
10 [SUBC |A, dir 3 [2 |(A)«(A)-(din-C T F FFFF 3
11 |SUBC |A, @IX+off [3 [2 |(A) <« (A)-((X)+off)-C - - [+ [+ [+ [+ [36
12 [SUBC |A, @EP 2 [T |[(A) < (A)-((EP))-C I FFF a7
13 [595C |a 1 1 [wem-@y-c I I Y O P
14 |SUBC |A 1 [1 |(AL)« (TL)-(AL)-C - - - 1+ |+ [+ [+ [32
15 INC _ |Ri 3 T |(R) < (R)+1 —F |- |+ |- [+ |F [C8toCF
16 [INCW |EP T |1 |(EP) < (EP) + 1 T F F F F F [c3
17 [INCW_[IX T T X))« (X)+ 1 —FF F F F FF F [c2
8 INCW |A T 1T A< @A) +1 T [aH|* |+ |- [ [co
19 [DEC _|Ri 3 [T |(R) < (Ri)-1 |- F |+ [+ |+ |- |D8toDF
20 [DECW [EP T |1 |(EP) < (EP)- 1 - F F - F |- b3
21 [DECW [IX T |11 X))« @X)-1 —F F F F F F p2
22 [DECW |A T 11 A« @A)-1 - [aA* |+ |- |- |po
23 [MULU |A 8 |T |(A) < (AL)x (L) B T N e N O
24 [DIVU |A 17 |1 |(A) < (T)/(A), MOD— (T) dC [aH [dH |- [+ |- |- |11
25 |[ANDW |A T 1T |A) < @A) A D) |- [+ [+ |R |- |63
26 [ORW |A T T |(A) < (A) v (D) - [aH[+ |+ R |- |73
27 [XORW |A T 1T |A) < @A) v (D) |- [+ |+ |R |- |53
28 [CMP__|A T |1 (TD) - (AL) 2
29 |CMPW |A T |1 M- A) N M M PO PO P PR
30 [RORC |A 1 >Co AT - - 1+ |+ |- |+ o3
[
31 |ROLC |A 1T N CCe A - - - 1+ I+ |- |+ |02
32 [CMP |A, #d8 2 |2 (A)-d8 - -+ 4
33 [CMP__|A, dir 3 2 (A)- (din T [5
34 [CMP |A, @EP 2 |1 (A) - ((EP)) [N U SR U PR R R (V1
35 [CMP __|A, @ X +off [3 |2 (A) - ((IX) + off) T F F v |+ |16
36 [CMP_|A Ri 2 |1 A)- (R)) - F |+ [F |+ |+ [18to1F
37 [DAA 1 |1 |decimal adjust for addition - - - | |84
38 |DAS 1 |1 |decimal adjust for subtraction - - - 1+ = 1+ |+ o4
39 [XOR |A T [T |(A) < (AL) ¥ (TL) - F F [+ IR |- |52
40 [XOR |A, #d8 2 [2 |(A)« (AL) v d8 - - - I+ |+ IR |- |54
41 [XOR _|A, dir 3 |2 |(A) < (AL) v (din) - F | |+ IR |- |55
42 [XOR |A, @QEP 2 [1 |(A)« (AL) v ((EP)) - - - 1+ |+ IR |- |57
I3 [XOR _|A, @ X +off |3 |2 |(A) « (AL) v ((IX) + off) T [+ [+ IR |- |56
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Table 1-16. Arithmetic Operation Instruction (Sheet 2 of 3)

No. MNEMONIC ~ | # Operation C | OPCODE
44 IXOR |A, Ri 2 |1 [(A)« (AL) v (Ri) - |58 to 5F
45 |AND A 1 |1 |(A) « (AL) A (TL) - 162
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Table 1-16. Arithmetic Operation Instruction (Sheet 3 of 3)

No. MNEMONIC ~ | # Operation TL|TH|AH|{N | Z | V| C | OPCODE
46 [AND |A, #d8 2 |2 |(A)« (AL)AdS8 - - |- I+ |+ IR |- [64
47 |AND  |A, dir 3 [2 [(A)« (AL) A (dir) - - |- I+ |+ IR |- [65
48 |AND [A, @QEP 2 |1 |(A)«< (AL) A ((EP)) - - |- |+ |+ IR |- |67
49 IAND [A, @IX+off |3 |2 [(A)<« (AL) A ((IX) + off) - - |- I+ |+ [R |- [66
50 |AND |A, Ri 2 |1 |(A)« (AL) A (Ri) - - |- |+ |+ [R |- [68to6F
51 [OR A 1 [1 |(A)« (AL) v (TL) - - |- I+ |+ IR |- [72
52 |OR A, #d8 2 |12 |(A)« (AL)v d8 - - |- 1+ |+ IR |- [74
53 [OR A, dir 3 |2 |(A)<« (AL) v (dir) - - |- |+ |+ IR |- |75
54 [OR A, @QEP 2 |1 |(A)«< (AL)v ((EP)) - - |- I+ |+ IR |- [77
55 [OR A @X+off [3 |2 [(A) < (AL)v ((X)+off) — F F [ IR (76
56 [OR A, Ri 2 |1 |(A)« (AL)v (Ri) - - |- |+ |+ [R |- [78to7F
57 [CMP |dir, #d8 4 |3 (dir) - d8 - - - [+ |+ |+ |+ |95
58 [CMP |@EP, #d8 3 |2 ((EP))-d8 - - - 1 F |97
59 |CMP |@IX + off, #d8 |4 |3 ( (IX) + off) - d8 - - - [+ |+ |+ |+ |96
60 [CMP |Ri, #d8 3 |2 (Ri) - d8 - - |- |+ |+ |+ |+ |98to9F
61 [INCW [SP 1 |(SP)« (SP)+1 - - - - - - |- |C
62 [DECW |SP T [1 [(SP)« (SP)-1 -~ F - F F [ F b1
m  Branch Instructions
Table 1-17. Branch Instructions
No. MNEMONIC ~ | # Operation TL|{TH|AH| N | Z | V | C | OPCODE
1 |[BZ/BEQ |[rel(atbranch) |4 |2 |[ifZ=1then PC« PC +rel - - - |- |- |- |- [FD
rel(at no
BZ/BEQ branch) 2
2 |BNZ/BNE [rel(atbranch) |4 |2 |if Z=0then PC« PC +rel - - - - |- |- |- |FC
rel(at no
BNZ/BNE branch) 2
3 |BC/BLO |rel(atbranch) |4 [2 [if C=1then PC« PC +rel - - - - - - |- [F9
rel(at no
BC/BLO branch) 2
4 |BNC/BHS [rel(at branch) |4 |2 [if C=0then PC< PC +rel - - - - |- |- |- |F8
rel(at no
BNC/BHS branch) 2
5 |BN rel(atbranch) |4 |2 [if N=1then PC« PC +rel - - - - - |- |- |FB
rel(at no
BN branch) 2
6 |BP rel(at branch) |4 |2 [if N=0 then PC« PC +rel - - - - - |- |- [FA
rel(at no
BP branch) 2
7 |BLT rel(at branch) [4 |2 [if Vv N=1then PC« PC +rel - - - |- |- |- |- |FF
rel(at no
BLT branch) 2
8 |BGE rel(atbranch) |4 |2 [if Vv N=0then PC« PC +rel - - - - |- |- |- |FE
rel(at no
BGE branch) 2
9 |[BBC dir : b, rel 5 |3 [if(dir: b) =0 then PC«~ PC +rel - - |- - |+ |- |- |BOtoB7
10 |BBS dir : b, rel 5 |3 [if(dir:b) =1 then PC«~ PC +rel - - |- |- |+ |- |- |B8toBF
11 [JMP @A 3 |1 |(PO)« (A) - - - |- |- |- |- |EO
12 [JMP ext 4 |3 |(PC)« ext - - - - - | | 121
13 [CALLV #vct 7 |1 |vectorcall - - |- |- |- |- |- |E8toEF
14 |CALL ext 6 |3 [subroutine call - - - - - | 31
15 [XCHW |A, PC 3 |1 |PO)« (A),(A)« (PO)+1 - |- |dH |- |- |- |- |F4
16 |[RET 6 |1 [return from subroutine - - - - |- |- |- |20
17 |RETI 8 [1 |[return from interrupt - - |- restore 30
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m Other Instructions

Table 1-18. Other Instructions

No. MNEMONIC ~ Operation TL | TH | AH OPCODE
1 [PUSHWIA 4 |1 |((SP))«< (A), (SP)< (SP)-2 - - F 40
2 [POPW |A 3 [T [(A)< ((SP)), (SP)« (SP)+2 - [ [aH 50
3 |PUSHW [IX 4 |1 [(SP)« (IX), (SP)«~ (SP)-2 - | | 41
4 |[POPW |[IX 3 [T |@X)«< ((SP)), (SP)« (SP)+2 - | F 51
5 [NOP 1 |1 |No operation - - 00
6 |CLRC T [1 |(C)«< 0 - | 81
7 |SETC T [1 O« 1 - | 91
8 |CLRI 1T 1 D« 0 - - 80
9 |[SETI T 1 D 1 - | 90
A.9 Instruction Map

Table 1-19. shows the instruction map of F2MC-8FX.
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Instruction Map

Table 1-19. Instruction Map of F2MC-8FX

! L# Ly Ly [ s p <Ip 8P# ‘LY 8P# ‘LY v v Ly vl Ly v L4V L4V
11d ATIVD Jdd ONI sdd 4Lds dND AON 40 ANV 40X AON 24ns oaav dND AOW
1! 9# 94 9N [o1°9 1p <Ip 8P# ‘04 8P# 98 9V 9V NV Vol MY NV Ny Ny
404 ATIVD Jdd ONI sdd 4148 dND AON 40 ANV 40X AON 24ns oaav dND AON
1! S o 4 [o1°g 1p <Ip 8P# ‘¥ 8P# ‘S AV AV v AAY%:! S AV 204 304
VAl ATIVD Jdd ONI s4d 4148 dND AON 40 ANV 40X AON 24ns oaav dND AON
[ T ¥ 2! [y - 1p <Ip 8P# P 8P# T v v v v v v NV 'y
N4 ATIVD Jdd ONI sdd 4148 dND AON 40 ANV 40X AON 24ns oaav dND AON
| 15 2! €l [org Lp <Ip 8P# ‘€ 8P# €Y v v v vl v 'V (204 (204
Nd ATIVD Jdd ONI sdd 4148 dND AON 40 ANV 40X AON 24ns Jaav dND AON
1o [ 4! 4! [Pr°g:ap <1p 8P# T 8P# T wv (204 W vyl W wv Wy Wy
dd ATIVO Jdd ONI sdd 4L4s dND AON 40 ANV 40X AON 24ns oaav dND AON
o1 I# & & [y 1p <1p 8P# 1Y 8P# T Ny Ny Ny AL Ny Ny R R
o4 ATIVO Jdd ONI sdd 4L4s dND AON 40 ANV 40X AON o4ns oaav dND AON
o1 0# 0d 04 [ar°g - Ip <1p 8P# 04 8P# 0¥ 0d'v 0y 0a'v Yod 0a'v 04V 0V 0’V
ONd ATIVO Jdd ONI sdd 4L4s dND AON 40 ANV 40X AON 2dns oaav dND AON
daa'v 9Ip#dd | Vdd® 440 'V [ar° - 1p <1p 8P#dd® | 8P#dd® | dID 'V iV dd0 'V V440 dd0 'V ddo 'V ddo v ddo 'V
MHOX MAOW MAOW MAOW o4d D dND AON 40 ANV 40X AON odns oaav dND AON
X'V 91P# ‘X1 VP+XI® | PHXID 'V | 1191 a1p Y SPHP+XI® | SPHPHXI® | PHXID YV | PHXID YV | PHXI® 'V | VPHXI® | PHXI® 'V | PHXID 'V | P+XI® 'V | P+XI® 'V
MHOX MAOW MAOW MAOW o4d D dND AON 40 ANV 40X AON 2dns odaav dND AON
as'v 9Ip#dS | VP py [ar'g . np <1p 8P# 1P 8P# IIp py py mpy vp py py pry pry
MHOX MAOW MAOW MAOW o4d D dND AON 40 ANV ()¢ AON 2dns odaav dND AON
2dV 9IP# 'V Ve Y [ar'p - 1p <1p 8P# 'V 8P# YV 8P#V 8P#V 8P#V 8P# 'V 8P# 'V
MHOX MAOW MAOW MAOW o4d D Svad yva 40 ANV 40X 2dns odaav dND AON
daa'v vdd dd dd [ar'g - 1p <1p Vo'V L'V v v v Ly v v A v
MAON MAOW MOdad MONI o4d D MAOW MAOW MO MANV MIOX MHOX MO4NS | MDdav MdIND 2404
X1V VX1 XI XI [ar°g - 1p <1p Vo'V L'V v v v Ly v v A A
MAOW MAOW MOdad MONI o4d D AON AON 40 ANV 40X HOX 2dns odaav dND 104
ds'v vids ds ds [ar°] - 1p <p V'sd Ve XI XI 911ppe 911ppe v v
MAOW MAOW MOdd MONI o4d D J14S WD MAOW AON MdOd MHSNd TIVO dINf NAId NN
2dV Yo v v [2r°0 - Ip <1p Sd°V my v v
MAOW dINI MOad MONI 044 410 LLAS 1O MAOW AON MdOd MHSNd JUEL S 144 dVMS dON
d q a o) q \4 6 8 L 9 S 14 € [ 1 0
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The mask option list of the MB95560H/570H/580H Series is shown in Table 1-20..
m Mask Option List

Table 1-20. Mask Option List

MB95F562H MB95F562K
MB95F563H MB95F563K
MB95F564H MB95F564K
MB95F572H MB95F572K
Part Number MB95F573H MB95F573K
No. MB95F574H MB95F574K
MB95F582H MB95F582K
MB95F583H MB95F583K
MB95F584H MB95F584K
Selectable/Fixed Fixed
1 Low voltage detection reset Without low-voltage detection reset With low-voltage detection reset
2 Reset With dedicated reset input Without dedicated reset input
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A EIC30 External interrupt control register
. Ch. B/Ch. 7 oo 285
ADCA1 A/D converter control register 1 ....... 373 ESCR LIN-UART extended status
ADC2 A/D converter control register 2 ....... 375 control register..........cccoovieeeeniiinen. 312
ADDH A/D converter data register
(U] o] o= S 377
ADDL A/D converter data register F
(o)=Y T 377 FSR Flash memory status register ........... 419
AIDRL A/D input disable register FSR2 Flash memory status register 2 ........ 416
IOWET ... 124, 125 FSR3 Flash memory status register 3. 425
FSR4 Flash memory status register 4 ........ 427
B
BGRO LIN-UART baud rate generator I
register 0 .....occeeevieienee e 316 ILRO Interrupt level setting register O ........ 116
BGR1 LIN-UART baud rate generator ILR1 Interrupt level setting register 1 ........ 116
register 1 ..o 316 ILR2 Interrupt level setting register 2......... 116
ILR3 Interrupt level setting register 3 ........ 116
c ILR4 Interrupt level setting register 4 ........ 116
CMCR Clock monitoring control register...... 401 ILR5 Interrupt level setting register 5......... 116
CMDR Clock monitoring data register ......... 400
CRTDA  Main CR clock dependent L
adjgstment regls.ter..._............ ............. 471 LVDR LVD reset voltage selection ID
CRTH Main CR clock trimming register FEGISTEr ... it 392
(UPPEI) et 469
CRTL Main CR clock trimming register
S 470 P
PDRO Port 0 data register................... 124,125
D PDR1 Port 1 data register................... 124, 125
DDRO Port 0 direction register .......... 124, 125 PDR6 Port 6 data regllster ........................... 124
DDR1 Port 1 direction register ............ 124, 125 PDRF Port F data register................. 124,125
DDRG6 Port 6 direction register.................... 124 PDRG Port G data regls.ter """"""""" 124,125
DDRF Port F direction register............ 124, 125 PLLC PLL Control Reg|§ter .......................... 72
DDRG Port G direction register ........... 124,125 PULO Port 0 pull-up register.............. 124,125
’ PUL6 Port 6 pull-up register .............c......... 124
E PULG Port G pull-up register .............. 124,125
ECCR LIN-UART extended communication R
control register .........ccoccceeviieeiiiennns 314 )
EIC10 External interrupt control register RDR LIN-UART receive data
CN. 216N, B 285 EQISIOT. .o vvrsss vt 310
EIC20 External interrupt control register RSSR Reset source register ..........c.cc.cc...... 108
Cch.4/ch. 5., 285
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SCR

SMR
SSR

STBC
STBC2
SWREO
SyccC

SYCC2
SYSC

T
TOOCRO

TOOCR1

TOODR

TO1CRO

TO1CR1

TO1DR

T10CRO

T10CR1

T10DR

T11CRO

T11CR1

T11DR

TBTC

TDR

TMCRO

TMCR1

WATR

WDTC
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LIN-UART serial control
register ... 304

LIN-UART serial mode register ........ 306
LIN-UART serial status

FEQISter ..t 308
Standby control register ..................... 77
Standby control register 2 .................. 82
Flash memory sector write control

register O .....ooeeiiiiiee 422
System clock control register ............. 70
System clock control register 2 .......... 79
System configuration register........... 481

8/16-bit composite timer 00

status control register O................... 221
8/16-bit composite timer 00

status control register 1................... 227
8/16-bit composite timer 00

data register ........cccoeeeviiiiiics 239
8/16-bit composite timer 01

status control register 0.................... 221
8/16-bit composite timer 01

status control register 1................... 227
8/16-bit composite timer 01

data register ........cccoveveiiiiieiiiees 239
8/16-bit composite timer 10

status control register O................... 224
8/16-bit composite timer 10

status control register 1................... 230
8/16-bit composite timer 10

data register ........cccooeeeviiiiciis 242
8/16-bit composite timer 11

status control register 0.................... 224
8/16-bit composite timer 11

status control register 1.................... 230
8/16-bit composite timer 11

data register ........coooooiiiiniis 242
Time-base timer control

register ... 162
LIN-UART transmit data

register ... 311
8/16-bit composite timer 00/01

timer mode control register .............. 233
8/16-bit composite timer 10/11

timer mode control register .............. 236

Oscillation stabilization wait time
setting register..........ccocevvviiiiiinin 74
Watchdog timer control register ....... 174

WDTH

WDTL

WPCR

WRARHO

WRARH1

WRARH2

WRARLO

WRARL1

WRARL2

WRDRO

WRDR1

WRDR2

WREN

WROR

Register Index

Watchdog timer selection ID

register (UPPEr) ....ccvvevveeerreeeesieeenne 473
Watchdog timer selection ID

register (IOWer)........ccooceeevieiinieeennne 473
Watch prescaler control

register.. ..o 186
Wild register address setting

register upperch. O.......cccceevveinneen.n. 200
Wild register address setting

register upperch. 1.......ccoooeeiveinnnen.. 200
Wild register address setting

register upper ch. 2........cccocevvieeene 200
Wild register address setting

register lower ch. 0 .........ccccceeiiie. 200
Wild register address setting

register lowerch. 1 ... 200
Wild register address setting

register lowerch. 2 .........cccceiiie. 200
Wild register data setting

registerch. O......ccocccoeiiiiiieii 199
Wild register data setting

registerch. 1.......cooooiiiiiiie 199
Wild register data setting

register ch. 2........ccccoiiiiiiiiiecn 199
Wild register address compare

enable register.........cccccooiiiiieeeienen. 201
Wild register data test

setting register.........cccco i 202



Pin Function Index

A
ANOO A/D converter analog input pin

Ch. O e 369
ANO1 A/D converter analog input pin

Cho T e 369
ANO02 A/D converter analog input pin

Ch. 2 o 369
ANO3 A/D converter analog input pin

Ch. 3 e 369
ANO4 A/D converter analog input pin

Ch.d e 369
ANO05 A/D converter analog input pin

Ch. 5 e 369
E
ECO 8/16-bit composite timer 00/01 clock

input Pin ch. O...cccccvviiiiiiiieceee 214
EC1 8/16-bit composite timer 10/11 clock

inputpinch. 1., 215
|
INTO2 External interrupt input pin ch. 2 ...... 281
INTO3 External interrupt input pin ch. 3 ...... 281
INTO4 External interrupt input pinch. 4 ...... 281
INTO5 External interrupt input pinch. 5 ...... 281
INTO6 External interrupt input pin ch. 6 ...... 281
INTO7 External interrupt input pinch. 7 ...... 281
R
RST Reset pin...cccoveivii 390
S
SCK LIN-UART clock input/output pin....... 301
SIN LIN-UART serial data input pin ........ 301
SOT LIN-UART serial data output pin ...... 301
T
TOO00 8/16-bit composite timer 00 output pin

Ch. 0 e 214
TOO01 8/16-bit composite timer 01 output pin

Ch. O e 214

TO10

TO11

CYPRESS
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8/16-bit composite timer 10 output pin

Ch. T 215
8/16-bit composite timer 11 output pin
Ch. T 215
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Interrupt Vector Index
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|
IRQO0 External interruptch. 4..................... 287
IRQO1 External interruptch. 5..................... 287
IRQO2 External interruptch. 2..................... 287
IRQ02 External interruptch. 6..................... 287
IRQO3 External interruptch. 3..................... 287
IRQO3 External interruptch. 7..................... 287
IRQO05 8/16-bit composite timer ch. 0

(IOWET) e 247
IRQO6 8/16-bit composite timer ch. 0

(8] o] o 1= TS 247
IRQ0O7 LIN-UART (reception) ........ccceceernrene 320
IRQ08 LIN-UART (transmission) ................. 320
IRQ14 8/16-bit composite timer ch. 1

(] 0] o1=T o TSP RRR 247
IRQ18 8/10-bit A/D converter.........ccccce..... 378
IRQ19 Time-base timer ...........ccceoveinneen. 164
IRQ20 Watch prescaler.........cccccovviieeeennnns 188
IRQ22 8/16-bit composite timer ch. 1

(IOWET) oo 247
IRQ23 Flash memory .......ccccceiiiiiiincnnn. 456
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Revision History

Major Changes

il

¥ CYPRESS

Embedded in Tomorrow”

Revisions

Changed the series name.
MB95560H Series — MB95560H/570H/580H Series

Added information on the MB95570H Series.

Added information on the MB95580H Series.

CHAPTER 2 NOTES ON DEVICE
HANDLING

2.1 Notes on Device Handling
B Pin Connection
* Cpin

Corrected the following statement.
The decoupling capacitor for the V¢ pin must have a capacitance

larger than Cg.

®
The decoupling capacitor for the V¢ pin must have a capacitance

equal to or larger than the capacitance of Cg.

CHAPTER 7 RESET

7.1 Reset Operation

B Reset Sources

@® Low-voltage detection reset
(optional)

Added the following statement.

However, the LVD reset voltage selection ID register (LVDR) of the
low-voltage detection reset circuit is not reset by the low-voltage
detection reset.

CHAPTER 20 DUAL OPERATION
FLASH MEMORY

20.4 Invoking Flash Memory
Automatic Algorithm

B Command Sequence Table
Table 20.4-1

Revised the following address.
UAA8 — UAAAL/UAA8Y

APPENDIX Corrected the R/W attribute of the CMDR register.
APPENDIX A I/0O Map R/W —» R
B /O Map ! .
Corrected the R/W attribute of the WDTH register.
Table A-2
R/W = R
Corrected the R/W attribute of the WDTL register.
R/W — R
APPENDIX A I/O Map Corrected the R/W attribute of the CMDR register.
B 1/O Map RW —R
Table A-3 Corrected the R/W attribute of the WDTH register.
R/W = R
Corrected the R/W attribute of the WDTL register.
R/W — R
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CHAPTER 6 CLOCK CONTROLLER

6.1 Overview of Clock Controller

B Block Diagram of Clock Control-
ler

Figure 6.1-1

Corrected the connection between the main CR PLL clock oscillator
and the PLLC control register (PLLC).

CHAPTER 10 TIME-BASE TIMER
10.3.1 Time-base Timer Control
Register (TBTC)
B Time-base Timer Control Regis-
ter (TBTC)
Figure 10.3-2

Corrected the interval time (main CR clock multiplied by a PLL
multiplication rate of 2, FyycrpLL = 8 MHz) for the setting TBC[3:0] =
1101.

222 % 1/FycreLL (524.288 5)

®

222 x 1/FpcrpLL (524.288 ms)

CHAPTER 12 WATCH PRESCALER

12.3.1 Watch Prescaler Control Reg-
ister (WPCR)

B Watch Prescaler Control Register

(WPCR)
Figure 12.3-2

Corrected the R/W attribute of the WTC2 bit.
R/X - R/W

CHAPTER 17 8/10-BIT A/D CONVERTER
17.2  Configuration of 8/10-bit A/D

Converter

Corrected the register name of the ADDH and ADDL registers.
A/D converter data registers (ADDH, ADDL)

®

8/10-bit A/D converter data registers (ADDH, ADDL)

Corrected the register name of the ADC1 register.
A/D converter control register 1 (ADC1)

®

8/10-bit A/D converter control register 1 (ADC1)

Corrected the register name of the ADC2 register.
A/D converter control register 2 (ADC2)

®

8/10-bit A/D converter control register 2 (ADC2)

17.2  Configuration of 8/10-bit A/D
Converter
B Block Diagram of 8/10-bit A/D
converter
Figure 17.2-1

Revised the register name of the ADDH and ADDL registers.
A/D converter data registers (ADDH, ADDL)

®

8/10-bit A/D converter data registers (ADDH, ADDL)

Revised the register name of the ADC1 register.
A/D converter control register 1 (ADC1)

®

8/10-bit A/D converter control register 1 (ADC1)

Revised the register name of the ADC2 register.
A/D converter control register 2 (ADC2)

®

8/10-bit A/D converter control register 2 (ADC2)

17.2  Configuration of 8/10-bit A/D
Converter
B Block Diagram of 8/10-bit A/D
converter

Renamed the section "® A/D converter data registers (ADDH/ADDL)"
to "@ 8/10-bit A/D converter data registers (ADDH, ADDL)".

Renamed the section "® A/D converter control register 1 (ADC1)" to
"@ 8/10-bit A/D converter control register 1 (ADC1)".

Renamed the section "® A/D converter control register 2 (ADC2)" to
"@ 8/10-bit A/D converter control register 2 (ADC2)".
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17.6  Operations of 8/10-bit A/D
Converter and Setting Proce-
dure Example

B Operations of 8/10-bit A/D Con-

verter Conversion Function

@® Continuous activation

Figure 17.6-2

Added the settings of the ADDL register.

APPENDIX
APPENDIX A I/O Map
Bl /0 Map

Table A-1

Corrected the R/W attribute of the CMDR register.
R/W — R

Corrected the R/W attribute of the WDTH register.
R/W — R

Corrected the R/W attribute of the WDTL register.
R/W — R

APPENDIX D Pin States
M State of Pins in Each Mode
Table D-1

Deleted HCLK1 from P04/INT04/AN04/SIN/HCLK1/ECO.

Deleted HCLK2 from PO5/INT05/ANO5/TO00/HCLK2.
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