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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 MB95630H Series is a line of products developed as general-purpose products in the New 8FX family of proprietary 8-
bit single-chip microcontrollers applicable as application-specific integrated circuits (ASICs). The MB95630H 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 MB95630H Series of microcontrollers, this manual
describes its functions, features, and operations. You should read through the manual.

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

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

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

Cypress provides sample programs free of charge to operate the peripheral resources of the New 8FX family of
microcontrollers. Feel free to use such sample programs to check the operational specifications and usages of Cypress
microcontoller.

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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How to Use This Manual

Finding a function

The following methods can be used to search for details of a peripheral function in this manual:
m  Searching from Contents

Contents lists the contents in this manual in the order of description.

m  Searching from registers

The address at which a register is located is not mentioned in this manual. To check the address of a register, refer to
“1/0 Map” in the device data sheet.

Chapters

This manual explains one peripheral function in one chapter.
Terminology

This manual uses the following terminology.

Term Explanation
Word Indicates an access in unit of 16 bits.
Byte Indicates an access in unit of 8 bits.
Notations

The notations in "Register Configuration" in this manual are explained below:
m  bit: bit number
m Field: bit field name
m Attribute: Attributes for read access and write access of each bit
o R: Read-only
o W: Write-only
o R/W: Readable/Writable
0 —: Undefined
m Initial value: Initial value of a bit after a reset
a  0: The initial value is "0".
o 1: The initial value is "1".
a  X: The initial value is undefined.
Multiple bits are indicated in this manual in the following way.
m  Example 1: bit7:0 represents bit7 to bit0.
m Example 2: SCM[2:0] represents SCM2 to SCMO.
The values such as those indicating addresses are written in this manual in the following ways:
m Hexadecimal number: The prefix "0Ox" is attached to the beginning of a value (e.g: OxFFFF).
m Binary number: The prefix "Ob" is attached to the beginning of a value (e.g: 0b1111).
m  Decimal number: Only the number is used (e.g: 1234).
In this manual, "n" in a pin name and a register abbreviation represents the channel number.
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This chapter describes the memory access mode.

1.1 Memory Access Mode

1.1 Memory Access Mode

The MB95630H Series supports only one memory access mode: single-chip mode.

1.1.1 Single-chip Mode

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

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

The mode data address is fixed at "OxFFFD". Always set the mode data of the Flash memory to "0x00" to select the single-
chip mode.

Figure 1-1. Mode Data Settings

Address bit7 bt  bit5  bit4  bit3  bit2  bit  bit0
offF0| | [ [ | [ [ | |

Data Operation
0x00 Selects single-chip mode.
Other than 0x00 | Reserved. Do not set mode data to any value other than 0x00.

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.

2.1 Dedicated Registers

2.2 General-purpose Register

2.3 Placement of 16-bit Data in Memory

21 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 bank pointer (DP), and condition code register (CCR).

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 2-1 shows the configuration of the dedicated registers.

Figure 2-1. Configuration of Dedicated Registers

Initial value 16 bits
OXFFFD : PC :
0x0000( AH | AL
ox0000[ TH | 1L
0x0000 | IX
0x0000 | EP |
0x0000 | SP |

0x0030| RP [DP| CCR

N

PS

: 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,
a direct bank pointer, and a condition code.
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Functions of Dedicated Registers

m  Program counter (PC)

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 (OxFFFD).

m  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 "0x0000".

m  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 "0x0000".

m 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 "0x0000".

m 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 "0x0000".

m 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 "0x0000".

m 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-
purpose 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 (0x0078).

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.
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2.1.1 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-
purpose register bank that is currently in use and is translated into a real address when general-purpose register addressing
is used.

2.1.1.1 Configuration of Register Bank Pointer (RP)
Figure 2-2 shows the configuration of the register bank pointer.

Figure 2-2. 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 | I | L1 | ILo | N | z | v | c | 0b00000

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 2-3.

Figure 2-3. Rule for Translation into Real Addresses in General-purpose Register Area

Fixed value RP: Upper Op-code: Lower
w7 07 ‘0" ‘0" 0" “0” “1”| R4 R3 R2 R1 RO | b2 bi b0|

N S N S S N 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, which are specified by setting a value between 0 and 31 in the upper five bits of the register 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 "0x0100" to "0x01FF"(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 "0x0000".

2.1.1.2 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 PS,A" instruction; the two pointers can be read by accessing PS with the "MOVW A,PS" instruction.
Values can also be directly written to and read from the two pointers by accessing "0x0078", the mirror address of the register
bank pointer.
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21.2 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.

2.1.2.1 Configuration of Direct Bank Pointer (DP)
Figure 2-4 shows the configuration of the direct bank pointer.

Figure 2-4. Configuration of Direct Bank Pointer

RP DP CCR
DP
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 | | | L1 | ILO | N | z | v | [ | 0b000

The area of "0x0000 to 0x007F" and that of "0x0090 to 0x047F" can be accessed by direct addressing. Access to 0x0000 to
0x007F is specified by an operand regardless of the value in the direct bank pointer. Access to 0x0090 to 0x047F is specified
by the value of the direct bank pointer and the operand.

Table 2-1 shows the relationship between the direct bank pointer (DP) and the access area; Table 2-2 lists the direct address-
ing instructions.

Table 2-1. Direct Bank Pointer and Access Area

Direct bank pointer (DP[2:0]) Operand-specified dir Access areal@
0bXXX (It does not affect mapping.) 0x0000 to 0x007F 0x0000 to 0x007F
0b000 (Initial value) 0x0090 to OxO00FF 0x0090 to Ox00FF
0b001 0x0080 to OxO0FF 0x0100 to 0x017F
0b010 0x0180 to Ox01FF
0b011 0x0200 to 0x027F
0b100 0x0280 to 0x02FF
0b101 0x0300 to 0x037F
0b110 0x0380 to OxO3FF
0b111 0x0400 to 0x047F

a. : The available access area varies among products. For details, refer to the devicedata sheet
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Table 2-2. 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
MOV W A, dir
MOV W dir,A

213 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.

2.1.3.1 Configuration of Condition Code Register (CCR)
Figure 2-5. Configuration of Condition Code Register (CCR)

RP DP CCR
CCR
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 | | | L1 | 1LO | N | z | \ | ] |0b00110000
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.
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2.1.3.2 Bits Showing Operation Results

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.

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".

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 of an operation is a value other
than "0".

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".

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 2-6 shows how the carry flag is updated by a shift instruction.

Figure 2-6. Carry Flag Updated by Shift Instruction

* Left-shift (ROLC) * Right-shift (RORC)
bit7-= bit0 bit7- » bit0
(cl—{ T[T T T T T T 7T 17 T T T T T T T t>»c]
| A A |
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2.1.3.3 Interrupt Acceptance Control Bits

Interrupt enable flag (l)

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.

Interrupt level bits (IL[1:0])
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 2-3 lists interrupt level priorities. The initial value after a reset is "0b11".

Table 2-3. Interrupt Levels

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

The interrupt level bits (IL[1:0]) are usually "0b11" when the CPU does not service an interrupt (with the main program
running).

For details of interrupts, see 5.1 Interrupts.
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2.2 General-purpose Register

CPU

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.

2.21 Configuration of General-purpose Register

m  The general-purpose register is an 8-bit register and is located in a register bank in the general-purpose register area (in

RAM).

m  Up to 32 banks can be used, each of which consists of eight registers (RO to R7).

m 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 (R0O) to the general-purpose register 7 (R7).

Figure 2-7 shows the configuration of the register banks.

Figure 2-7. Configuration of Register Banks

8 bits
____________ O0x1F8
This address = 0x0100 + 8 x (RP) ‘| .............. -
Address 0x100 —sp=——d—" RO| Ry
RO
R1 R R2
R2 R3
R2
R3 )
R3
R4 R5
Ra R5
R6
R51 Re —1 OxIFF
R6
0x107 R7]. Bank 31
R7 ‘‘‘‘‘‘‘‘
Bank O
Memory area

32 banks

The number of banks
available is restricted by
the available RAM size.

For information on the general-purpose register area available on each product, see “Areas for Specific Application” in the

device data sheet.
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22.2 Features of General-purpose Registers

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

A general-purpose register bank can be allocated exclusively to an interrupt service routine or a vector call (CALLV #0 to #7)
service 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:IL[1:0]) of the condition code register are not modified when modifying a register bank pointer (RP) to specify a register
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 "0x0078" to update the RP.

m As for a product whose RAM size is 256 bytes, the area available for general-purpose registers is from "0x0100" to
"0x018F", which is half of that of the product whose RAM size is 512 bytes or above. Therefore, when using a program
development tool such as a C compiler to set a general-purpose register area, ensure that the area used as a general-
purpose register area does not exceed the size of RAM installed.
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2.3 Placement of 16-bit Data in Memory

This section describes how 16-bit data is stored in memory.

2.3.1 Placement of 16-bit Data in Memory

m 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 2-8 shows how 16-bit data is placed in memory.

Figure 2-8. Placement of 16-bit Data in Memory

execution Memory MOVW 0091 H A execution Memory

0x0090 0x0090
0x0091 0x12 | 0x0091
AL Ox1234 0x0092 ALOXI234 [ 0,54 | 0x0092
0x0093 0x0093

m 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 2-9 shows how 16-bit data in an instruction is placed.

Figure 2-9. Placement of 16-bit Data in Instruction

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

@ Assemble

OxXXXX0 XX XX

OxXXX2 60 56 78 ; Extended address
OxXXX5 E4 12 34 ; 16-bitimmediate data
OxXXX8 XX

m 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.
3.1 Overview

3.2 Oscillation Stabilization Wait Time

3.3 Registers

3.4 Clock Modes

3.5 Operations in Low Power Consumption Mode (Standby Mode)

3.6 Clock Oscillator Circuit

3.7 Overview of Prescaler

3.8 Configuration of Prescaler

3.9 Operation of Prescaler

3.10 Notes on Using Prescaler

3.1 Overview

The New 8FX family has a built-in clock controller that optimizes its power consumption. It supports both of the external
main clock and the external sub 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.

311 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 or 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.

This device has five source clocks: a main clock formed by dividing the main oscillation clock by two, a sub clock formed by
dividing the sub oscillation clock by two, a main CR clock, a main CR PLL clock formed by multiplying the main CR
oscillation clock by the PLL multiplication rate, and a sub-CR clock formed by dividing the sub-CR oscillation clock by two.

29 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



CYPRESS Clock Controller

Embedded in Tomorrow™

3.1.2 Block Diagram of Clock Controller
Figure 3-1 is the block diagram of the clock controller.

Figure 3-1. Block Diagram of Clock Controller

Standby control register 2 (STBC2)
LT -T-T-T-1-71- [seo
To Flash memory
System clock control register 2 (SYCC2) Standby control register (STBC)
[ srov [mroY [scrov[mcrov]sosce|mosce] scre [mcre | [stesp]sesast[mmo | - [ - ] -]
Watch or time-base
timer mode
Sleep mode
Stop mode
System clock selector
T T T Tttt N
Main CR 5) I |
clock oscillator + |
circuit : Prescaler |
Sub-CR \ - !
clock oscillator ©® Divide by (7) | No division !
circuit | e | ; -1 Divide by 4 —» |
T \ Divide by 8 —»] I(8) CIOtCkI — Supply to CPU
- + contro ;
oscillator (1) Divide by 2| © d pivide by 161> ! circuit Supply to perip-
circuit /7 : | heral resources
Subclock | Source clock :
! 2 @ | selection
circuit {Divide by 2] T control circuit :
!
|
!
Main CRPLL | g 1 :
- clock oscillator + |
Oscillation circuit |
stabilization 1 J'
waitcireuit T T L 1 |—=——=—13 ity B e
Clock for time-base timer
} Clock for watch timer
[mPenmPmct]mpmcowProY] - T - T - T - ]
PLL control register (PLLC)
[swra]swr2[swr1[swro[mwra]mwr2[MwT1 [mwTo] [scmz]scmi]somo] scs2 [ scst [scso] pivi [ oivo |
Oscillation stabilization wait time setting register (WATR) System clock control register (SYCC)
(1): Main clock (FcH) (5): Main CR clock (FCRH) (9): Main CR PLL clock (FMCRPLL)
(2): Subclock (FcL) (6): Sub-CR clock (FcRL)
(3): Main clock (7): Source clock (SCLK)
(4): Subclock (8): Machine clock (MCLK)
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Clock Controller

3.1.3 Configuration of Clock Controller
m  Main clock oscillator circuit

This block is the oscillator circuit for the main clock.

m  Sub clock oscillator circuit

This block is the oscillator circuit for the sub clock.

m  Main CR clock oscillator circuit

This block is the oscillator circuit for the main CR clock.

m  Main CR PLL clock oscillator circuit

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

This block is the oscillator circuit for the sub-CR clock.

m  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.

m Clock control circuit

This block controls the supply of the machine clock to the CPU and each peripheral function according to the standby mode
used or oscillation stabilization wait time.

m Oscillation stabilization wait circuit
This block outputs oscillation stabilization wait time signals according to clocks that are enabled to operate.

In the case of main clock, its oscillation stabilization signal can be selected from 14 types of oscillation stabilization signals
created by a dedicated timer in the oscillation stabilization wait circuit. In case of subclock, its oscillation stabilization signal
can be selected from 15 types of oscillation stabilization signals created by the same dedicated timer.

m  System clock control register (SYCC)

This register selects a clock mode and a machine clock divide ratio, and indicates the current clock mode.
m  PLL control register (PLLC)

This register controls the main CR PLL clock multiplication rate settings.

m  Standby control register (STBC)

This register controls 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.

m  System clock control register 2 (SYCC2)

This register enables or disables the oscillations of the main clock, main CR clock, sub clock, and sub-CR clock, and
displays the ready signals of main clock oscillation, main CR clock oscillation, sub clock oscillation and sub-CR clock
oscillation.

m Oscillation stabilization wait time setting register (WATR)
This register sets the oscillation stabilization wait times for the main clock and sub clock.
m Standby control register 2 (STBC2)

This register controls the deep standby mode.
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314 Clock Modes

There are five clock modes:

Main clock mode

Main CR clock mode
Main CR PLL clock mode
Sub clock mode

Sub-CR clock mode.

Clock Controller

Table 3-1 shows the relationships between the clock modes and the machine clock (operating clock for the CPU and

peripheral functions).

Table 3-1. Clock Modes and Machine Clock Selection

Clock mode

Machine clock

Main clock mode

The machine clock is generated by dividing the main clock by two.

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 multiplying the main CR clock by a PLL
multiplication rate.

Sub clock mode

The machine clock is generated by dividing the sub clock by two.

Sub-CR clock mode

The machine clock is generated by dividing the sub-CR clock by two.

In any clock mode, the frequency of a selected clock can be divided.
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3.1.5 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
independently of the clock mode.

Table 3-2 shows the relationships between standby modes and clock supply states.

Table 3-2. Standby Mode and Clock Supply States

Standby mode Clock supply state

Clock supply to the CPU is stopped. As a result, the CPU stops operating, but other

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

Time-base timer mode

Main clock oscillation and sub clock 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.

In every standby mode, two further operating mode options, normal standby mode and deep standby mode, can be selected
by the deep standby mode control bit in the standby control register 2 (STBC2:DSTBYX).

For details, see 3.5.1 Notes on Using Standby Mode.
Note:

m Clocks that are not mentioned in Table 3-2 are supplied under particular settings.
m  For example, with main clock mode being used in stop mode, when SYCC2:SOSCE or SYCC2:SCRE has been set to “1”,
the watch prescaler continues its operation.

In addition, with the hardware watchdog timer already started, the watchdog timer operates also in standby mode, depending
on the settings of the non-volatile register (NVR) interface. For details of the non-volatile register (NVR) interface, see
Chapter 27. Non-Volatile Register (NVR) Interface
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3.1.6

Combinations of Clock Mode and Standby Mode

Table 3-3 and Table 3-4 list the combinations of clock mode and standby mode, and the respective operating states of

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

Clock Controller

Table 3-3. Combinations of Standby Mode and Clock Mode, and Internal Operating States (1)

RUN Sleep
Main CR Main CR
Function | Main clock |1°X™M2%/| su clock | Sub-CR | Main clock 'K M09/} gh clock | Sub-CR
mode HaieR mode clock mode mode Hamici mode clock mode
PLL clock PLL clock
mode mode
Main clock Operating Stoppedm Stopped Operating Stopped[” Stopped
Main CR clock/
Main CRPLL | Stoppedl? | Operating Stopped Stopped!? | Operating Stopped
clock
Sub clock Operatingf®! Operating | Operatingl®! Operatingl®! Operating | Operating!®!
Sub-CR clock Operatingl! Operating!! | Operating Operatingl¥l Operating!¥l | Operating
CPU Operating Operating Stopped Stopped
Flash memory Operating Operating Value held®! Value held!®!
RAM Operating Operating Value held Value held
1/O ports Operating Operating Output held Output held
;Ii':eer-base Operating Stopped Operating Stopped
Watch . . . .
prescaler Operating!3l [4] Operating Operating(3}: (4] Operating
External . ) . .
interrupt Operating Operating Operating Operating
Hardware . . . X
watchdog timer Operating Operating Operating!™! Operating!®!
Software . .
watchdog timer Operating Operating Stopped Stopped
Low-voltage . ) . .
detection reset Operating Operating Operating Operating
Other
peripheral Operating Operating Operating Operating
functions

[1]: The main clock runs when the main clock oscillation enable bit in the system clock control register 2 (SYCC2:MOSCE) is set to "1".

1

[2]: The main CR clock or the main CR PLL clock runs when main CR clock oscillation enable bit in the system clock control register 2 (SYCC2:MCRE) is set to

[3]:'The module runs when the sub clock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE) is set to "1".
[4]: The module runs 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 (NVR) interface.

[6]: The state of the Flash memory in a standby mode can be selected from two options, normal state and low-power state, by the deep standby mode control bit
in the standby control register 2 (STBC2:DSTBYX).

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 34



CYPRESS

Embedded in Tomorrow™

Clock Controller

Table 3-4. Combinations of Standby Mode and Clock Mode and Internal Operating States (2)

Time-base timer Watch Stop
Main CR Main CR
Function | Main clock |“1°K™M9¢/| . clock | Sub-CR | Main clock |9k M9/ | gp clock | SUP-CR
mode MaICR mode clock mode mode LIS mode At
PLL clock PLL clock mode
mode mode

Main clock Operating | Stopped!" Stopped Stopped
Main CR clock/
Main CRPLL | Stopped? | Operating Stopped Stopped
clock
Subclock Operatingl®! Operating | Operatingl®! Operatingl®! Stopped
Sub-CR clock Operating¥! Operatingt*! | Operating Operating!*! Stopped
CPU Stopped Stopped Stopped
Flash memory Value held!® Value held!®] Value held!®
RAM Value held Value held Value held
1/0 ports Output held / Hi-Z Output held/Hi-Z Output held/Hi-Z
Time-base .
timer Operating Stopped Stopped
Watch . : .
prescaler Operating ¥114] Operating Operating 131 141 Stopped
External . . )
interrupt Operating Operating Operating
Hardware . X .
watchdog timer Operating!®! Operating!®] Operatingl®!
Software
watchdog timer Stopped Stopped Stopped
Low-voltage ) . )
detection reset Operating Operating Operating
Other
peripheral Stopped Stopped Stopped
functions

[1]: The main clock runs 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 runs when main CR clock oscillation enable bit in the system clock control register 2 (SYCC2:MCRE) is set to

-

[3]: The module runs when the sub clock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE) is set to "1".
[4]: The module runs 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 (NVR) interface.

[6]: The state of the Flash memory in a standby mode can be selected from two options, normal state and low-power state, by the deep standby mode control bit
in the standby control register 2 (STBC2:DSTBYX).
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3.2 Oscillation Stabilization Wait Time

The oscillation stabilization wait time is the time after the oscillator circuit stops oscillation until the oscillator resumes its
stable oscillation at its natural frequency. 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.

3.2.1 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 stop mode or by the software operation,
before making the clock mode transit to another mode, the clock controller automatically waits for the oscillation stabilization
wait time of the clock for that mode to elapse.

Figure 3-2 shows how the oscillator runs immediately after starting oscillating.

Figure 3-2. Behavior of Oscillator Inmediately after Starting Oscillation

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

Oscillation stabilization wait time of main clock, sub clock, 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 3-5 shows the length of oscillation stabilization wait time.

Table 3-5. Oscillation Stabilization Wait Time

Clock Reset source Oscillation stabilization wait time

Power-on reset Initial value: (214-2)/FCH (Fcn: main clock frequency)

Main clock
Other than power-on reset | Register settings (WATR:MWT[3:0])

Power-on reset Initial value: (215-2)/FC|_ (FcL: sub clock frequency)
Sub clock

Other than power-on reset Register settings (WATR:SWTI[3:0])
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3.2.2 PLL Clock Oscillation Stabilization Wait Time

As with the oscillation stabilization wait time of the oscillator, when a request for state transition from PLL oscillation stopped
state to PLL oscillation start is generated due to an interrupt in stop mode or a change of clock mode by software, the clock
controller first waits for the main CR clock oscillation stabilization wait time to elapse, and then automatically waits for the
PLL clock oscillation stabilization wait time to elapse.

Table 3-6 shows the PLL oscillation stabilization wait time.

Table 3-6. PLL Oscillation Stabilization Wait Time

PLL oscillation stabilization wait time

Main CR PLL clock 2"2/FycrpLL?

a. FycrpLL = 16 MHz

323 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.

Table 3-7 shows the CR oscillation stabilization wait time.

Table 3-7. CR Oscillation Stabilization Wait Time

CR oscillation stabilization wait time

Main CR clock 2'0F cri?

Sub-CR clock 25/FCRLb

a. FCRH =4 MHz
b. Fcre = 150 kHz

3.24 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 3.4 Clock Modes and 3.5 Operations in Low Power Consumption Mode (Standby Mode).
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3.2.5 Order of Priority for Oscillation Stabilization Wait Times

When multiple clocks are enabled simultaneously, the clock controller counts the respective oscillation stabilization wait
times of clocks according to a designated order of priority. Below are the respective orders of priority for counting different

oscillation stabilization wait times in different clock modes.

Main clock mode
Sub-CR clock > Sub clock > Main CR clock > Main CR PLL clock

Main CR clock mode
Sub-CR clock > Sub clock > Main CR PLL clock > Main clock

Main CR PLL clock mode
Sub-CR clock > Sub clock > Main clock

Sub clock mode
Sub-CR clock > Main CR clock or main clock > Main CR PLL clock

Sub-CR clock mode
Main CR clock or main clock > Sub clock > Main CR PLL clock
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3.3 Registers

This section provides details of registers of the clock controller.
Table 3-8. List of Clock Controller Registers

abi?g\i/?:i;n Register name Reference
SYCC System clock control register 3.31
PLLC PLL control register 3.3.2
WATR Oscillation stabilization wait time setting register 3.3.3
STBC Standby control register 3.34
SYCC2 System clock control register 2 3.35
STBC2 Standby control register 2 3.3.6

3.3.1 System Clock Control Register (SYCC)

The system clock control register (SYCC) selects a machine clock divide ratio and a clock mode, and indicates the current
clock mode.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field SCM2 SCM1 SCMO SCS2 SCS1 SCS0 DIV1 DIVO
Attribute R R R R/W R/W R/W R/W R/W

Initial value X X X 1 1 0 1 1

Register Functions
[bit7:5] SCM[2:0]: Clock mode monitor bits

These bits indicate the current clock mode.

These bits are read-only bits. Writing values to these bits has no effect on operation.

bit7:5 Details
Reading "000" Indicates that the current clock mode is sub clock mode.
Reading "010" Indicates that the current clock mode is main clock mode.
Reading "100" Indicates that the current clock mode is sub-CR clock mode.
Reading "110" Indicates that the current clock mode is main CR clock mode.
Reading "111" Indicates that the current clock mode is main CR PLL clock mode.
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[bit4:2] SCS[2:0]: Clock mode select bits

These bits select a clock mode.

Clock Controller

bit4:2 Details
Writing "000" Selects sub clock mode.
Writing "010" Selects main clock mode.
Writing "100" Selects sub-CR clock mode.
Writing "110" Selects main CR clock mode.
Writing "111" Selects main CR PLL clock mode.

Note:

Do not write to SCS[2:0] any value other than those listed in the table above.

[bit1:0] DIV[1:0]: 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.

bit1:0 Details
Writing "00" Source clock (no division)
Writing "01" Source clock/4
Writing "10" Source clock/8
Writing "11" Source clock/16
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Register Configuration

PLL Control Register (PLLC)

The PLL control register (PLLC) controls the main CR PLL clock multiplication rate settings.
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bit 7 6 5 4 3 0
Field MPEN MPMCA1 MPMCO MPRDY — —
Attribute R/W R/W R/W R — —
Initial value 0 0 0 X 0 0

Register Functions

[bit7] MPEN: Main CR PLL clock enable bit

This bit enables or disables the main CR PLL clock.

When SCS[2:0] are set to "0b111", this bit is automatically set to "1".

When SCS[2:0] or SCM[2:0] are set to "0b111", writing "0" to this bit has no effect on operation.

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

bit7 Details
Writing "0" Disables the main CR PLL clock.
Writing "1" Enables the main CR PLL clock.

[bit6:5] MPMC[1:0]: Main CR PLL clock multiplication rate select bits
These bits select a main CR PLL clock multiplication rate.

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, sub class mode or sub-CR clock mode.

bit6:5 Details
Writing "00" Main CR clock x 2
Writing "01" Main CR clock x 2.5
Writing "10" Main CR clock x 3
Writing "11" Main CR clock x 4
Note:

When SCS[2:0] or SCM[2:0] are set to "0b111", writing values to MPMC[1:0] is prohibited.

[bit4] MPRDY: Main CR PLL clock oscillation stabilization bit

This bit indicates whether the main CR PLL clock oscillation is ready.

bit4 Details

Indicates that main CR PLL clock is in the oscillation stabilization wait state or that the main CR PLL
clock oscillation has stopped.

Reading "0"

Reading "1" Indicates that the main CR PLL clock oscillation wait time is over.

[bit3:0] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.
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3.3.3 Oscillation Stabilization Wait Time Setting Register (WATR)

The oscillation stabilization wait time setting register (WATR) sets oscillation stabilization wait times.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field SWT3 SWT2 SWT1 SWTO MWT3 MWT2 MWT1 MWTO
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 1 1 1 1 1 1 1 1

Register Functions

[bit7:4] SWT[3:0]: Sub clock oscillation stabilization wait time select bits

These bits select the sub clock oscillation stabilization wait time.

Details

bit7:4 No. of cycles Sub clock (F¢) = 32.768 kHz
Writing "1111" 215_2 (2"5-2)/F¢, About 1.0 s
Writing "1110" 2142 (2"4-2)/Fc, About 0.5 s
Writing "1101" 2132 (2"3-2)/F¢, About 0.25 s
Writing "1100" 2129 (2'%-2)/F ¢, About 0.125 s
Writing "1011" 2.2 @"-2)/FqL About 62.44 ms
Writing "1010" 2102 (21%-2)/F¢, About 31.19 ms
Writing "1001" 29.2 (2%-2)/F ¢, About 15.56 ms
Writing "1000" 28.2 (28-2)/FC|_ About 7.75 ms
Writing "0111" 272 (27-2)/F¢L About 3.85 ms
Writing "0110" 26.2 (28-2)/F ¢, About 1.89 ms
Writing "0101" 25.2 (25-2)/FC|_ About 915.5 ps
Writing "0100" 24.2 (2*-2)/FcL About 427.2 ps
Writing "0011" 23.2 (23-2)/F¢, About 183.1 ps
Writing "0010" 222 (22-2)/FC|_ About 61.0 ps
Writing "0001" 212 (2"-2)/F¢L 0.0 us
Writing "0000" 2.2 (2"-2)/Fg. 0.0 us

The number of cycles in the above table is the minimum value. The maximum value is the number of cycles in the above
table plus 1/F¢,.

Note:

Do not modify these bits during sub clock oscillation stabilization wait time. Modify them when the sub clock oscillation
stabilization bit in the system clock control register 2 (SYCC2:SRDY) has been set to "1". These bits can be modified when
the sub clock is stopped with the sub clock oscillation stop bit in the system clock control register 2 (SYCC2:SOSCE) set to
"0" in main clock mode, main CR clock mode, main CR PLL clock mode, or sub-CR clock mode.
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[bit3:0] MWT[3:0]: Main clock oscillation stabilization wait time select bits

These bits select the main clock oscillation stabilization wait time.

Details
bit3:0 -

No. of cycles Main clock (Fcy) = 4 MHz
Writing "1111" 2149 (2" - 2)/Fcyy About 4.10 ms
Writing "1110" 2132 (2"3 - 2)/Fcy About 2.05 ms
Writing "1101" 2129 (22 - 2)/F ey About 1.02 ms
Writing "1100" 212 " - 2)F¢y About 511.5 s
Writing "1011" 210_9 (2'°- 2)/Fey About 255.5 ps
Writing "1010" 22.2 (29-2)/Fcy About 127.5 ps
Writing "1001" 28.2 (28 - 2)/Fcy About 63.5 s
Writing "1000" 27.2 (27 - 2)Fch About 31.5 s
Writing "0111" 26.2 (25- 2)IFcn About 15.5 us
Writing "0110" 25.2 (25 - 2)/Fcn About 7.5 ps
Writing "0101" 24.2 (2% - 2)/Fch About 3.5 ps
Writing "0100" 28.2 (23- 2)IFcu About 1.5 ps
Writing "0011" 22.2 (22 - 2)/Fcn About 0.5 ps
Writing "0010" 21.2 2" - 2)Fcy 0.0 us
Writing "0001" 21.2 @'-2)/Fcy 0.0 ps
Writing "0000" 21.2 2" - 2)Fcy 0.0 s

The number of cycles in the above table is the minimum value. The maximum value is the number of cycles in the above
table plus 1/Fcp.

Note:

Do not modify these bits during main clock oscillation stabilization wait time. Modify them when the main clock oscillation
stabilization bit in the system clock control register 2 (SYCC2:MRDY) has been set to "1". These bits can 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, main CR PLL clock mode, sub clock mode, or sub-CR clock mode.

43 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



Embedded in Tomorrow™

3.3.4

of software resets.

Register Configuration

Standby Control Register (STBC)

The standby control register (STBC) controls transition from the RUN state to sleep mode, stop mode, time-base timer
mode, or watch mode, sets the pin state in stop mode, time-base timer mode, and watch mode, and controls the generation

bit 7 6 5 4 3
Field STP SLP SPL SRST TMD
Attribute W w R/IW w W
Initial value 0 0 0 0 0
Register Functions
[bit7] STP: Stop bit
This bit sets the transition to stop mode.
The read value of this bit is always "0".
bit7 Details
Writing "0" Has no effect on operation.
Writing "1" Causes the device to transit to stop mode.

Note:

After an interrupt request is generated, writing "1" to this bit is ignored. For details, see 3.5.1 Notes on Using Standby Mode.

[bit6] SLP: Sleep bit
This bit sets the transition to sleep mode.

The read value of this bit is always "0".

bit6

Details

Writing "0" Has no effect on operation.

Writing "1"

Causes the device to transit to sleep mode.

Note:

After an interrupt request is generated, writing "1" to this bit is ignored. For details, see 3.5.1 Notes on Using Standby Mode.

[bit5] SPL: Pin state setting bit

This bit sets the states of external pins in stop mode, time-base timer mode, and watch mode.

bit5 Details
Writing "0" The state (level) of an external pin in stop mode, time-base timer mode and watch mode is kept.
e nam An external pin becomes high impedance in stop mode, time-base timer mode and watch mode. (A
Writing "1 ) ) . . ) . .
pin for which connection to a pull-up resistor has been selected in the pull-up register is pulled up.)
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[bit4] SRST: Software reset bit
This bit sets the software reset.

The read value of this bit is always "0".

bit4 Details
Writing "0" Has no effect on operation.
Writing "1" Generates a 3-machine clock reset signal.

[bit3] TMD: Watch bit
This bit sets transition to time-base timer mode or watch mode.

Writing "1" to this bit in main clock mode, main CR clock mode, or main CR PLL clock mode causes the device to transit to
time-base timer mode.

Writing "1" to this bit in sub clock mode or sub-CR clock mode causes the device to transit to watch mode.
Writing "0" to this bit has no effect on operation.

The read value of this bit is always "0".

Details
bit3 i i
aleain CIOCI.( (e, el (R Elesl e o In subclock mode or sub-CR clock mode
main CR PLL clock mode
Writing "0" Has no effect on operation. Has no effect on operation.
Writing "1" Snilésees the device o transit to time-base timer Causes the device to transit to watch mode
Note:

After an interrupt request is generated, writing "1" to this bit is ignored. For details, see 3.5.1 Notes on Using Standby Mode.

[bit2:0] 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 select bits (SYCC:SCS[2:0]) in the system clock control
register.

m 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.
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3.3.5

System Clock Control Register 2 (SYCC2)

Clock Controller

The system clock control register 2 (SYCCZ2) indicates the respective stabilization conditions of main clock oscillation, sub
clock oscillation, main CR clock oscillation and sub-CR clock oscillation, and controls main clock oscillation, subclock

oscillation, main CR clock oscillation and sub-CR clock oscillation.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field SRDY MRDY SCRDY MCRDY SOSCE MOSCE SCRE MCRE
Attribute R R R R R/W R/IW R/W R/IW
Initial value X X X X 0 0 1 1

Register Functions

[bit7] SRDY: Sub clock oscillation stabilization bit
This bit indicates whether the sub clock oscillation has become stable.

This bit is read-only. Writing a value to this bit has no effect on operation.

bit7 Details

Reading "0 clock oscillation has stopped.

Indicates that the clock controller is in the sub clock oscillation stabilization wait state or that the sub

Reading "1" Indicates that the sub clock oscillation wait time is over.

[bit6] MRDY: Main clock oscillation stabilization bit
This bit indicates whether the main clock oscillation has become stable.

This bit is read-only. Writing a value to this bit has no effect on operation.

bit6 Details

Reading "0 clock oscillation has stopped.

Indicates that the clock controller is in the main clock oscillation stabilization wait state or that the main

Reading "1" Indicates that the main clock oscillation wait time is over.

[bit5] SCRDY: Sub-CR clock oscillation stabilization bit
This bit indicates whether the sub-CR clock oscillation has become stable.

This bit is read-only. Writing a value to this bit has no effect on operation.

bit5 Details

Reading "0 sub-CR clock oscillation has stopped.

Indicates that the clock controller is in the sub-CR clock oscillation stabilization wait state or that the

Reading "1" Indicates that the sub-CR clock oscillation wait time is over.
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[bitd] MCRDY: Main CR clock oscillation stabilization bit
This bit indicates whether the main CR clock oscillation has become stable.

This bit is read-only. Writing a value to this bit has no effect on operation.

¢ CYPRESS
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—

bit4 Details

Reading "0 main CR clock oscillation has stopped.

Indicates that the clock controller is in the main CR clock oscillation stabilization wait state or that the

Reading "1" Indicates that the main CR clock oscillation wait time is over.

[bit3] SOSCE: Sub clock oscillation enable bit
This bit enables or disables the sub clock oscillation.

When SCSJ[2:0] are set to “0b000”, this bit is automatically set to "1".

When SCS[2:0] or SCM[2:0] are set to “0b000”, writing “0” to this bit has no effect on operation.

bit3 Details
Writing "0" Disables the sub clock oscillation.
Writing "1" Enables the sub clock oscillation.

[bit2] MOSCE: Main clock oscillation enable bit
This bit enables or disables the main clock oscillation.

When SCS[2:0] are set to “0b010”, this bit is automatically set to “1”.

When SCS[2:0] or SCM[2:0] are set to “Ob010”, writing “0” to this bit has no effect on operation.

This bit is automatically set to “0” when the clock mode is changed from one mode to another mode other than main clock

mode.

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

bit2 Details
Writing “0” Disables the main clock oscillation.
Writing “1” Enables the main clock oscillation.

[bit1] SCRE: Sub-CR clock oscillation enable bit
This bit enables or disables the sub-CR clock oscillation.

When SCSJ[2:0] are set to “0b100”, this bit is automatically set to “1”.

When SCS[2:0] or SCM[2:0] are set to “0b100”, writing “0” to this bit has no effect on operation.

When SCS[2:0] and SCM[2:0] are not set to “Ob100”, this bit can be modified independently of other bits.

bit1 Details
Writing “0” Disables the sub-CR clock oscillation.
Writing “1” Enables the sub-CR clock oscillation.
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[bit0] MCRE: Main CR clock oscillation enable bit

This bit enables or disables the main CR clock oscillation.

When SCSJ[2:0] are set to “Ob110” or “Ob111”, this bit is automatically set to “1”.
When SCSJ[2:0] or SCM[2:0] are set to “Ob110” or “Ob111”, writing “0” to this bit has no effect on operation.

Clock Controller

This bit is 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 sub clock mode or sub-CR clock mode, writing “1” to this bit has no effect on operation.

bit0

Details

Writing “0”

Disables the main CR clock oscillation.

Writing “1”

Enables the main CR clock oscillation.
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3.3.6 Standby Control Register 2 (STBC2)

The standby control register 2 (STBC2) controls the deep standby mode.

Register Configuration

Embedded in Tomorrow™

bit 7 6 5 4 3 2 1 0
Field — — — — — — — DSTBYX
Attribute — — — — — — — R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:1] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bit0] DSTBYX: Deep standby mode control bit

This bit makes the device transit to deep standby mode by setting the Flash memory to the low-power state in standby

mode.
bit0 Details
Writing 0 Sets the Flash memory to the low-power state when the device enters standby mode according to the
9 setting of the standby control register (STBC). (deep standby mode)
Writing “1” Keeps the Flash memory at the normal state when the device enters standby mode according to the
9 setting of the standby control register (STBC). (normal standby mode)
Notes:

Waking up the device from deep standby mode and waking up the device from the normal standby mode have the following

difference.

Maximum time required to wake up the device from deep standby mode
(SCLK: source clock, MCLK: machine clock)

In main clock mode, main CR clock
mode, or main CR PLL clock mode

(10 SCLK + 150 ps + 6 MCLK) +

time required to wake up the device from
normal standby mode

mode

In sub clock mode or sub-CR clock

(2 SCLK + 150 ps + 6 MCLK) +

time required to wake up the device from
normal standby mode

m Refer to “Electrical Characteristics” in the device data sheet for the difference between the deep standby mode and the
normal standby mode in power consumption.

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

invoked.
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3.4 Clock Modes

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

3.4.1 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 sub clock 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.

3.4.2 Operations in Sub clock Mode

In sub clock mode, main clock oscillation is stopped* and the sub 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.

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

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

In main CR clock mode or main CR PLL clock mode, the main CR clock or 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 CR clock or
the main CR PLL clock.

The watch prescaler operates using the sub clock 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
following standby mode: sleep mode, stop mode, or time-base timer mode.

3.4.4 Operations in Sub-CR Clock Mode

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.

*: The oscillation of the main clock, main CR clock, or main CR PLL clock is automatically disabled (writing "0" to SYCC2:MOSCE, SYCC2:MCRE or
PLLC:MPEN respectively) when the clock mode transits from main clock mode, main CR clock mode or main CR PLL clock mode to sub clock mode or sub-

CR clock mode. In sub clock mode or sub-CR clock mode, writing "1" to SYCC2:MOSCE, SYCC2:MCRE or PLLC:MPEN cannot enable the main clock, the
main CR clock, or the main CR PLL clock respectively.

3.4.5 Clock Mode State Transition Diagram

There are five clock modes: main clock mode, sub clock 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).
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Figure 3-3. Clock Mode State Transition Diagram
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Table 3-9. Clock Mode State Transition Table (Sheet 1 of 2)

Current State Next State Description

After a reset, the device waits for the main CR clock oscillation stabilization wait time and
the sub-CR clock oscillation stabilization wait time to elapse and transits to main CR
<1> |Reset state Main CR clock [clock mode. Even if that reset is a watchdog reset, software 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.

The device transits to sub-CR clock mode when the clock mode select bits in the system
(1) clock control register (SYCC:SCSJ[2:0]) are set to "Ob100".

However, when 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
Sub-CR clock |device waits for the sub-CR clock oscillation stabilization wait time to elapse before
transiting to sub-CR clock mode. In other words, when the sub-CR clock oscillation is
enabled in advance, and the sub-CR clock oscillation stabilization bit in the system clock
(2) control register 2 (SYCC2:SCRDY) is "1", the device transits to sub-CR clock mode
immediately after the clock mode select bits (SYCC:SCS[2:0]) are set to "0b100".

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

(3)  |Main CR clock/ are .set.to "ObOQp", Fhe deyicg transits to sub clock mode after waiting for the sub clock
Main CR PLL oscillation stabilization V\./alt.tlmé. . o
When the sub clock oscillation is enabled by the setting of the sub clock oscillation
clock Sub clock

enable bit in the system clock control register 2 (SYCC2:SOSCE), and the sub clock
oscillation stabilization bit in the system clock control register 2 (SYCC2:SRDY) is "1",
(4) the device transits to sub clock mode immediately after the clock mode select bits
(SYCC:SCS[2:0]) are set to "0b000".

When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
(5) are set to "0b010", the device transits to main clock mode after waiting for the main clock
oscillation stabilization wait time.

When the main clock oscillation is enabled by the setting of the main clock oscillation
enable bit in the system clock control register 2 (SYCC2:MOSCE), and the main clock
oscillation stabilization bit in the system clock control register 2 (SYCC2:MRDY) is "1",
(6) the device transits to main clock mode immediately after the clock mode select bits
(SYCC:SCS[2:0]) are set to "0b010".

Main clock

When the clock mode select bits in the system clock control register (SYCC:SCS|[2:0])
are set to "0b110", the device transits to main CR clock mode after waiting for the main
CR clock oscillation stabilization wait time. When the main CR clock oscillation is

@) enabled by the setting of the main CR clock oscillation enable bit in the system clock
control register 2 (SYCC2:MCRE), and the main CR clock oscillation stabilization bit in
the system clock control register 2 (SYCC2:MCRDY) is "1", the device transits to main
Main CR clock/ |CR clock mode immediately after the clock mode select bits (SYCC:SCSJ[2:0]) are set to
Main CR PLL  |"Ob110".

clock When the clock mode select bits in the system clock control register (SYCC:SCS|[2:0])
are set to "0b111", the device transits to main CR PLL clock mode after waiting for the
main CR PLL clock oscillation stabilization wait time. When the main CR PLL clock

(8) oscillation is enabled by the setting of the main CR PLL clock enable bit in the PLL
control register (PLLC:MPEN), and the main CR PLL clock oscillation stabilization bit in
the PLL control register (PLLC:MPRDY) is "1", the device transits to main CR PLL clock
mode immediately after the clock mode select bits (SYCC:SCSJ[2:0]) are set to "0b111".

Main clock

9

212)) Sub-CR clock  |Same as (1) and (2)
(1) Sub clock

12) ub clocl Same as (3) and (4)
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Table 3-9. 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 “0b110”, the device transits to main CR clock mode after waiting for the main
Main CR clock/ o I o
(13) Main CR PLL 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 “0b111”, the device transits to main CR PLL clock mode after waiting for the
main CR PLL clock oscillation stabilization wait time.
Sub-CR clock
When the clock mode select bits in the system clock control register (SYCC:SCS[2:0])
(14) Main clock are set to "0b010", the device transits to main clock mode after waiting for the main clock
oscillation stabilization wait time.
(15)
Sub clock Same as (3) and (4)
(16)
Main CR clock/
17) Main CR PLL |Same as (13)
clock
(18) |Sub clock Main clock Same as (14)
(19)
Sub-CR clock |Same as (1) and (2)
(20)
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3.5 Operations in Low Power Consumption Mode (Standby Mode)

There are four standby modes: sleep mode, stop mode, time-base timer mode and watch mode.

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.

When the clock mode returns from standby mode due to a reset, the device returns to main CR clock mode. When the clock
mode returns from standby mode due to an interrupt, the device returns to the previous clock mode before transiting to
standby mode.

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

Refer to the device data sheet for the states of all pins in standby mode.

3.5.1 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 function. 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.

3.5.1.1 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.
During 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 runs 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
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).

3.5.1.2 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:SCSJ[2:0]) in the system clock control register.

3.5.1.3 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 "0b11" 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:IL[1:0]) of the condition code register of the CPU.
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3.5.1.4 The standby mode is also released when the CPU rejects interrupts.

When an interrupt request whose interrupt level is higher than "0b11" 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:IL[1:0]) 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
settings 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.

3.5.1.5 In every standby mode, the following two operating modes can be selected.
1. Deep standby mode (STBC2:DSTBYX = 0)

In standby mode, the power consumption in deep standby mode is lower than that in normal standby mode. However, since
the device has to wait for the Flash recovery wait time to elapse before being woken up from deep standby mode by a reset
or an interrupt source, it takes more time to wake up the device from deep standby mode than from normal standby mode.

2. Normal standby mode (STBC2:DSTBYX = 1)

In standby mode, the power consumption in normal standby mode is higher than that in deep standby mode. However, since
the device does not have to wait for the Flash recovery wait time to elapse before being woken up from normal standby
mode by a reset or an interrupt source, it takes lesser time to wake up the device from deep standby mode than from normal
standby mode.

For details of the Flash recovery wait time, see Table 3-11. For the difference between deep standby mode and normal
standby mode in power consumption, refer to “Electrical Characteristics” in the device data sheet.
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3.5.1.6 Standby Mode State Transition Diagram (with Deep Standby Mode Disabled)
Figure 3-4 shows a standby mode state transition diagram (with deep standby mode disabled).

Figure 3-4. Standby Mode State Transition Diagram (with Deep Standby Mode Disabled)
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Table 3-10. Table of State Transition with Deep Standby Mode Disabled (Transition to and from Standby Mode)

State transition Description

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

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 waits for the main CR clock oscillation
stabilization wait time and the sub-CR clock oscillation stabilization wait time to elapse.

<1>

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
function.

M

Sleep mode

)

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

Stop mode In response to an external interrupt, after waiting for the elapse of the oscillation

(4) stabilization wait time required according to the current clock mode, 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
(5) standby control register (STBC:TMD) in main clock mode, main CR clock mode, or
Time-base timer mode main CR PLL clock mode.

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

(©)

(6)

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

()
Watch mode

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

8)
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3.5.1.7 Standby Mode State Transition Diagram (with Deep Standby Mode Enabled)

Figure 3-5 shows a standby mode state transition diagram (with deep standby mode enabled).

Figure 3-5. Standby Mode State Transition Diagram (with Deep Standby Mode Enabled)
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Table 3-11. 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

stabilization 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).

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

During the Flash recovery wait time, the device transits to sleep mode. (The CPU stops
its operation; the peripheral function resumes its operation.)

However, if a program is being executed on the RAM, no Flash recovery wait time
oceurs.

M

Sleep mode

&)

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

In response to an external interrupt, after the oscillation stabilization wait time required
according to the current clock mode and the Flash recovery wait time elapse, the
device returns to the RUN state.

When the oscillation stabilization wait time is shorter than the Flash recovery wait time,
after the oscillation stabilization wait time elapses, the device transits to sleep mode
and remains in sleep mode until the Flash recovery wait time elapses.

When the oscillation stabilization wait time is longer than the Flash recovery wait time,
after the oscillation stabilization wait time elapses, the device returns to the RUN state.
However, if a program is being executed on the RAM, no Flash recovery wait time
occurs.

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.

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

During the Flash recovery wait time, the device transits to sleep mode. (The CPU stops
its operation; the peripheral function resumes its operation.)

However, if a program is being executed on the RAM, no Flash recovery wait time
occurs.

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

In response to an interrupt from a peripheral function, after the Flash recovery wait time
Watch mode elapses, the device returns to the RUN state.

During the Flash recovery wait time, the device transits to sleep mode. (The CPU stops
its operation; the peripheral function resumes its operation.)

However, if a program is being executed on the RAM, no Flash recovery wait time
occurs.

(©)

Stop mode
4)

®)

Time-base timer mode

(6)

@)

®)
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3.5.2 Sleep Mode

In sleep mode, the operations of the CPU and watchdog timer are stopped.

3.5.2.1 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
registers 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 their operations.

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 continues its operation. For details, see Chapter 27.Non-
Volatile Register (NVR) Interface.

m Transition to sleep mode

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

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

With the deep standby mode control bit (STBC2:DSTBYX) set to "0", even after a reset occurs or an interrupt is generated
by a peripheral function, the device continues operating in sleep mode until the Flash recovery wait time elapses.

However, if a program is being executed on the RAM, no Flash recovery wait time occurs.
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3.5.3 Stop Mode

In stop mode, the main clock, the main CR clock, the main CR PLL clock and the sub clock are stopped.

3.5.3.1 Operations in Stop Mode

In stop mode, the main clock, the main CR clock, the main CR PLL clock and the sub clock 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 continues its operation. For details, see Chapter 27.Non-Volatile
Register (NVR) Interface

m 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 register).

m 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 Chapter 27.Non-Volatile Register (NVR) Interface.

With the deep standby mode control bit (STBC2:DSTBYX) set to "0", after a reset occurs or an interrupt is generated by a
peripheral function, the device executes different operations, depending on the relation between the oscillation stabilization
wait time and the Flash recovery wait time as explained below.

m  When the oscillation stabilization wait time is shorter than the Flash recovery wait time

After the oscillation stabilization wait time elapses, the device transits to sleep mode and remains in sleep mode until the
Flash recovery wait time elapses.

m  When the oscillation stabilization wait time is longer than the Flash recovery wait time
After the oscillation stabilization wait time elapses, the device returns to the RUN state.

However, if a program is being executed on the RAM, no Flash recovery wait time occurs.
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.
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354 Time-base Timer Mode

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

3.5.4.1 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.

Sub clock oscillation and sub-CR clock oscillation can be enabled or disabled by the sub clock oscillation enable bit and the
sub-CR clock oscillation enable bit in the system clock control register 2 (SYCC2:SOSCE, SCRE) respectively. If the sub
clock oscillates, the watch prescaler continues its operation.

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 continues its operation. For details, see
Chapter 27.Non-Volatile Register (NVR) Interface.

m  Transition to time-base timer mode

If the clock mode monitor bits in the system clock control register (SYCC:SCM[2:0]) are "0b010", "0b110", or "0Ob111", writing
"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 register).

m  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.

Sub clock 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.

With the deep standby mode control bit (STBC2:DSTBYX) set to "0", even after a reset occurs or an interrupt is generated
by a peripheral function, the device continues operating in sleep mode until the Flash recovery wait time elapses.

However, if a program is being executed on the RAM, no Flash recovery wait time occurs.
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
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 time-base timer mode.
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355 Watch Mode

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

3.5.5.1 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 continues its operation. For details, see Chapter 27.Non-
Volatile Register (NVR) Interface.

m Transition to watch mode

If the clock mode monitor bits in the system clock control register (SYCC:SCM[2:0]) are "0b000" or "0b100", 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 register).

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

With the deep standby mode control bit (STBC2:DSTBYX) set to "0", even after a reset occurs or an interrupt is generated
by a peripheral function, the device continues operating sleep mode until the Flash recovery wait time elapses.

However, if a program is being executed on the RAM, no Flash recovery wait time occurs.
Note:

If the device is released from watch mode by an interrupt, a peripheral function having transited to watch mode during
operation resumes operating from the point at which it transited to watch 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 watch mode.
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3.6 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.

3.6.1

Clock Oscillator Circuit

m  Using crystal oscillators and ceramic oscillators

Connect crystal oscillators or ceramic oscillators as shown in Figure 3-6.

Figure 3-6. Sample Connection of Crystal Oscillators and Ceramic Oscillators

Clock Controller

Connecting to two external clocks

Subclock
oscillator circuit

Main clock
oscillator circuit

HUH Huﬁ
bl

m  Using external clock

As shown in Figure 3-7, 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 device data sheet). To supply clock signals to the subclock from an external

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

Figure 3-7. Sample Connection of External Clocks
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Main clock
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X0A X1A X0 X1

oscillator circuit

Subclock
oscillator circuit

X0A

X1A

Open

Open

o

Open

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A

64



Clock Controller

Embedded in Tomorrow™

3.7 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.

3.7.1 Prescaler

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 (Fon/27, Fon/28, Fern/28, Fern/2”s Fmcrpr/28, of FuycreLL/
27) 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, Forn/28, Forn/27, FucrpLL/28, of FucreLL/27) of the time-base timer.

8/16-bit composite timer

8/10-bit A/D converter

8/16-bit PPG

16-bit PPG timer

16-bit reload timer

UART/SIO dedicated baud rate generator
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3.8 Configuration of Prescaler

Figure 3-8 is the block diagram of the prescaler.

3.8.1 Block Diagram of Prescaler

Figure 3-8. Block Diagram of Prescaler
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m 5-bit counter

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

m  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 (FCH/27, FCH/28,

Forn/28, Feru/2”, FucreLL/28, or FpcrpL/2”) and supplies it to peripheral functions.

3.8.2 Input Clock

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

3.8.3 Output Clock

The prescaler supplies clocks to the following peripheral functions:

8/16-bit composite timer

8/10-bit A/D converter

8/16-bit PPG

16-bit PPG timer

16-bit reload timer

UART/SIO dedicated baud rate generator
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3.9

Operation of Prescaler

The prescaler generates count clock sources to different peripheral functions.

3.9.1

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(Fc/2”, Fop/28, Forn/2%, Fern/2', FmcreLL/2°, or FucreLl/

27), and then supplies them to different peripheral functions. The prescaler keeps operating while the machine clock and the

Operation of Prescaler

clocks from the time-base timer are being supplied.

Table 3-12, Table 3-13 and Table 3-14 list the count clock sources generated by the prescaler.

Table 3-12. Count Clock Sources Generated by Prescaler (Fcp)

Frequency Frequency Frequency
Count clock source frequency | (Fcy =20 MHz, MCLK = 10 (Fch =32 MHz, MCLK =16 | (Fcy=32.5 MHz, MCLK =
MHz) MHz) 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
FCH/27 156.25 kHz 250 kHz 253.9 kHz
FCH/Z8 78.125 kHz 125 kHz 126.95 kHz

Table 3-13. Count Clock Sources Generated by Prescaler (Fcry)

Count clock source frequency

Frequency
(FcrH = 4 MHz, MCLK= 4 MHz)

MCLK/2 2 MHz
MCLK/4 1 MHz
MCLK/8 0.5 MHz
MCLK/16 0.25 MHz
MCLK/32 125 kHz
Forn/2® 62.5 kHz
Ferul2’ 31.25 kHz
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Table 3-14. Count Clock Sources Generated by Prescaler (FycrpLL)

Clock Controller

Frequency AL Frequency Frequency
Counf::l?jt::‘zource (FMCRPLL =8 MHZ, MCLK NI(:MC;::LII:I:_’"‘:O (FMCRPLL =12 MHZ, (FMCRPLL =16 MHZ,
quency = 8 MHz) = MHz) = MCLK = 12 MHz) MCLK = 16 MHz)
MCLK/2 4 MHz 5 MHz 6 MHz 8 MHz
MCLK/4 2 MHz 2.5 MHz 3 MHz 4 MHz
MCLK/8 1 MHz 1.25 MHz 1.5 MHz 2 MHz
MCLK/16 0.5 MHz 0.625 MHz 0.75 MHz 1 MHz
MCLK/32 0.25 MHz 0.3125 MHz 0.375 MHz 0.5 MHz
FumcreLL/28 125 kHz 156.25 kHz 187.5 kHz 0.25 MHz
FumereLL/2” 62.5 kHz 78.125 kHz 93.75 kHz 125 kHz
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3.10 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 function is started, an error of up
to one cycle of the clock source captured by that peripheral function will occur, depending on the output value of the
prescaler.

Figure 3-9. Clock Capture Error Occurring Immediately after a Peripheral Function Starts

Prescaler output

Start of peripheral function

] [ ]

| I
Clock capture error
immediately after
a peripheral function starts

Clock captured by
peripheral function

The prescaler count value affects the following peripheral functions:

8/16-bit composite timer

8/10-bit A/D converter

8/16-bit PPG

16-bit PPG timer

16-bit reload timer

UART/SIO dedicated baud rate generator
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This section describes the reset operation.
4.1 Reset Operation

4.2 Register

4.3 Notes on Using Reset

4.1 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.

411 Reset Sources

There are five reset sources for the reset.

Table 4-1. 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 in the standby control register (STBC:SRST).
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.
4.1.1.1 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 device data sheet. Design an external reset circuit that satisfies the standard value.

4.1.1.2 Software reset

Writing "1" to the software reset bit of the standby control register (STBC:SRST) generates a software reset.
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4.1.1.3 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.

4.1.1.4 Power-on reset

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

4.1.1.5 Low-voltage detection reset (optional)
The circuit is only available on certain products. Check the availability of the circuit in the device data sheet.
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 Chapter 16.Low-Voltage Detection Reset Circuit.

41.2 Reset Time

The reset time varies according to the reset source.

m In the case of software reset, watchdog reset and external reset:

The reset time is affected by the number of machine cycles selected before a reset, the RAM access protection function
inhibiting resets during the RAM access, and the sub-CR clock oscillation stabilization wait time. The effective time of the
RAM access protection function lengthens according to the number of machine clock cycles selected before a reset.

When a reset occurs with the sub-CR clock oscillation stabilization bit in the system clock control register 2
(SYCC2:SCRDY) set to "1", the device is released from the reset state after the main CR clock oscillation stabilization
wait time elapses.

When a reset occurs with the sub-CR clock oscillation stabilization bit in the system clock control register 2
(SYCC2:SCRDY) set to "0", the device is released from the reset state after both sub-CR clock oscillation stabilization
wait time and main CR clock oscillation stabilization wait time elapse.

m In the case of power-on reset and low-voltage detection reset:

The device is released from the reset state after both sub-CR clock oscillation stabilization wait time and main CR clock
oscillation stabilization wait time elapse.

4.1.3 Reset Output

When the reset input function is effective and the reset output function is effective, the RST pin outputs "L" level while
resetting 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 Chapter 29.System Configuration Controller.
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Reset

4.1.4 Overview of Reset Operation

Figure 4-1. Reset Operation Flow
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In any reset, the CPU performs mode fetch after the main CR clock oscillation stabilization wait time elapses.
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415 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.
However, 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

interrupted by a reset while data of two bytes is being written.

4.1.6 Pin State During a Reset

When a reset occurs, an 1/O port or a peripheral function pin remains high impedance until the setting of that 1/0 port or that
peripheral function 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, refer to the device data sheet.
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4.2 Register

This section provides details of the register for reset.
Table 4-2. List of Register for Reset

Register

abbreviation Register name Reference

RSRR Reset source register 4.21

421 Reset Source Register (RSRR)

The reset source register (RSRR) indicates the source of a reset generated.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — — — EXTS WDTR PONR HWR SWR
Attribute — — — R/W R/W R/W R/W R/W

Initial value 0 0 0 X X X X X

Register Functions

[bit7:5] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bitd] EXTS: External reset flag bit
When this bit is set to "1", that indicates an external reset has occurred.
When any other reset occurs, this bit retains the value that has existed before such reset occurs.

A read access or a write access (writing “0” or “1”) to this bit sets it to “0”.

bit4 Details
Read access Sets this bit to "0".
Being set to "1" Indicates that the an external reset has occurred.
Write access Sets this bit to "0".

[bit3] WDTR: Watchdog reset flag bit
When this bit is set to “1”, that indicates a watchdog reset has occurred.
When any other reset occurs, this bit retains the value that has existed before such reset occurs.

A read access or a write access (writing “0” or “1”) to this bit sets it to “0”.

bit3 Details
Read access Sets this bit to "0".
Being set to "1" Indicates that the a watchdog reset has occurred.
Write access Sets this bit to "0".
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[bit2] PONR: Power-on reset flag bit

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 occurs.
The circuit is only available on certain products. Check the availability of the circuit in the device data sheet.

A read access or a write access (writing “0” or “1”) to this bit sets it to “0”.

bit2 Details

Read access

Sets this bit to "0".

Being set to "1"

Indicates that the a power-on reset or a low-voltage detection reset (optional) has occurred.

Write access

Sets this bit to "0".

[bit1] HWR: Hardware reset flag bit

When this bit is set to “1”, that indicates a hardware reset (power-on reset, low-voltage detection reset (optional), external
reset or watchdog reset) other than software reset has occurred. Therefore, when any of bit4 to bit2 is set to “1”, this bit is
set to “1” as well.

When a software reset occurs, the bit retains the value that has existed before the software reset occurs.

A read access or a write access (writing “0” or “1”) to this bit sets it to “0”.

bit1

Details

Read access

Sets this bit to "0".

Being set to "1"

Indicates that the a hardware reset has occurred.

Write access

Sets this bit to "0".

[bit0] SWR: Software reset flag bit

When this bit is set to “1”, that indicates a software reset has occurred.
When a hardware reset occurs, the bit retains the value that has existed before the hardware reset occurs.

A read access or a write access (writing “0” or “1”) to this bit or a power-on reset sets it to “0”.

bit0 Details

Read access

Sets this bit to "0".

Being set to "1"

Indicates that the a software reset has occurred.

Write access

Sets this bit 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.

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 76



——¢ CYPRESS

Reset AR [oie
Embedded in Tomorrow™

422 State of Reset Source Register (RSRR)

Table 4-3. State of Reset Source Register

Reset source EXTS WDTR PONR HWR SWR
Power-on reset X X 1 1 0
Low-voltage detection reset (optional) X X 1 1 0
Software reset A A A A 1
Watchdog reset A 1 A 1 A
External reset 1 A A 1 A

1: Flag set

/A\: Previous state kept

" 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.

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.
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4.3 Notes on Using Reset

This section provides notes on using the reset.

4.3.1 Notes on Using Reset

Initialization of registers and bits by reset source
Some registers and bits are initialized only by a certain reset source.

m  The type of reset source determines which bit in the reset source register (RSRR) is to be initialized.
m 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.

5.1 Interrupts

5.1 Interrupts

This section describes the interrupts.

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 function generates an interrupt request, the interrupt request is output to the interrupt controller. The
interrupt 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 wakes up from standby
mode by an interrupt request generated in standby mode and resumes executing instructions.

Interrupt Requests from 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.

For interrupt sources, refer to “Interrupt Source table” in the device data sheet.
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5.1.1 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.

Register Configuration

ILRO
bit 7 6 5 4 3 2 1 0
Field L03[1:0] L02[1:0] LO1[1:0] LOO[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1
ILR1
bit 7 6 5 4 3 2 1 0
Field LO7[1:0] LOB[1:0] LO5[1:0] L04[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1
ILR2
bit 7 6 5 4 3 2 1 0
Field L11[1:0] L10[1:0] L09[1:0] L08[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1
ILR3
bit 7 6 5 4 3 2 1 0
Field L15[1:0] L14[1:0] L13[1:0] L12[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1
ILR4
bit 7 6 5 4 3 2 1 0
Field L19[1:0] L18[1:0] L17[1:0] L16[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1
ILR5
bit 7 6 5 4 3 2 1 0
Field L23[1:0] L22[1:0] L21[1:0] L20[1:0]
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 1 1 1 1 1 1 1 1

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:IL[1:0]).

If the interrupt level of an interrupt request is 3, the CPU ignores that interrupt request.
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Table 5-1 shows the relationships between interrupt level setting bits and interrupt levels.

Table 5-1. 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:IL[1:0]) are "0b11".

5.1.2

When an interrupt request is made by a peripheral function, 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
interrupt service routine.

Interrupt Processing

5.1.2.1

The procedure for processing an interrupt is as follows: the generation of an interrupt source in a peripheral function, the
execution of the main program, the setting of the interrupt request flag bit, the checking of the interrupt request enable bit,
the determination of the interrupt level (ILRO to ILR5 and CCR:IL[1:0]), the checking for interrupt requests of the same
interrupt level made simultaneously, and the checking of the interrupt enable flag (CCR:l).

Interrupt Processing

Figure 5-1 shows the interrupt processing.

Figure 5-1. Interrupt Processing
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1. Allinterrupt requests are disabled immediately after a reset. In the peripheral function initialization program, initialize
those peripheral functions that generate interrupts and set their interrupt levels in their respective interrupt level setting regis-
ters (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 function disables interrupts from
that peripheral function.

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 function, the interrupt request flag bit for that peripheral function is
set to "1". Provided that the interrupt request enable bit for that peripheral function has been set to the value that enables
interrupts, an interrupt request of that peripheral function 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. Ifthe interrupt level received has priority over (smaller interrupt level number) the level set in the interrupt level bits in the
condition code register (CCR:IL[1:0]), the CPU checks the content of the interrupt enable flag (CCR:l), and accepts the inter-
rupt provided that interrupts have been enabled (CCR:l = 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 inter-
rupt level bits in the condition code register (CCR:IL[1:0]) 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:

m  The interrupt request flag bit for a peripheral function is not automatically cleared to “0” after an interrupt request is
accepted. Therefore, clear such bit to “0” by using a program (writing “0” to the interrupt request flag bit) in the interrupt
service routine.

The low power consumption mode (standby mode) is released by an interrupt. For details, see 3.5 Operations in Low Power
Consumption Mode (Standby Mode).

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 82



CYPRESS

Embedded in Tomorrow™

Interrupts

5.1.3 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.

5.1.3.1 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
interrupt, the interrupt level of the timer interrupt is set to 2 and that of the external interrupt to 1. If the external interrupt is
generated while the timer interrupt is being processed, they are processed as shown in Figure 5-2.

Figure 5-2. Example of Nested Interrupts

Main Program Timer Interrupt Processing External Interrupt Processing

Interrupt level 2
(CCR:IL[1:0]=0b10)

Interrupt level 1
(CCR:IL[1:0]=0b01)

Initialize peripheral resources (1)

(3) External interrupt

(4) Process external interrupt
| occurs

Timer interrupt occurs (2)

I Suspend

) Resumé
Resume main program |

®)

(5) Return from external interrupt

(6) Process timer interrupt
I

(7) Return from timer interrupt
|

m  While the timer interrupt is being processed, the interrupt level bits in the condition code register (CCR:IL[1:0]) hold the
same value as that of the interrupt level setting registers (ILRO to ILR5) corresponding to the timer interrupt (level 2 in the
above example). If an interrupt request whose interrupt level has priority over the interrupt level of the timer interrupt (level
1 in the above example) is made, that interrupt is processed first.

m To temporarily disable nested interrupts processing while the timer interrupt is being processed, disable interrupts by set-
ting the interrupt enable flag in the condition code register (CCR:l) to "0", or set the interrupt level bits (CCR:IL[1:0]) to
“0b00”.

m After the interrupt processing is completed, if the interrupt return instruction (RETI) is executed, the value of the program
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 res-
toration of the value of the program status (PS).
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51.4 Interrupt Processing Time

Before the CPU enters the interrupt service routine after an interrupt request is made, it needs to wait for the interrupt process-
ing time, which consists of the time between the occurrence of an interrupt request and the end of the execution of the instruc-
tion 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.

5.1.4.1 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.

m Interrupt request sampling wait time

The CPU decides whether an interrupt request has occurred by sampling the interrupt request during the last cycle of each
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).

m Interrupt handling time
After accepting an interrupt, the CPU requires nine machine clock cycles to perform the following interrupt processing setup:

1. Saves the value of the program counter (PC) and that of the program status (PS) to the stack.
2. Sets the PC to the start address (interrupt vector) of interrupt service routine.
3. Updates the interrupt level bits (CCR:IL[1:0]) in the program status (PS).

Figure 5-3. Interrupt Processing Time

Normal instruction execution Interrupt handling Interrupt service routine
CPU operation < £ e
<+ <>
o Interrupt request Interrupt handling time
Interrupt wait time sampling wait time | (9 machine clock cycles)
/'

Interrupt request generated
<P : 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 Chapter 3.Clock Controller .
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5.1.5 Stack Operation During Interrupt Processing

This section describes how the contents of a register are saved and restored during interrupt processing.

5.1.5.1 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
program status (PS) values to the stack.

Figure 5-4 shows the stack operation at the start of interrupt processing.

Figure 5-4. Stack Operation at Start of Interrupt Processing

|Immediate|y before interrupt| | Immediately after interrupt |
Address Memory Address Memory
0x027C | 0xXX SP [0x027C |-+ 0x027C | 0x08 }
P
PS|0x0870 0x027D | 0xXX ox027D | ox70 | 75

Pc|oxE000 0x027E | OxXX PS -°X087O 0X027E | OXEO }
0X027F | 0xXX ox027F | oxo0 J PC
pc [oxEooo
sP[0x0280 > 0x0280 [ 0xxX 0x0280 | 0xXX

0x0281 | OxXX 0x0281 | OxXX

5.1.5.2 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 before 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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5.1.6 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.

5.1.6.1 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.

m  The stack area is secured on the RAM together with the data area.
m Initialize the stack pointer (SP) so that it indicates the biggest RAM address and make the data area start from the small-
est RAM address.

Figure 5-5 shows an example of setting the interrupt processing stack area.

Figure 5-5. Example of Setting Interrupt Processing Stack Area

0x0000
110
\ 0x0080
Data area : RAM
0x0100 General-i
purpose |
register |
: 0x0200 [~~~ " 77" '
y Stack area _ Recommended SP value
0x0280 " (when the biggest RAM address is 0x0280)
Addresses vary among products. For details,
Access )
- refer to the device data sheet.
prohibited
Flash
memory
OxFFFF

Note:

The stack area is utilized by interrupts, sub-routine calls, the PUSHW instruction, etc. in descending order 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-purpose register area, both of which retain other data.
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This chapter describes the configuration and operations of the 1/0 port.
6.1 Overview
6.2 Configuration and Operations

6.1 Overview

The 1/O port is used to control general-purpose 1/O pins.

Overview

The 1/0O port has functions to output data from the CPU and capture input signals into the CPU with the port data register
(PDR). The 1/O direction of an individual 1/O pin can be set as desired by using the corresponding to that I/O pin in the port
direction register (DDR).

The number of I/O ports varies among products. For the exact number of 1/O ports on a product, refer to the device data
sheet.

In this chapter, "X" represents the port number in a register name. For details of register names and their respective
abbreviations of a product, refer to the device data sheet.

Table 6-1 lists the registers for each port.

Table 6-1. List of Port Registers

Register name Register abbreviation
Port x data register PDRx
Port x direction register DDRx
Port x pull-up register PULXx
A/D input disable register (upper)* AIDRH
A/D input disable register (lower)* AIDRL

*: Refer to “//O Map” in the device data sheet for the availability of the A/D input disable register (upper) and A/D input disable register (lower).
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6.2 Configuration and Operations

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

6.2.1 Configuration of 1/0 Port

An 1/O port is made up of the following elements.
General-purpose |/0 pins/peripheral function I/O pins
Port x data register (PDRx)

Port x direction register (DDRx)

Port x pull-up register (PULX)

A/D input disable register (upper) (AIDRH)

A/D input disable register (lower) (AIDRL)

6.2.2 Operations of I/O Port
6.2.2.1 Operation as an output port

m A pin becomes an output port if the bit in the DDRXx register corresponding to that pin is set to "1".

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

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

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

m Reading the PDRXx register returns the PDRx register value.

6.2.2.2 Operation as an input port

m A pin becomes an input port if the bit in the DDRXx register corresponding to that pin is set to "0".

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

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

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

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

6.2.2.3 Operation as a peripheral function output pin

m A pin becomes 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.

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

6.2.2.4 Operation as a peripheral function input pin
m To set a pin as an input port, set the bit in the DDRXx register bit corresponding to the input pin of a peripheral function to
“0“.

m  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.

m Reading the PDRXx 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 PDRXx register, the PDRXx register
value is returned.
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6.2.2.5 Operation at reset

If the CPU is reset, all bits in the DDRX 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 AIDRH/AIDRL register is initialized to "0".

6.2.2.6 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 DDRx register value. The
input of that pin is locked at "L" level and blocked in order to prevent leaks due to input open. However, if the interrupt
input is enabled for the external interrupt, the input is enabled and not blocked.

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

6.2.2.7 Operation as an analog input pin

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

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

6.2.2.8 Operation as an external interrupt input pin

Set the bit in the DDRXx 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, dis-
able the external interrupt function corresponding to that pin.

6.2.2.9 Operation of the pull-up register

Setting the bit in the PULX 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 PULXx register.
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This chapter describes the functions and operations of the time-base timer.
7.1 Overview

7.2 Configuration

7.3 Interrupt

7.4 Operations and Setting Procedure Example

7.5 Register

7.6 Notes on Using Time-base Timer

71 Overview

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.

711 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 using the main CR PLL clock as the count clock.

m The counter of the time-base timer counts down so that an interrupt request is generated every time a selected interval
time elapses.

m The length of an interval time can be selected from the following 16 types.

Table 7-1 shows the interval times available for the time-base timer.

Table 7-1. Interval Times of Time-base Timer

Interval time if the main clock | Interval time if the main CR | Interval time if the main CR
is used clock is used clock is multiplied by a PLL
multiplication rate of 2
(2" x 2/F ') (2" x 1/Fcry™) (2" x 1FycrpLL™)
n=9 256 ps 128 us 64 us
n=10 512 us 256 us 128 us
n=11 1.024 ms 512 us 256 us
n=12 2.048 ms 1.024 ms 512 us
n=13 4.096 ms 2.048 ms 1.024 ms
n=14 8.192 ms 4.096 ms 2.048 ms
n=15 16.384 ms 8.192 ms 4.096 ms
n=16 32.768 ms 16.384 ms 8.192 ms
n=17 65.536 ms 32.768 ms 16.384 ms
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Table 7-1. Interval Times of Time-base Timer

Time-Base Timer

Interval time if the main clock

Interval time if the main CR

Interval time if the main CR

is used clock is used clock is multiplied by a PLL
multiplication rate of 2
(2" x 2/Fcy™) (2" x 1/Fcry?) (2" x 1/FycrpLL™)
n=18 131.072 ms 65.536 ms 32.768 ms
n=19 262.144 ms 131.072 ms 65.536 ms
n=20 524.288 ms 262.144 ms 131.072 ms
n=21 1.049 s 524.288 ms 262.144 ms
n=22 2.097 s 1.049 s 524.288 ms
n=23 4194 s 2.097 s 1.049 s
n=24 8.389 s 4194 s 2.097 s
[1]: Foq = 4 MHz
~2/Fcy=0.5us

[2] FCRH =4 MHz
1/FCRH =0.25ps

[3]: FycreLL = 8 MHz
PLL multiplication rate = 2
Fcru x PLL multiplication rate = 4 MHz x 2 = 8 MHz

~AIFycrpLL = 0.125 pis
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7.2 Configuration

The time-base timer consists of the following blocks:
m Time-base timer counter

m  Counter clear circuit

m Interval timer selector

m  Time-base timer control register (TBTC)

7.2.1 Block Diagram of Time-base Timer

Figure 7-1. Block Diagram of Time-base Timer

Time-base timer counter »To prescaler To software watchdog timer
4 A
Fcr divided by 2 —
FcrH —> x21|x22 | x283 [ x2%[ 25| x26 | x27 [ x28 | x29 [x210|x21[x212Jx213[x214|x215[x216[x 2 17| 218|219 220 221|x 222|x 223» 224
FmcRPLL — T N

[ ! !
[ scm2 | 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

A A

Time-base timer interrupt{

y
[ T8IF [ TBIE | - [TBC3 | TBC2 | TBC1 [ TBCO | TCLR |

Time-base timer control register (TBTC)
FcH : Main clock
FcrH : Main CR clock
FmcRPLL : Main CR PLL clock

m Time-base timer counter

This is a 24-bit down counter using the main clock divided by two, the main CR clock or the main CR PLL clock as its count
clock.

m  Counter clear circuit
This circuit controls the clearing of the time-base timer counter.
m 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.

m 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.
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7.2.2 Input Clock

The time-base timer uses the main clock divided by two, the main CR clock or the main CR PLL clock as its input clock

(count clock).

7.2.3 Output Clock

The time-base timer supplies clocks to the clock supervisor counter, the software watchdog timer and the prescaler.
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7.3 Interrupt

An interrupt request is generated when the interval time selected by the time-base timer elapses (interval timer function).

7.3.1 Interrupt When Interval Function Is in Operation

When the time-base timer counter counts down by using the internal count clock and the time-base timer counter
underflows due to the passage of the selected interval time, 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.

m Regardless of the value of the TBIE bit, the TBIF bit is set to "1" when the selected bit underflows.

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.

m  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.

m 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 cancelling a reset (TBTC:TBIE = 1), always clear the TBIF bit at the
same time (TBTC:TBIF = 0).

Table 7-2. Interrupt of Time-base Timer

Item Description
Interrupt condition The interval time set by "TBTC:TBCJ[3:0]" has elapsed.
Interrupt flag TBTC:TBIF
Interrupt enable TBTC:TBIE
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7.4 Operations and Setting Procedure Example

This section describes the operations of the interval timer function of the time-base timer.

7.4.1 Operations of Time-base Timer

The counter of the time-base timer is initialized to "OxFFFFFF" after a reset, and starts counting while being synchronized
with the main clock divided by two, or with the main CR clock or with the main CR PLL clock.

The time-base timer continues to count down as long as the main clock, the main CR clock or the main CR PLL clock is
oscillating. Once the main clock, the main CR clock or the main CR PLL clock stops, the counter stops counting and is

initialized to "OxFFFFFF".

To use the interval timer function, do the settings shown in Figure 7-2.

Figure 7-2. Settings of Interval Timer Function

bit7 b6 bit5  bit4  bit3  bit2  bitl  bit0
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 clear bit in the time-base timer control register (TBTC:TCLR) is set to "1", the counter of the time-
base timer is initialized to "OxFFFFFF" and continues to count down. When the selected interval time has elapsed, the time-
base timer interrupt request flag bit in 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.

7.4.2 Clearing Time-base Timer

With the output of the time-base timer being used in other peripheral functions, clearing the time-base timer affects their
operations in various ways such as changing the count time of a peripheral function.

When clearing the counter by using the time-base timer clear 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 TCLR bit, but also when the main clock, the main CR clock, or the main CR
PLL clock is stopped and the oscillation stabilization wait time is necessary. The time-base timer is cleared in the following
situations:

m The device transits from the main clock mode, the main CR clock mode or the main CR PLL clock mode to the stop mode.

m The device transits from the main clock mode, the main CR clock mode or the main CR PLL clock mode to the subclock
mode or the sub-CR clock mode.

m At power-on
m At low-voltage detection reset

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 96



o ‘
Time-Base Timer =—2= CYPRESS

Embedded in Tomorrow™

7.4.3 Operation Examples of Time-base Timer
Figure 7-3 shows examples of operations under the following conditions:

1. A power-on reset is generated.

2. The device transits to 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. The device transits to the stop mode in main clock mode, main CR clock mode or main CR PLL clock mode.
4. Arequest is generated to clear the counter.

If the device transits to the time-base timer mode, the same operations are executed as those executed when the device
transits to the sleep mode.

In stop mode in which the clock mode is sub clock 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 7-3. Operations of Time-base Timer

Counter value
(count down)

OXFFFFFF

Count value detected in

TBTC:TBC[3:0]
H Interval cycle i
(TBTC:TBC[S:O] =0b0011)
Cleared by
i transition
: to stop mode
N/ :
0x000000 k= > /l\ : —
Oscillation ; 4 Counter cleared : : i Oscillation
stabilization rovemaRss istabilization wat time
wait time ; : : H
1) Power-on reset H : ;
Cleared at Cleared in interruptg
H interval setting service routine
TBIF bit [ [-1
TBIE bit | : :
H Sleep H
>
2) SLP bit | ’|‘I : :
(STBC register) H i Stop _:
i Sleep mode released by €——>
3) STP bit time-base timer |n'terrupt

(STBC register) H H
Stop mode released by external interrupt

« When setting the interval time select bits in time-base timer control register (TBTC:TBC[3:0]) to "0b0011" (2'° x 2/Fax)

* TBTC:TBC[3:0] : 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
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74.4 Setting Procedure Example

Below is an example of procedure for setting the time-base timer.

[ ]
1

2.
3
4.

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and “Interrupt Source Table” in the device data

Initial settings
Set the interrupt level. (ILR*)
Set the interval time. (TBTC:TBC[3:0])
Enable interrupts and clear the interrupt request flag. (TBTC:TBIE = 1, TBTC:TBIF = 0)

Clear the counter. (TBTC:TCLR = 1)

sheet.
m  Processing interrupts

1.
2.

Clear the interrupt request flag. (TBTC:TBIF = 0)
Clear the counter. (TBTC:TCLR = 1)
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7.5 Register

This section describes the register of the time-base timer.

Table 7-3. List of Time-base Timer Register

Register

abbreviation Register name Reference

TBTC Time-base timer control register 7.5.1

7.5.1 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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field TBIF TBIE — TBC3 TBC2 TBC1 TBCO TCLR

Attribute R/W R/IW — R/W R/W R/W R/IW w

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] TBIF: Time-base timer interrupt request flag bit

This bit is set to "1" when the interval time selected by the time-base timer has elapsed.

When this bit and the time-base timer interrupt request enable bit (TBIE) are set to "1", an interrupt request is output.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit7 Details
Reading "0" Indicates that the interval time has not elapsed.
Reading "1" Indicates that the interval time has elapsed.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit6] TBIE: Time-base timer interrupt request enable bit

This bit enables or disables output of interrupt requests to interrupt controller.
When this bit and the time-base timer interrupt request flag bit (TBIF) are set to "1", a time-base timer interrupt request is
output.

bit6é Details

Writing "0" Disables the time-base timer interrupt request.

Writing "1" Enables the time-base timer interrupt request.

[bit5] Undefined bit

The read value is always "0". Writing a value to this bit has no effect on operation.
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[bit4:1] TBC[3:0]: Interval time select bits

These bits select interval time.

Time-Base Timer

Details
: Interval time Interval time epaiine
bitd:1 (Main clock, (Main CR clock, LEmER R S e
Fen = 4 MHz) Fern = 4 MHz) PLL l::\ultlpllca:gr;wr:;? of 2,
MCRPLL
Writing "0100" 29 x 2/F gy (256 ps) 2% x 1/Fcry (128 ps) 29 x 1/FycrpLL (64 ps)
Writing "0000" 2105 2/F ¢y (512 ps) 210« 1/Fcry (256 ps) 20 1/FycrpLL (128 ps)
Writing "0101" 2" x 2/F ¢y (1.024 ms) 2" % 1/Fcgy (512 ps) 2" % 1/FmcrpLL (256 Us)
Writing "0001" 212 % 2/F oy (2.048 ms) 212 % 1/Fcry (1.024 ms) 2'2 % 1/FpcreLL (512 us)
Writing "0110" 2"3 % 2/Fc (4.096 ms) 2"3 % 1/Fcrpy (2.048 ms) 2"3 % 1/FpcreLL (1.024ms)
Writing "0010" 2™ % 2/F oy (8.192 ms) 2" X 1/Fcry (4.096 ms) 2" X 1/FpcrpLL (2.048 ms)
Writing "0111" 2"5 % 2/Fy (16.384 ms) 25 % 1/F gy (8.192 ms) 2"5 % 1/FycrpLL (4.096 ms)
Writing "0011" 216 x 2/F ¢y (32.768 ms) 26 5 1/Fcry (16.384 ms) 26 % 1/FpcreLL (8-192 ms)
Writing "1000" 2'7 % 2/Fcy (65.536 ms) 217 x 1/Fcry (32.768 ms) 2" x 1/FpcreLL (16.384 ms)
Writing "1001" 2'8 % 2/Fcy (131.072 ms) 28 1/F cry (65.536 ms) 2"8 x 1/FpmcreLL (32.768 ms)
Writing "1010" 219 % 2/F oy (262.144 ms) 219 x 1/Fcrpy (131.072 ms) 2" x 1/FpcrpLL (65.536 ms)
Writing "1011" 220 2/F ¢y (524.288 ms) 220 5 1/F Ry (262.144 ms) 220 % 1/FperpLL (131.072 ms)
Writing "1100" 221 % 2/F ¢y (1.049 s) 221 x 1/F gy (524.288 ms) 22" x 1/FpcreLL (262.144 ms)
Writing "1101" 222 % 2/F ¢y (2.097 5) 222 % 1/Fcry (1.049's) 222 % 1/FpcreLL (524.288 ms)
Writing "1110" 223 x 2/F gy (4.194 s) 223 x 1/Fcry (2.097 s) 223 x 1/FpcrpLL (1.049 s)
Writing "1111" 224 x 2/F ¢y (8.389's) 2% x 1/FcRy (4.194 5) 224 % 1/FycrpLL (2.097 s)

[bit0] TCLR: Time-base timer clear bit
This bit clears all bits in the counter of the time-base timer to "1".

bit0 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Clears all bits in the counter of the time-base timer to "1".

Note:

When the output of the time-base timer is selected as the count clock for the software watchdog timer, clear the time-base
timer with this bit also clears the software watchdog timer.
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7.6 Notes on Using Time-base Timer

This section provides notes on using the time-base timer.

7.6.1 Notes on Using Time-base Timer
m  When setting the timer by program

The timer cannot return 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.

m Clearing Time-base Timer

The time-base timer is cleared not only by the time-base timer clear bit (TBTC:TCLR = 1) but also when the oscillation
stabilization wait time of the main clock, the main CR clock, or the main CR PLL clock is required. When the time-base timer
is selected as the count clock of the software watchdog timer (WDTC:CS[1:0] = 0b00 or 0b01), clearing the time-base timer
also clears the software watchdog timer.

m 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.
8.1 Overview

8.2 Configuration

8.3 Operations and Setting Procedure Example

8.4 Register

8.5 Notes on Using Watchdog Timer

8.1 Overview

The watchdog timer serves as a counter used to prevent programs from running out of control.

8.1.1 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.

8.1.1.1 Count clock for the software/hardware watchdog timer

m 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.

m  For the hardware watchdog timer, only the output of the sub-CR timer can be used as the count clock.

8.1.1.2 Activation of the software/hardware watchdog timer

m The software/hardware watchdog timer is to be activated according to the values at the addresses OxFFBE and OxFFBF
on the Flash memory, which are copied to the watchdog timer selection ID register (upper/lower) (WDTH/WDTL)
(OxOFEB/OXOFEC).

m In the case of software activation (software watchdog), the watchdog timer register (WDTC) must be set to start the
watchdog timer function.

m 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 OxFFBE and OxFFBF on the Flash memory, which are
copied to the watchdog timer selection ID register (upper/lower) (WDTH/WDTL) (OXOFEB/OXOFEC). See Chapter 27.Non-
Volatile Register (NVR) Interface for details of the watchdog timer selection ID.

m The intervals of the watchdog timer are shown in Table 8-1. 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.
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Table 8-1. Interval Times of Watchdog Timer

Hardware / Software Watchdog Timer

Count clock switch bit

Interval time

LG 2 T CS[1:0], CSP Minimum time | Maximum time
Time-base timer output 0b000 (software watchdog timer) 524 ms 1.05s
(main clock = 4 MHz) 0b010 (software watchdog timer) 262 ms 524 ms
Watch prescaler output 0b100 (software watchdog timer) 500 ms 1.00s
(sub clock = 32.768 kHz) 0b110 (software watchdog timer) 250 ms 500 ms
Sub-CR timer . 0bXX11"] (software watchdog timer) or 437 ms 262s
(sub-CR clock = 50 kHz to 150 kHz) hardware watchdog timer?!

[1: X=0or1
[2]: CS[1:0] = 0b00, CSP = 1 (read-only)

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A

104



CYPRESS

Embedded in Tomorrow™

Hardware / Software Watchdog Timer

8.2 Configuration

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)

8.2.1 Block Diagram of Watchdog Timer
Figure 8-1. Block Diagram of Watchdog Timer

Watchdog timer control register (WDTC)
[ cs1 [ cso [ csP [wwot|wTes[wTE2]WTEA]WTEQ|

221/FcH (or 22°/FcrH or 229/FMcRPLL), Watchdog timer
220/FcH (or 2'9/FcrH or 219/FmcreLL)
(Time-base timer output)
2'4/FcL (or 2'%/FcRL) c
’ ount clock .
213/FcL (or 2'%/FcnL) selector Clear | Activate
(Watch prescaler output)

278/FcRL

Sub-CR timer
( ) Watchdog Reset Reset

. control —> .
timer counter - signal
circuit

Clearsignal from ____ 4
time-base timer Overflo
Watchdog timer vertiow

clear selector

Clearsignal from ___
watch prescaler

Sleep mode starts
Stop mode starts
Time-base timer/watch mode starts
Stopping or running in stop mode

Counter clear
control circuit

FcH : Main clock

Fcri  : Main CR clock
FmcreLL : Main CR PLL clock
FeL : Subclock

Fcru : Sub-CR clock
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m  Count clock selector
This selector selects the count clock of the watchdog timer counter.

m  Watchdog timer counter

This is a 1-bit counter that uses the output of the time-base timer, of the watch prescaler or of the sub-CR timer as the count
clock.

m Reset control circuit
This circuit generates a reset signal when the watchdog timer counter overflows.

m  Watchdog timer clear selector
This selector selects the watchdog timer clear signal.

m  Counter clear control circuit
This circuit controls the clearing and stopping of the watchdog timer counter.

m  Watchdog timer control register (WDTC)
This register performs setup for activating/clearing the watchdog timer counter as well as for selecting the count clock.

8.2.2 Input Clock

The watchdog timer uses the output clock of the time-base timer, of the watch prescaler or of the sub-CR timer as the input
clock (count clock).
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8.3 Operations and Setting Procedure Example

The watchdog timer generates a watchdog reset when the watchdog timer counter overflows.

8.3.1 Operations of Watchdog Timer

8.3.1.1 How to activate the watchdog timer

Software watchdog

m  The watchdog timer is activated when "0b0101" is written to the watchdog control bits of the watchdog timer control regis-
ter (WDTC:WTE[3:0]) for the first time after a reset. The count clock switch bits of the watchdog timer control register
(WDTC:CSJ[1:0], CSP) should also be set at the same time.

m  Once the watchdog timer is activated, a reset is the only way to stop its operation.

Hardware watchdog

m To activate the hardware watchdog timer, write any value except "0xA596" to the addresses OxFFBE and OxFFBF on the
Flash memory. After a reset, the data in OXFFBE and OxFFBF on the Flash memory are copied to the watchdog timer
selection ID register (upper/lower) (WDTH/WDTL) (0xOFEB/OXOFEC). Writing "0xA597" to the addresses OxFFBE and
OxFFBF on the Flash memory enables the hardware watchdog timer except in standby modes; writing any value other
than "0xA596" and "0xA597" enables the hardware watchdog timer in all modes. See Chapter 27.Non-Volatile Register
(NVR) Interface for details of the watchdog timer selection ID.

Start operation after a reset is released.
m CS§[1:0] and CSP bits are read-only bits fixed at "0b001".

The counter of the watchdog timer is cleared by a reset, and the watchdog timer resumes its operation after the reset is
released.

8.3.1.2 Clearing the watchdog timer

m  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.

m  The counter of the hardware watchdog timer is cleared when "0b0101" is written to the watchdog control bits of the watch-
dog timer control register (WDTC:WTE[3:0]). The counter of the software watchdog timer is cleared when "0b0101" is writ-
ten to the watchdog control bits of the watchdog timer control register (WDTC:WTE[3:0]) for the second time and from the
second time onward.

m  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.

8.3.1.3 Operation in standby mode

m In the case of activating the software watchdog timer, or starting the hardware watchdog timer with its operation in standby
mode disabled, regardless of the clock mode selected, once the device transits to standby mode, the counter of the
watchdog timer is cleared and the watchdog timer stops its operation. When the device wakes up from standby mode, the
watchdog timer resumes its operation.

m In the case of activating the hardware watchdog timer with its operation in standby mode enabled, whether the device
transits to standby mode or wakes up from standby mode, the counter of the watchdog timer is not cleared and the watch-
dog timer continues its operation.

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.
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83.1.4 Interval time

The interval time varies depending on the timing of clearing the watchdog timer. Figure 8-2 shows the correlation between
the timing of clearing the watchdog timer and the interval time when the time-base timer output FCH/221 (Fcn: main clock) is
selected as the count clock (main clock = 4 MHz).

Figure 8-2. Clearing Timing and Interval Time of Watchdog Timer

Minimum time L 524 ms |

N !

Time-base timer | | | | | I

count clock output ,

Watchdog cleared Overflow

Watchdog 1-bit

counter I_I

i

Watchdog reset

Maximum time 1.05s

l N
~ 71

Time-base timer | /]\ | | | I

count clock output
Watchdog cleared Overflow

Watchdog 1-bit
counter |_| |

-

Watchdog reset

8.3.1.5 Operation in sub clock mode

When a watchdog reset is generated in sub clock mode, the timer starts operating in main clock mode after the oscillation
stabilization wait time has elapsed. The reset signal is output during this oscillation stabilization wait time.

8.3.2 Setting Procedure Example

Below is the procedure for setting the software watchdog timer.

1. Select the count clock. (WDTC:CS[1:0], CSP)

2. Activate the watchdog timer. (WDTC:WTE[3:0] = 0b0101)

3. Clear the watchdog timer. (WDTC:WTE[3:0] = 0b0101)

Below is the procedure for setting the hardware watchdog timer.

m Write any value except "0xA596" to the addresses OxFFBE and OxFFBF on the Flash memory. After a reset, the data in
OxFFBE and 0xFFBF on the Flash memory are copied to the watchdog timer selection ID register (upper/lower) (WDTH/

WDTL) (OxOFEB/OXOFEC). Writing "0xA597" to the addresses OxFFBE and OxFFBF on the Flash memory enables the
hardware watchdog timer except in standby modes; writing any value other than "0xA596" and "0xA597" enables the
hardware watchdog timer in all modes. See Chapter 27.Non-Volatile Register (NVR) Interface for details of the watchdog

timer selection ID.
m  Clear the watchdog timer. (WDTC:WTE[3:0] = 0b0101)
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8.4 Register

This section describes the register of the watchdog timer.
Table 8-2. List of Watchdog Timer Register

Register
abbreviation

WDTC Watchdog timer control register 8.4.1

Register name Reference

8.4.1 Watchdog Timer Control Register (WDTC)

The watchdog timer control register (WDTC) activates or clears the watchdog timer.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field | CSs1 | CSo CSP HWWDT WTE3 WTE2 WTE1 WTEO
Attribute and initial values for software watchdog timer
Attribute R/W R/W R/W R w w W W
Initial value 0 0 0 0 0 0 0 0
Attribute and initial values for hardware watchdog timer
Attribute R R R R w w W W
Initial value 0 0 1 1 0 0 0 0

Register Functions
[bit7:6] CS[1:0]: Count clock switch bits
[bit5] CSP: Count clock select sub-CR selector bit

These bits select the count clock of the watchdog timer.

Write to these bits at the same time as activating the watchdog timer by the watchdog control bits.
No change can be made once the watchdog timer is activated.

Details
bit7 | bité | bits (Fcn: main clock, Fcry: main CR clock, FycrpoL: main CR PLL clock,
FcL: sub clock, Fggy: sub-CR clock)
Writing 0 0 0 Output cycle of time-base timer (22'/F ¢y, 22%/F gy or 22%FycrpLL)
Writing 0 1 0 Output cycle of time-base timer (22°/FCH, 219/FCRH or 219/FMCRPLL)
Writing |1 0 0 Output cycle of watch prescaler (2'4/F¢ or 2'3/Fcg,)
Writing 1 1 0 Output cycle of watch prescaler (2'3/F ¢ or 2'%/Fg,)
Writing 0/1 0/1 1 Output cycle of sub-CR timer (216/FCRL)
Note:

Since the time-base timer is stopped in sub clock mode or sub-CR clock mode, always select the output of the watch
prescaler in sub clock mode.
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[bitd] HWWDT: Hardware watchdog timer start bit

This is a read-only bit used to confirm the start/stop of the hardware watchdog timer.

bit4 Details
- Indicates that the hardware watchdog timer has stopped (The software watchdog timer can be
Reading "0 .
activated).
Reading "1" Indicates that the hardware watchdog timer has been activated.

[bit3:0] WTE[3:0]: Watchdog control bits

These bits controls the watchdog timer.

The read value of these bits is always "0b0000".

bit3:0 Details

Activates the watchdog timer (in the first write access after a reset) or clears it (from the second write
access after a reset).

» In the case of activating the watchdog timer

Writing "0101" to these bits in the first write access after a reset starts the software watchdog timer.
Writing "0101" + In the case of clearing the watchdog timer

Writing "0101" to these bits in the first write access or later after a reset clears the hardware watchdog
timer.

Writing "0101" to these bits in the second write access or later after a reset clears the software watchdog
timer.

Writing a value other
than "0101"

Note:
Using the read-modify-write (RMW) type of instruction to access the WDTC register is prohibited.

Has no effect on operation.
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8.5 Notes on Using Watchdog Timer

This section provides notes on using the watchdog timer.

8.5.1 Notes on Using Watchdog Timer

m  Stopping the watchdog timer
Software watchdog timer
Once activated, the watchdog timer cannot be stopped until a reset is generated.

m  Selecting the count clock

Software watchdog timer

The count clock switch bits (WDTC:CS[1:0], CSP) can be modified only when the watchdog control bits (WDTC:WTE[3:0])
are set to "0b0101" after the activation of the watchdog timer. The count clock switch bits cannot be set by a bit manipulation
instruction. Moreover, the bit settings should not be changed once the timer is activated.

In sub clock mode or sub-CR clock mode, the time-base timer does not operate because the main clock, the main CR clock,
or the main CR PLL clock stops oscillating.

In order to make the watchdog timer operate in sub clock mode or sub-CR clock mode, it is necessary to select the watch
prescaler as the count clock beforehand and set WDTC:CS[1:0], CSP to "0b100" or "0b110" or "0bXX1" (X =0 or 1).

m Clearing the watchdog timer

Clearing the timer (time-base timer, watch prescaler or sub-CR timer) used as the count clock of the watchdog timer also
clears the counter of the watchdog timer.

The counter of the watchdog timer is cleared when the watchdog timer transits to sleep mode, stop mode, or watch mode,
except in the case of activating hardware watchdog timer whose operation in standby mode has been enabled.

m  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.

m Hardware watchdog timer (operation in standby mode has been enabled)

The hardware watchdog timer does not stop in stop mode, sleep mode, time-base timer mode or watch mode. Therefore, the
hardware watchdog timer is not 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 sub clock mode or sub-CR clock mode.

Take account of the setting of the sub clock stabilization wait time when selecting the sub clock.
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This chapter describes the functions and operations of the watch prescaler.
9.1 Overview

9.2 Configuration

9.3 Interrupt

9.4 Operations and Setting Procedure Example

9.5 Register

9.6 Notes on Using Watch Prescaler

9.1 Overview

The watch prescaler is a 16-bit down-counting, free-run counter, which is synchronized with the sub clock 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.

9.1.1 Interval Timer Function
The interval timer function continuously generates interrupt requests at regular intervals, using the sub clock divided by two
or the sub-CR clock divided by two as its count clock.

m  The counter of the watch prescaler counts down and an interrupt request is generated whenever the selected interval time
has elapsed.

m The interval time can be selected from the following eight types:
Table 9-1 shows the interval times of the watch prescaler.

Table 9-1. Interval Times of Watch Prescaler

Interval time Interval time

(Sub-CR clock) (Sub clock)
(2" x 2/F g M) (2" x 2/F ¢, 12

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/Fcr.=20 ps when Fcg =100 kHz
[2]: 2/F; =61.035 ps when F =32.768 kHz

Note: Refer to the device datasheet for the accuracy of the sub-CR clock frequency.
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9.2 Configuration

The watch prescaler consists of the following blocks:

Watch prescaler counter

Counter clear circuit

Interval timer selector

Watch prescaler control register (WPCR)

9.2.1 Block Diagram of Watch Prescaler

Figure 9-1. Block Diagram of Watch Prescaler

Watch prescaler counter (counter) Software watchdog timer

ECLdi;/.id.:ddeZZ \| x 21| x22 [ x23 | x2% | x25 [ x28 | x27 | x28 [ x29 [x210|x211[x212|x 213 | x 214 [x 215 | x 216 | x 217
cAL divided by %J
T \ /
SYCC:SCM[2:0] Counter clear
SYCC2:SRDY,
SYCC2:SCRDY
Watchdog timer clear €«<—@
SRL?bS(jLS(;ko(r)SS(t:ciJllpastion or —| Counterclear Interval timer
sub-CR clock oscillation circuit selector

Interrupt
of watch {
prescaler

wrF Jwrie [ - [ - [wrc2[wrC1[wTCO |WCLR |
Watch prescaler control register (WPCR)

FcL : Subclock
FcrL : Sub-CR clock
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m  Watch prescaler counter (counter)
This is a 16-bit down counter that uses the sub clock divided by two or the sub-CR clock divided by two as its count clock.

m  Counter clear circuit
This circuit controls the clearing of the watch prescaler.

m Interval timer selector
This circuit selects one out of the eight bits used for the interval timer among 17 bits available in the watch prescaler counter.

m  Watch prescaler control register (WPCR)
This register selects the interval time, clears the counter, controls interrupts and checks the status.

9.2.2 Input Clock

The watch prescaler uses the sub clock divided by two or the sub-CR clock divided by two as its input clock (count clock).

9.2.3 Output Clock

The watch prescaler supplies its clock to the software watchdog timer.
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9.3 Interrupt

An interrupt request is generated when the selected interval time of the watch prescaler has elapsed (interval timer
function).

9.3.1 Interrupts in Operation of Interval Timer Function (Watch Prescaler Interrupts)

In any mode except the stop mode in which the sub clock mode or the sub-CR clock mode is used, if the watch prescaler

counter counts down using the sub clock divided by two or the sub-CR clock divided by two and the selected interval time

elapses, the watch prescaler interrupt request flag bit is set to "1" (WPCR:WTIF = 1). At that time, if the watch prescaler

interrupt request enable bit has been enabled (WPCR:WTIE = 1), an interrupt request is output from the watch prescaler to

the interrupt controller.

m Regardless of the value in the WTIE bit, the WTIF bit is set to "1" as soon as the time set by the watch prescaler interrupt
interval time select bits has elapsed.

m  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.

m  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 over-
flows.

m  Write "0" to the WTIF bit in the interrupt service routine to clear an interrupt request.

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.

Table 9-2. Interrupt of Watch Prescaler

ltem Description
Interrupt condition Interval time set by "WPCR:WTC[2:0]" has elapsed.
Interrupt flag WPCR:WTIF
Interrupt enable WPCR:WTIE
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9.4 Operations and Setting Procedure Example

The watch prescaler operates as an interval timer.

9.4.1 Operations of Interval Timer Function (Watch Prescaler)

The counter of the watch prescaler continues to count down using the sub clock divided by two or the sub-CR clock divided
by two as its count clock as long as the sub clock or the sub-CR clock oscillates.

When cleared (WPCR:WCLR = 1), the counter starts counting down from "OxFFFF". Once it reaches "0x0000", it returns to
"OXFFFF" to continue counting. As soon as the time set by the interrupt interval time select bits has elapsed during the
counting down, the watch prescaler interrupt request flag bit (WPCR:WTIF) is set to "1" in any mode except the stop mode in
which the sub clock mode or the sub-CR 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.

94.2 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 clear 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 clear bit (WPCR:WCLR) but also when the sub clock or the
sub-CR clock is stopped and the oscillation stabilization wait time is necessary. The watch prescaler is cleared in the
following situations:

m  The device transits from the sub clock mode or sub-CR clock mode to the stop mode.

m  The sub clock oscillation enable bit or the sub-CR clock oscillation enable bit in the system clock control register 2
(SYCC2:SOSCE or SCRE) is set to "0" in main clock mode, main CR clock mode, or main CR PLL clock mode.

In addition, the counter of the watch prescaler is cleared and stops operating when a reset is generated.

9.4.3 Input Clock Selection for Watch Prescaler

Below are the clocks selected as input clocks of the watch prescaler in different clock modes.

m In main clock mode, main CR clock mode, and main CR PLL clock mode
When the sub clock oscillation is enabled and the sub clock oscillation stabilization wait time elapses, the sub clock is
selected as the input clock of the watch prescaler.
When the sub-CR clock oscillation is enabled and the sub-CR clock oscillation stabilization wait time elapses, the sub-CR
clock is selected as the input clock of the watch prescaler.
When the sub clock oscillation and the sub-CR clock oscillation are enabled, and the oscillation stabilization wait time
elapses, the sub clock is selected as the input clock of the watch prescaler.

m In sub clock mode
Only the sub clock is used as the input clock of the watch prescaler.

m In sub-CR clock mode
Only the sub-CR clock is used as the input clock of the watch prescaler.
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944 Operation Example of Watch Prescaler
Figure 9-2. 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 sub clock mode or sub-

CR clock mode
3.  When the device transits to the stop mode during the operation of the interval timer function in sub clock 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 9-2. Watch Prescaler Operation Example
Counter value
(count down)
OXFFFF [Py -
Count value detectedin | 77777777777777777777777777777777777777777777777777777777777777777777777777777777
WPCR:WTC[2:0] : ! .
H Interval time
(WPCR:WTCJ[2:0] = 0b011)
0x0000 ; — — — : ; <>
Oscillation stabilization wait time 54) Counter cleared Cleared by transition sct)asgilllilj:gt(i)onn
i (WPCR:WCLR = 1) to stop mode Lo
H A : . wait time
1) Power-on reset : : : : : :
Cleared at interval Cleared in interrupt H
setting service routine
WTIF bit '—l :
WTIE bit
H Sleep H
<>
2) SLP bit I 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:WTC[2:0]) to "0b011" (2‘4 x 2/FcL)
* WPCR:WTC[2:0] : Watch prescaler interrupt interval time select bits in watch prescaler control register
* WPCR:WCLR : Watch prescaler clear bit in watch prescaler control register
* WPCR:WTIF : Watch prescaler interrupt request flag bit in watch prescaler control register
* WPCR:WTIE : Watch prescaler 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
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9.4.5 Setting Procedure Example

Below is an example of procedure for setting the watch prescaler.

m Initial settings

1. Set the interrupt level. (ILR*)

2. Set the interval time. (WPCR:WTCJ[2:0])

3. Enable interrupts and clear the interrupt request flag. (WPCR:WTIE = 1, WPCR:WTIF = 0)
4. Clear the counter. (WPCR:WCLR = 1)

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and ” Interrupt Source Table" in the device data
sheet.

m  Processing interrupts
1. Clear the interrupt request flag. (WPCR:WTIF = 0)
2. Clear the counter. (WPCR:WCLR = 1)
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9.5

Register

This section describes the register of the watch prescaler.

Table 9-3. List of Watch Prescaler Register

Watch Prescaler

Register .
abbreviation Register name Reference
WPCR Watch prescaler control register 9.5.1
9.51 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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field WTIF WTIE — — WTC2 WTC1 WTCO WCLR

Attribute R/IW R/W — — R/W R/W R/W W

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] WTIF: Watch prescaler interrupt request flag bit

This bit is set to "1" when the interval time selected by the watch prescaler has elapsed.

When this bit and the watch prescaler interrupt request enable bit (WTIE) are set to "1", a watch prescaler interrupt request

is output.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit7 Details
Reading "0" Indicates that the interval time has not elapsed.
Reading "1" Indicates that the interval time has elapsed.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit6] WTIE: Watch prescaler interrupt request enable bit

This bit enables or disables output of interrupt requests to interrupt controller.

When this bit and the watch prescaler interrupt request flag bit (WTIF) are set to "1", a watch prescaler interrupt request is

output.

bit6 Details
Writing "0" Disables the watch prescaler interrupt request.
Writing "1" Enables the watch prescaler interrupt request.

[bit5:4] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A

120



Watch Prescaler

Embedded in Tomorrow™

[bit3:1] WTC[2:0]: Watch prescaler interrupt interval time select bits
These bits select the interval time.

Details
bit3:1 Interval time Interval time
(Sub clock, F¢; = 32.768 kHz) (Sub-CR clock, Fcgy =100 kHz)

Writing "100" 210 % 2/F ¢ (62.5 ms) 210 % 2/Fcr. (20.48 ms)
Writing "000" 2" % 2/F¢| (125 ms) 2" % 2/F g (40.96 ms)
Writing "001" 212 % 2/F ¢ (250 ms) 212 % 2/F gy (81.92 ms)
Writing "010" 213 X 2/F . (500 ms) 2"3 X 2/Fcr. (163.84 ms)
Writing "011" 214 2/Fc (15) 24 X 2/F gy (327.68 ms)
Writing "101" 215 x 2/F¢ (29) 2"5 x 2/F o, (655.36 ms)
Writing "110" 216 5 2/F¢ (45) 216 2/F g, (1.311's)
Writing "111" 27 x 2/F¢. (8's) 27 X 2/F Ry (2.621 s)
[bit0] WCLR: Watch prescaler clear bit
This bit clears all bits in the counter of the watch prescaler to "1".

bit0 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Clears all bits in the counter of the watch prescaler to "1".
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.
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9.6 Notes on Using Watch Prescaler

This section provides notes on using the watch prescaler.

9.6.1 Notes on Using Watch Prescaler

m  When setting interrupt processing in a program

The watch prescaler cannot be waken up from interrupt processing if the watch prescaler 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.

m Clearing the watch prescaler

When the watch prescaler is selected as the count clock of the software watchdog timer (WDTC:CS[1:0], CSP = 0b100 or
0b110), clearing the watch prescaler also clears the software watchdog timer.

m  Watch prescaler interrupts

In stop mode in which the main clock, the main CR clock, or the main CR PLL clock is used, the watch prescaler performs
counting, and can generate the watch prescaler interrupt.

m 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.
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This chapter describes the functions and operations of the wild register function.
10.1 Overview

10.2 Configuration

10.3 Operations

10.4 Registers

10.5 Typical Hardware Connection Example

10.1 Overview

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.

10.1.1 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, ROM data 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.
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10.2 Configuration

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 (WRDRO to WRDR2)
Wild register address setting register (WRARO to WRAR2)
Wild register address compare enable register (WREN)
Wild register data test setting register (WROR)

m  Control circuit block

10.2.1 Block Diagram of Wild Register Function
Figure 10-1. Block Diagram of Wild Register Function

Wild register function

Control circuit block

Access

ﬁ control circuit

Decoder and logic Address
control circuit compare circuit

T

Memory area block
Wild register address
setting register
(WRAR)

Internal bus

Wild register data setting
register
(WRDR)

Access
control circuit

Wild register address
compare enable register
(WREN)

Wild register data test
setting register
(WROR)

Memory space

m  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).

m  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).

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 124



Wild Register Function

Embedded in Tomorrow™

10.3 Operations

This section describes the procedure for setting the wild register function.

10.3.1 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.

m  Write the address of the built-in ROM code that will be modified to the wild register address setting register (WRARO to
WRAR?2).

m  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.

m  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 10-1 shows the procedure for setting the registers of the wild register function.

Table 10-1. Procedure for Setting Registers of Wild Register Function

Step Operation Operation example

Suppose the built-in ROM code to be modified is at the
address 0xF011 and the data to be modified is "0xB5", and
there are three built-in ROM codes to be modified.

Read replacement data from a peripheral function outside
through a certain communication method.

Write the replacement address to a wild register address | Set wild register address setting registers
setting register (WRARO to WRAR2). (WRARO = 0xF011, WRAR1 = ..., WRAR2 = ...).

Write a new ROM code (replacement for the built-in ROM
3 code) to a wild register data setting register (WRDRO to
WRDR2).

Set the wild register data setting registers
(WRDRO = 0xB5, WRDR1 =..., WRDR2 =...).

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 set in
Enable the EN bit in the wild register address compare the wild register address setting register (WRAR), the

4 enable register (WREN) corresponding to the wild register | value of the wild register data setting register (WRDR) will
number of the wild register function used. 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.

10.3.2  Wild Register Function Applicable Addresses

The wild register function can be applied to all address space except the address "0x0078".

Since the address "0x0078" is used as a mirror address for the register bank pointer and the direct bank pointer, this
address cannot be patched.
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10.4 Registers

This section describes the registers of the wild register function.

Table 10-2. List of Hardware/software Watchdog Timer Register

Wild Register Function

Register Register name Reference
abbreviation
WRDRO Wild register data setting register 0 10.4.1
WRDR1 Wild register data setting register 1 10.4.1
WRDR2 Wild register data setting register 2 10.4.1
WRARO Wild register address setting register 0 10.4.2
WRAR1 Wild register address setting register 1 10.4.2
WRAR2 Wild register address setting register 2 10.4.2
WREN Wild register address compare enable register 10.4.3
WROR Wild register data test setting register 10.4.4

Wild Register Number
A wild register number is assigned to each wild register address setting register (WRAR) and each wild register data setting

register (WRDR).

Table 10-3. 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
1 WRAR1 WRDR1
2 WRAR2 WRDR2
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10.4.1 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.

Register Configuration

WRDRO
bit 7 6 5 4 3 2 1 0
Field RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
WRDR1
bit 7 6 5 4 3 2 1 0
Field RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
WRDR2
bit 7 6 5 4 3 2 1 0
Field RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:0] RD[7:0]: Wild register data setting bits

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 address setting register
(WRAR). Data is valid at an address corresponding to one of the wild register numbers.

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 "1".
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10.4.2  Wild Register Address Setting Registers (WRARO to WRAR2)
The wild register address setting registers (WRARO to WRAR2) set the address to be amended by the wild register function.

Register Configuration

WRARO
bit 15 14 13 12 11 10 9 8
Field RA15 RA14 RA13 RA12 RA11 RA10 RA9 RA8
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
Attribute R/IW R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
WRAR1
bit 15 14 13 12 11 10 9 8
Field RA15 RA14 RA13 RA12 RA11 RA10 RA9 RA8
Attribute R/IW R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
WRAR2
bit 15 14 13 12 11 10 9 8
Field RA15 RA14 RA13 RA12 RA11 RA10 RA9 RA8
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
Attribute R/W R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit15:0] RA[15:0]: Wild register address setting bits

These bits set the address to be amended by the wild register function.
The address to be assigned to amendment data is set to these bits. The address is to be specified according to the wild
register number corresponding to a wild register address setting register.
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10.4.3  Wild Register Address Compare Enable Register (WREN)

The wild register address compare enable register (WREN) enables or disables the operations of wild register functions
using their respective wild register numbers.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — — Reserved Reserved Reserved EN2 EN1 ENO
Attribute — — w W w R/W R/W R/IW

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:6] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bit5:3] Reserved bits

Always set these bits to "0".

[bit2:0] EN[2:0]: Wild register address compare enable bits
These bits enable or disable the operation of the wild register.

m  ENO corresponds to wild register number 0.

m  EN1 corresponds to wild register number 1.

m  EN2 corresponds to wild register number 2.

bit2/bit1/bit0 Details
Writing "0" Disables the operation of the wild register function.
Writing "1" Enables the operation of the wild register function.
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10.4.4

Wild Register Data Test Setting Register (WROR)

The wild register data test setting register (WROR) enables or disables data reading from the corresponding wild register
data setting register (WRDRO to WRDR2).

Register Configuration

bit 7 5 4 3 2 1 0
Field — Reserved Reserved Reserved DRR2 DRR1 DRRO
Attribute — w w w R/W R/W R/W
Initial value 0 0 0 0 0 0 0

Register Functions

[bit7:6] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bit5:3] Reserved bits

Always set these bits to "0".

[bit2:0] DRR[2:0]: Wild register data test setting bits

These bits enable or disable the normal reading from the corresponding data setting register of the wild register.
m  DRRO corresponds to wild register number O.

m  DRR1 corresponds to wild register number 1.

m DRR2 corresponds to wild register number 2.

bit2/bit1/bit0 Details
Writing "0" Disables reading from the wild register data setting register.
Writing "1" Enables reading from the wild register data setting register.

10.5 Typical Hardware Connection Example

Below is an example of typical hardware connection for the application of the wild register function.

10.5.1

Figure 10-2. Typical Hardware Connection Example

Hardware Connection Example

EEPROM

! . MCU
(Storing correction program)
SO SIN
SI SOT
SCK SCK
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This chapter describes the functions and operations of the 8/16-bit composite timer.
11.1.0verview

11.2.Configuration

11.3.Channel

11.4.Pins

11.5.Interrupts

11.6.0peration of Interval Timer Function (One-shot Mode)
11.7.Operation of Interval Timer Function (Continuous Mode)
11.8.0Operation of Interval Timer Function (Free-run Mode)
11.9.0peration of PWM Timer Function (Fixed-cycle Mode)
11.10.0Operation of PWM Timer Function (Variable-cycle Mode)
11.11.0Operation of PWC Timer Function

11.12.0Operation of Input Capture Function

11.13.Operation of Noise Filter

11.14.Registers

11.15.Notes on Using 8/16-bit Composite Timer

1.1 Overview

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  PWOC timer function (pulse width measurement)

m Input capture function

11.1.1 Interval Timer Function (One-shot Mode)

When the interval timer function (one-shot mode) is selected, the counter starts counting from "0x00" as the timer is started.
When the counter value matches the value of the 8/16-bit composite timer data register, the timer output is inverted, an
interrupt request occurs, and the counter stops counting.
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11.1.2 Interval Timer Function (Continuous Mode)

When the interval timer function (continuous mode) is selected, the counter starts counting from "0x00" as the timer is
started. When the counter value matches the value of the 8/16-bit composite timer data register, the timer output is inverted,
an interrupt request occurs, and the counter counts from "0x00" again. The timer outputs square wave as a result of this
repeated operation.

11.1.3 Interval Timer Function (Free-run Mode)

When the interval timer function (free-run mode) is selected, the counter starts counting from "0x00". When the counter
value matches the value of the 8/16-bit composite timer data register, the timer output is inverted and an interrupt request
occurs. Under these conditions, if the counter continues to count and reaches "OxFF", it restarts counting from "0x00". The
timer outputs square wave as a result of this repeated operation.

11.14 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 "OxFF" in 8-bit operation or at "OxFFFF" in 16-bit operation. The time is determined by the
count clock selected. The "H" pulse width is specified by setting a specific register.

11.1.5 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.

11.1.6 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 "0x00" 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
interrupt.

11.1.7 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 "0x00", and transfers its value to a register to generate an interrupt after an
edge is detected. Afterward, the counter restarts counting from "0x00".

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 "0x00".
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11.2 Configuration

The 8/16-bit composite timer consists of the following blocks:

m  8-bit counter

m  8-bit comparator (including a temporary latch)

m  8/16-bit composite timer data register (TnODR/Tn1DR)

m  8/16-bit composite timer status control register 0 (TNOCR0/Tn1CRO)
m  8/16-bit composite timer status control register 1 (TNOCR1/Tn1CR1)
m  8/16-bit composite timer timer mode control register (TMCRn)

m  Output controller

m  Control logic

m  Count clock selector

m Edge detector

m  Noise filter

The number of pins and that of channels of the 8/16-bit composite timer vary among products. For details, refer to the device
data sheet.

In this chapter, "n" in a pin name and a register abbreviation represents the channel number. For details of pin names,
register names and register abbreviations of a product, refer to the device data sheet.
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11.2.1 Block Diagram of 8/16-bit Composite Timer
Figure 11-1. Block Diagram of 8/16-bit Composite Timer
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m 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
counter.

m  8-bit comparator

The comparator compares the value in the 8/16-bit composite timer data register and that in the counter. It incorporates a
latch that temporarily stores the 8/16-bit composite timer data register value.

m 8/16-bit composite timer data register (TNnODR/Tn1DR)

These registers are 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.

m  8/16-bit composite timer status control register 0 (TNOCR0/Tn1CRO)
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These registers are used to select the timer operating mode and the count clock, and to enable or disable IF flag interrupts.
m  8/16-bit composite timer status control register 1 (TN OCR1/Tn1CR1)

These registers are used to control interrupt flags, timer output, and timer operation.

m  8/16-bit composite timer timer mode control register (TMCRn)

This register is used to select the noise filter function, 8-bit or16-bit operating mode, and signal input to timer n0/n1 and to
indicate the timer output value.

m  Output controller

The output controller controls timer output. The timer output is supplied to the external pin when the pin output has been
enabled.

m  Control logic
The control logic controls timer operation.
m  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).

m 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
capture operation.

m 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.

m  TIO internal pin (internally connected to the LIN-UART, only available on timer 00)

The TIIO pin serves as the signal input pin for timer 00. Nonetheless, it is connected to the LIN-UART inside the chip. For
information about how to use the pin, see Chapter 15.LIN-UART. In addition, the TIIO pin for any timer other than timer 00 is
internally fixed at "0".

11.2.2 Input Clock

The 8/16-bit composite timer uses the output clock from the prescaler as its input clock (count clock).
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11.3 Channel

This section describes the channels of the 8/16-bit composite timer.

11.3.1 Channel of 8/16-bit Composite Timer

On 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 on a channel.

Table 11-1. External Pins of 8/16-bit Composite Timer

Pin name Pin function
TONO Timer n0 output
TONn1 Timer n1 output
ECn Timer nO input and timer n1 input
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1.4 Pins

This section describes the pins of the 8/16-bit composite timer.

11.41 Pins of 8/16-bit Composite Timer

The external pins of the 8/16-bit composite timer are TOn0, TOn1 and ECn. TIIO is for internal chip connection.

11.4.1.1  TOnO pin

TONO:

This pin serves as the timer output pin for timer n0 in 8-bit operation or for timers n0 and n1 in 16-bit operation. When the
output is enabled (TnOCR1:0E = 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 (DDR) and functions as the timer output TOn0

pin.
The output becomes undetermined if output is enabled with the input capture function in use.

11.4.1.2  TOn1 pin

TONn1:

This pin serves as the timer output pin for timer n1 in 8-bit operation. When the output is enabled (Tn1CR1:0E = 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 (DDR) and functions as the timer output TOn1 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.

11.4.1.3  ECn pin
The ECn pin is connected to the ECn0 and ECn1 internal pins.

ECnO internal pin:

This pin serves as the external count clock input pin for timer nO when the interval timer function or PWM timer function is
selected, or as the signal input pin for timer n0 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 ECn pin to "0" to make
the pin as an input port.

ECn1 internal pin:

This pin serves as the external count clock input pin for timer n1 when the interval timer function or PWM timer function is
selected, or as the signal input pin for timer n1 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 ECn pin to "0" to make
the pin as an input port.
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11.5 Interrupts

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 nO interrupt

m  Timer n1 interrupt

11.5.1

Timer nO Interrupt

Table 11-2 shows the timer n0 interrupt and its sources.

Table 11-2. Timer n0 Interrupt

Item

Description

Interrupt generating
source

Comparison match in the
interval timer operation or the
PWM timer operation
(variable-cycle mode)

Overflow in the PWC timer
operation or the input capture
operation

Completion of
measurement in the PWC
timer operation or edge
detection in the input
capture operation

Interrupt flag

TnOCR1:IF

TnOCR1:IF

TnOCR1:IR

Interrupt enable

TnOCR1:IE and TnOCRO:IFE

TnOCR1:IE and TnOCRO:IFE

TnOCR1:IE

11.5.2

Timer n1 Interrupt

Table 11-3 shows the timer n1 interrupt and its sources.

Table 11-3. Timer n1 Interrupt

Item

Description

Interrupt generating
source

Comparison match in the
interval timer operation or the
PWM timer operation
(variable-cycle mode), except
in 16-bit operation

Overflow in the PWC timer
operation or the input capture
operation, except in 16-bit
operation

Completion of
measurement in the PWC
timer operation or edge
detection in the input
capture operation, except
in 16-bit operation

Interrupt flag

Tn1CR1:IF

Tn1CR1:IF

Tn1CR1:IR

Interrupt enable

Tn1CR1:IE and Tn1CRO:IFE

Tn1CR1:IE and Tn1CRO:IFE

Tn1CR1:IE
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11.6 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.

11.6.1 Operation of Interval Timer Function (One-shot Mode)
To use the interval timer function (one-shot mode), do the settings shown in Figure 11-2.

Figure 11-2. Settings of Interval Timer Function (One-shot Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |

o) o} o) O 0 0 0 0
TnOCR1/Tn1CR1| STA | HO | IE | IR | BF | IF | SO | OE |

1 o) o) x x o) e} o}
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEO0O |

o) O x O O o) O O
TnODR/Tn1DR | Sets interval time (counter compare value) |

O: Used bit

x: Unused bit

1: Setto "1"

0: Setto "0"

As for the interval timer function (one-shot mode), enabling timer operation (TNOCR1/Tn1CR1:STA = 1) causes the counter
to start counting from "0x00" at the rising edge of a selected count clock signal. When the counter value matches the value
of the 8/16-bit composite timer data register (TNODR/Tn1DR), the timer output (TMCRn:TOO/TO1) is inverted, the interrupt
flag (TNOCR1/Tn1CR1:IF) is set to "1", the timer operation enable bit (TNOCR1/Tn1CR1:STA) is set to "0", and the counter
stops counting.

The value of the 8/16-bit composite timer data register (TNODR/Tn1DR) is transferred to the temporary storage latch
(comparison data storage latch) in the comparator when the counter starts counting. Do not write "0x00" to the 8/16-bit
composite timer data register.

Figure 11-3 shows the operation of the interval timer function in 8-bit operation.

Figure 11-3. Operation of Interval Timer Function in 8-bit Operation (One-shot Mode)

Counter value OXFF

0x80
0x00 1
1 1 1 1
—>
I 1 1 ] ! 1
Timer cycle ifi "
TnODR/Tn1DR : Y : o TnOdDR/Tn1 DR valule modified (0XFF4>0X803 : :
value (OxFF) 1  leare ! ' ! 1
1 1 by program 1 1 1 1
1 1 L L
| m | M
1 1 1
IF bit T d 1
STA bit —! A L3 L »
1 Automatically cleared Reactivated Automatically cleared Reactivated Automatically cleared
1 1 ! 1
' Inverted
1

_l—‘

For initial value "1" on activation

1

1 1 1 1

1 Reactivated with output initial value unchanged ("0")
1

1

I I

Timer output pin

*: If the TNnODR/Tn1DR data register value is modified during operation, the new value is used from the next active cycle.
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11.7 Operation of Interval Timer Function (Continuous Mode)

This section describes the interval timer function (continuous mode operation) of the 8/16-bit composite timer.

11.7.1 Operation of Interval Timer Function (Continuous Mode)
To use interval timer function (continuous mode), do the settings shown in Figure 11-4.

Figure 11-4. Settings for Interval Timer Function (Continuous Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |

o) o) o) o) 0 0 0 1
TnOCR1/Tn1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |

1 o) o) x x o) o) o)
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |

o) o) x ) o) o) o) )
TnODR/Tn1DR | 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 (TnOCR1/Tn1CR1:STA = 1) causes the
counter to start counting from "0x00" at the rising edge of a selected count clock signal. When the counter value matches the
value in the 8/16-bit composite timer data register (TnODR/Tn1DR), the timer output bit (TMCRn:TOO0/TO1) is inverted, the
interrupt flag (TNOCR1/Tn1CR1:IF) is set to "1", and the counter returns to "0x00" and restarts counting. The timer outputs
square wave as a result of this continuous operation.

The value of the 8/16-bit composite timer data register (TNODR/Tn1DR) 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
comparison match is detected. Do not write "0x00" to the 8/16-bit composite timer data register while the counter is counting.

When the timer stops operating, the timer output bit (TMCRn:TO0/TO1) holds the last value.

Figure 11-5. Operation Diagram of Interval Timer Function (Continuous Mode)

. Compare value . Compare value . Compare value
Compare value 1 (OxEO) 1 (OXFF) ' (0x80)
ale
OXFF iy
O0xEOQ
0x80
0x00

>
Time

value modified  modified (OxFF—0x80) !

(0OXEO—0xFF)"1 : Cleared by program 1
1

IF bit I|_" '4' |—" I'_v i_v

TnODR/Tn1DR value (0xEQ)

1
1
1
1
1
T
1
1 TnODR/Tn1DR ' TnODR/Tn1DR value
1
1
1
1
1
1

. 1 1
STA bit \Activated 1 Matched IMatched 1 Matched Matched 'Matched

1
Counter clear 2 |-| n ﬂ n !-l
1
Timer output pin ! I | I |

*1: If the TNODR/Tn1DR 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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11.8 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.

11.8.1 Operation of Interval Timer Function (Free-run Mode)
To use the interval timer function (free-run mode), do the settings shown in Figure 11-6.

Figure 11-6. Settings for Interval Timer Function (Free-run Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO | IFE | C2 | C1 | co | F3 | F2 | F1 | FO |

O O O O 0 0 1 0
TnOCR1/Tn1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |

1 o) o) x x o) o) o)
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |

O O x O o) o) o) o)
TnODR/Tn1DR | Sets interval time (counter compare value) |

O: Bit to be used

x: Unused bit

1: Setto "1"

0: Setto "0"

As for the interval timer function (free-run mode), enabling timer operation (TNOCR1/Tn1CR1:STA = 1) causes the counter to
start counting from "0x00" at the rising edge of a selected count clock signal. When the counter value matches the value in
the 8/16-bit composite timer data register (TNODR/Tn1DR), the timer output bit (TMCRn:TOO0/TO1) is inverted and the
interrupt flag (TNOCR1/Tn1CR1:IF) is set to "1". If the counter continues to count with the above settings and then reaches
"OxFF", it returns to "0x00" and restarts counting. The timer outputs square wave as a result of this continuous operation.
The value of the 8/16-bit composite timer data register (TNODR/Tn1DR) 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
comparison match is detected. Do not write "0x00" to the 8/16-bit composite timer data register.

When the timer stops operation, the timer output bit (TMCRn:TOO0/TO1) holds the last value.

Figure 11-7. Operation Diagram of Interval Timer Function (Free-run Mode)

Counter value
[y
OxFF |-
OxEO

0x80

0x00

TnODR/Tn1DR value (0xEO) Cleared by program

:

v L7 v '
IF bit | | |
1
1

. 1 '
STA bit 1 Activated : Matched 1 Matched 1 Matched
1

1
1
Counter value match* , n L n !_l |_|
1
Timer output pin ! '_:—l—l—l_

*: Even though a match is detected during operation, the counter is not cleared. The data register settings are reloaded into the comparison data latch.
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11.9 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.

11.9.1 Operation of PWM Timer Function (Fixed-cycle Mode)

To use the PWM timer function (fixed-cycle mode), do the settings shown in Figure 11-8.

Figure 11-8. Settings for PWM Timer Function (Fixed-cycle Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO | IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |

x o) o) o) 0 0 1 1
TnOCR1/Tn1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |

O O X X X X X O
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |

o) o) x o) o) ) o) o)
TnODR/Tn1DR | 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 (TOn0/TON1). The cycle is fixed at "OxFF" in 8-bit operation or "OxFFFF" 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
data register (TnODR/Tn1DR).

This function has no effect on the interrupt flag (TNROCR1/Tn1CR1:IF). Since each cycle always starts with "H" pulse output,
the timer output initial value setting bit (TNOCR1/Tn1CR1:SO) has no effect on operation.

The value of the 8/16-bit composite timer data register (TNODR/Tn1DR) 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
comparison match is detected.

When the timer stops operation, the timer output bit (TMCRn:TO0/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 TnODR/Tn1DR register.

Figure 11-9. Operation Diagram of PWM Timer Function (Fixed-cycle Mode)

TnODR/Tn1DR register value: "0x00" (duty ratio = 0%)

Counter value 0x00 > OxFF 0x00 ———>

W 1
PWM waveform !

K

TnODR/Tn1DR register value: "0x80" (duty ratio = 50%)

Counter value 0x00 > 0x80 > OxFF 0x00 —>

" HII . N '
PWM waveform J |
wn

TnODR/Tn1DR register value: "OxFF" (duty ratio = 99.6%)

Counter value 0x00 > OxFF 0x00 >
[T

' '
PWM waveform LJ | I One count width

Note: When the PWM function has been selected, the timer output pin holds the level at the point when the counter stops
(TnOCR1/Tn1CR1:STA = 0).
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11.10 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.

11.10.1  Operation of PWM Timer Function (Variable-cycle Mode)
To use the PWM timer function (variable-cycle mode), do the settings shown in Figure 11-10.

Figure 11-10. Settings for PWM Timer Function (Variable-cycle Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO |  IFE | C2 | C1 | Co | F3 | F2 | F1 | FO |

O o} O o) 0 1 0 0
TnOCR1/Tn1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |

1 O O x x O x x
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |

O O x x o) o) o) o)
TnODR Sets "L" pulse width (compare value)
Tn1DR Sets the cycle of PWM waveform (compare value)

O: Bit to be used

x: Unused bit

1: Setto "1"

0: Setto "0"

As for the PWM timer function (variable-cycle mode), both timers n0 and n1 are used. PWM signal of any cycle and of any
duty is output from the timer output pin (TOnO0). The cycle is specified by the 8/16-bit composite timer n1 data register
(Tn1DR), and the "L" pulse width is specified by the 8/16-bit composite timer n0 data register (TnODR).

Since both the 8-bit counters are used for this function, the composite timer cannot form a 16-bit counter.

Enabling timer operation (TnOCR1/Tn1CR1:STA = 1) sets the mode bit (TMCRn:MOD) to "0". As the first cycle always
begins with "L" pulse output, the timer initial value setting bit (TNOCR1/Tn1CR1:S0O) has no effect on operation.

An interrupt flag (TNOCR1/Tn1CR1:IF) is set when the 8-bit counter corresponding to that interrupt flag matches the value in
its corresponding 8/16-bit composite timer data register (TnODR/Tn1DR).

The 8/16-bit composite timer 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 n0 and n1. Selecting different count clocks for the two timers is prohibited.
When the timer stops operating, the timer output bit (TMCRN:TOO0) holds the last output value.

If the 8/16-bit composite timer 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 11-11. Operation Diagram of PWM Timer Function (Variable-cycle Mode)

TnODR register value: "0x80", Tn1DR register value: "0x80" (duty ratio = 0%)

(timer nO value > timer n1 value)

Counter t?mer no value 0X00 = 9 0x80, 0x00 P 0x80, 0x00
Counter timer n1 value 0x00 : < 0x80, 0x00 > 0x80, 0x00
o . '
'

PWM waveform

K

TnODR register value: "0x40", Tn1DR register value: "0x80" (duty ratio = 50%)

Counter timer n0 value 0X00 =——P»0x40 - — — P 0x00 ——— 0x40 * = = > 0x00
Counter timer n1 value 0x00  =———————> 0x80, 0X00 =—————> 0x80, 0x00

He ! ! 1

PWM waveform

E

oy

TnODR register value: 0x00", Tn1DR register value: "OxFF" (duty ratio = 99.6%)

Counter timer n0 value 0X00 -~ ——— = ——————mm o ——————— - $ 0x00
Counter timer n1 value 0x00 9 OxFF, 0x00
o

!
PWM waveform J

One count width I(—)|
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11.11 Operation of PWC Timer Function

This section describes the operation of the PWC timer function of the 8/16-bit composite timer.

11.11.1  Operation of PWC Timer Function

To use the PWC timer function, do the settings shown in Figure 11-12.

Figure 11-12. Settings for PWC Timer Function

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO| IFE | c2 | C1 | co | F3 | F2 | F1 | FO |

O O O o) O O o) o)
TnOCR1/Tn1CR1 | STA | HO | IE | IR | BF | IF | SO | OE |

1 O O o) O O o) x
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |

o} o} o} o) O O o) o)
TnODR/Tn1DR | 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 (TnOCRO/Tn1CRO:F[3:0]).

In the operation of this function, the counter starts counting from "0x00" 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 data register (TNODR/Tn1DR), and the interrupt flag (TNOCR1/Tn1CR1:IR) and the buffer full flag
(TNOCR1/Tn1CR1:BF) are set to "1". The buffer full flag is set to "0" when the 8/16-bit composite timer data register (TnODR/
Tn1DR) is read.

If the buffer full flag is set to "1", the 8/16-bit composite timer 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 data register.

There is an exception. With the F3 bit to FO bit in the TnNOCR0/Tn1CRO 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 data register, while the
cycle measurement result is not transferred to the 8/16-bit composite timer 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 time exceeding the range of the counter can be measured by counting the number of counter overflows using the
software. When the counter overflows, the interrupt flag (TNnOCR1/Tn1CR1: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
output initial value can be set by the timer output initial value bit (ThROCR1/Tn1CR1:S0O).

When the timer stops operating, the timer output bit (TMCRn:TO1/TO0) holds the last value.

145 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



8/16-bit Composite Timer

Embedded in Tomorrow

Figure 11-13. Operation Diagram of PWC Timer (Example of H-pulse Width Measurement)

v "H"width
—>
Pulse input
(Input waveform to PWC pin) X
Counter value  oypF [ __________________ e e
:/l s Time
e———>,
STA bit J . Counter 1 Cleared by program
' operation \
IR bit l
BF bit - l_
Data transferred from T
counter to TNnODR/Tn1DR  TOnDR/Tn1DR data register read
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11.12 Operation of Input Capture Function

This section describes the operation of the input capture function of the 8/16-bit composite timer.

11.12.1  Operation of Input Capture Function
To use the input capture function, do the settings shown in Figure 11-14.

Figure 11-14. Settings for Input Capture Function

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TnOCRO/Tn1CRO| IFE | c2 | c1 | Co | F3 | F2 | F1 | FO |
O O o) o) O O O O
TnOCR1/Tn1CR1| STA | HO | IE | IR | BF | IF | SO | OE |
1 O o) o) x O x x
TMCRn | TO1 | TOO | TIS | MOD | FE11 | FE10 | FEO1 | FEOO |
x x o) o) O O O O
TnODR/Tn1DR | Holds pulse width measurement value |
O: Bit to be used
x: Unused bit
1: Setto "1"

When the input capture function is selected, the counter value is stored to the 8/16-bit composite timer data register (TnODR/
Tn1DR) 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 (TnOCRO0/Tn1CRO:F[3:0]).

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 "0x00". When an edge is detected, the counter value is transferred to the 8/
16-bit composite timer data register (TNnODR/Tn1DR), the interrupt flag (TNnOCR1/Tn1CR1:IR) is set to "1", and the counter
returns to "0x00" and restarts counting.

In free-run mode, when an edge is detected, the counter value is transferred to the 8/16-bit composite timer data register
(TnODR/Tn1DR) and the interrupt flag (TNOCR1/Tn1CR1:IR) is set to "1". In this case, the counter continues to count without
being cleared.

This function has no effect on the buffer full flag (TnOCR1/Tn1CR1:BF).

The time exceeding the range of the counter can be measured by counting the number of counter overflows using the
software. When the counter overflows, the interrupt flag (TnOCR1/Tn1CR1: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
output initial value can be set by the timer output initial value bit (ThROCR1/Tn1CR1:S0O).

Note:

See 11.15.Notes on Using 8/16-bit Composite Timer for notes on using the input capture function.
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Figure 11-15. Operating Diagram of Input Capture Function
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11.13 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 (ECn). H-pulse noise, L-pulse noise, or H/L-pulse noise elimination can be selected by
the FE11, FE10, FEO1 and FEOO bits in the TMCRn 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 11-16. Operation of Noise Filter
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11.14 Registers

This section describes the registers of the 8/16-bit composite timer.
Table 11-4. List of 8/16-bit Composite Timer Registers

ab?)fg\ll?;:i:)n Register name Reference
TnOCRO 8/16-bit composite timer n0 status control register 0 11.14.1
Tn1CRO 8/16-bit composite timer n1 status control register 0 11.14.1
TnOCR1 8/16-bit composite timer n0 status control register 1 11.14.2
Tn1CR1 8/16-bit composite timer n1 status control register 1 11.14.2
TMCRn 8/16-bit composite timer timer mode control register 11.14.3
TnODR 8/16-bit composite timer n0 data register 11.14.4
Tn1DR 8/16-bit composite timer n1 data register 11.14.4

11.14.1  8/16-bit Composite Timer Status Control Register 0 (TnOCRO0/Tn1CRO0)

The 8/16-bit composite timer status control register 0 (TNOCRO/Tn1CRO) selects the timer operation mode, selects the count
clock, and enables or disables IF flag interrupts. The TnOCRO and Tn1CRO registers correspond to timers nO and n1
respectively.

Register Configuration

bit 7 6 5 4 3 2 1 0

Field IFE C2 C1 Cco F3 F2 F1 FO
Attribute R/W R/IW R/W R/W R/W R/W R/IW R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7] IFE: IF flag interrupt enable bit
This bit enables or disables IF flag interrupts.

During timer operation (TNnOCR1/Tn1CR1:STA = 1), the write access to this bit has no effect on operation. Ensure that the
timer has stopped before modifying this bit.

With this bit set to "1", an IF flag interrupt request is output when both the IE bit (TNnOCR1/Tn1CR1:IE) and the IF flag
(TNOCR1/Tn1CR1:IF) are set to "1".

bit7 Details
Writing "0" Disables the IF flag interrupt.

Writing "1" Enables the IF flag interrupt.
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[bit6:4] C[2:0]: Count clock select bits
These bits select the count clock. The count clock is generated by the prescaler. See 3.9.0peration of Prescaler.

During timer operation (TNOCR1/Tn1CR1:STA = 1), the write access to these bits has no effect on operation in timer
operation. The clock selection of Tn1CRO (timer n1) is nullified in 16-bit operation.

These bits cannot be set to "0b111" when the PWC function or input capture function is used. An attempt to write "0b111"
with the PWC function or input capture function in use resets the bits to "Ob000". The bits are also reset to "0b000" if the
timer enters the input capture operation mode with the bits set to "0b111".

When these bits are set to "0b110", the count clock from the time-base timer is 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, resetting
the time-base timer by writing "1" to the time-base timer clear bit in the time-base timer control register (TBTC:TCLR) affects
the count time.

Details
bit6:4 (MCLK: machine clock, Fcy: main clock, Fcgry: main CR clock,
FmcrpLL: main CR PLL clock)
Writing "000" 1 MCLK
Writing "001" MCLK/2
Writing "010" MCLK/4
Writing "011" MCLK/8
Writing "100" MCLK/16
Writing "101" MCLK/32
Writing "110" Fen/27, Forn28 or FycrpL /2%
Writing "111" External clock

*

The value to be used as the count clock depends on the settings of the SCS[2:0] bits in the SYCC register.
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[bit3:0] F[3:0]: Timer operating mode select bits

These bits select the timer operating mode.

The PWM timer function (variable-cycle mode; F[3:0] = 0b0100) is set by either the TnOCRO (timer n0) register or Tn1CRO
(timer n1) register. If one of the timers starts operating (TNOCR1/Tn1CR1: STA= 1), the F[3:0] bits of the other timer are
automatically set to "0b0100". With the 16-bit operation having been selected (TMCRn:MOD = 1), if the composite timer

starts operating using the PWM timer function (variable-cycle mode) (TnOCR1/Tn1CR1:STA = 1), the MOD bit is set to "0"
automatically.

Write access to these bits is nullified in timer operation (TNOCR1/Tn1CR1:STA = 1).

bit3:0 Details
Writing "0000" Interval timer (one-shot mode)
Writing "0001" Interval timer (continuous mode)
Writing "0010" Interval timer (free-run mode)
Writing "0011" PWM timer (fixed-cycle mode)
Writing "0100" PWM timer (variable-cycle mode)
Writing "0101" PWC timer (H pulse = rising edge to falling edge)
Writing "0110" PWC timer (L pulse = falling edge to rising edge)
Writing "0111" PWC timer (cycle = rising edge to rising edge)
Writing "1000" PWC timer (cycle = falling edge to falling edge)
Writing "1001" PWC timer (H pulse = rising edge to falling edge; cycle = rising edge to rising edge)
Writing "1010" Input capture (rising edge, free-run counter)
Writing "1011" Input capture (falling edge, free-run counter)
Writing "1100" Input capture (both edges, free-run counter)
Writing "1101" Input capture (rising edge, counter clear)
Writing "1110" Input capture (falling edge, counter clear)
Writing "1111" Input capture (both edges, counter clear)
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11.14.2  8/16-bit Composite Timer Status Control Register 1 (TnOCR1/Tn1CR1)

The 8/16-bit composite timer status control register 1 (TnOCR1/Tn1CR1) controls the interrupt flag, timer output, and timer
operations. TNOCR1 and Tn1CR1 registers correspond to timers n0 and n1 respectively.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field STA HO IE IR BF IF SO OE
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] STA: Timer operation enable bit

This bit enables or stops the timer operation.

Writing "0": stops the timer operation and sets the count value to "0x00".

m With the PWM timer function (variable-cycle mode) in use (TnOCR0/Tn1CRO0:F[3:0] = 0b0100), the STA bit in either the
TnOCR1 (timer n0) or the Tn1CR1 (timer n1) 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.

m  In 16-bit operation (TMCRn:MOD = 1), use the STA bit in the TNOCR1 (timer n0) register to enable or disable timer opera-
tion. 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": starts the timer operation from the count value "0x00".

m  Before setting this bit to "1", set the count clock select bits (ThROCRO0/Tn1CRO0:C[2:0]), timer operation select bits (TnOCRO/
Tn1CRO:F[3:0]), timer output initial value bit (TNOCR1/Tn1CR1:S0O), 16-bit mode enable bit (TMCRn:MOD), and filter
function select bits (TMCRn:FEn1, FEnO).

bit7 Details
Writing "0"
Writing "1"

Stops the timer operation.

Enables the timer operation.

[bit6] HO: Timer suspend bit

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 (TROCR1/Tn1CR1:STA = 1), writing "0" to the bit resumes the timer operation.

With the PWM timer function (variable-cycle mode) in use (TnOCR0/Tn1CRO:F[3:0] = 0b0100), the HO bit in either TNOCR1
(timer n0) or TN1CR1 (timer n1) can be used 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.

In 16-bit operation (TMCRn:MOD = 1), use the HO bit in the TnOCR1 (timer n0) 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.

bit6 Details
Writing "0"
Writing "1"

Resumes the timer operation.

Suspends the timer operation.
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[bit5] IE: Interrupt request enable bit
This bit enables or disables the output of interrupt requests.
Writing "0" to this bit disables the interrupt request.

Writing "1" to this bit outputs an interrupt request when the pulse width measurement completion/edge detection flag
(TnOCR1/Tn1CR1:IR) or timer reload/overflow flag (TNOCR1/Tn1CR1:IF) is "1".

However, an interrupt request from the timer reload/overflow flag (TnOCR1/Tn1CR1:IF) is not output unless the IF flag
interrupt enable bit (TNnOCRO/Tn1CRO:IFE) is also set to "1".

bit5 Details
Writing "0" Disables the interrupt request.
Writing "1" Enables the interrupt request.

[bit4] IR: Pulse width measurement completion/edge detection flag

This bit indicates the completion of pulse width measurement or the detection of an edge.

Writing "0" to this bit sets it to "0".

Writing "1" to this bit has no effect on operation.

With the PWC timer function in use, this bit is set to "1" immediately after pulse width measurement is complete.
With the input capture function in use, this bit is set to "1" immediately after an edge is detected.

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 Tn1CR1 (timer n1) register is set to "0" in 16-bit operation.

bit4 Details
Reading "0" Indicates that the pulse width measurement has been completed or no edge has been detected.
Reading "1" Indicates that the pulse width measurement has been completed or an edge has been detected.
Writing "0" Clears this flag.
Writing "1" Has no effect on operation.
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[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 data
register (TNODR/Tn1DR) immediately after pulse width measurement is complete.

In 8-bit operation, this bit is set to "0" when the 8/16-bit composite timer data register (TnODR/Tn1DR) is read.

The 8/16-bit composite timer data register (TnODR/Tn1DR) 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 transferred to the 8/16-bit composite timer data register (TnODR/
Tn1DR), and the next measurement result is thus lost. Nonetheless, there is an exception. With the F[3:0] bits in the
TnOCRO/Tn1CRO register having been set to "0b1001", even though the BF bit is set to "1", the "H" pulse measurement
result is transferred to the 8/16-bit composite timer data register (TNODR/Tn1DR), while the cycle measurement result is not
transferred to the 8/16-bit composite timer 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 TnOCR1 (timer n0) register is set to "0" when the Tn1DR (timer n1) register is read during 16-bit operation.

The BF bit in the Tn1CR1 (timer n1) 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..

bit3 Details
R Indicates that the there is no measurement data in the 8/16-bit composite timer data register (TnODR/
Reading "0
Tn1DR).
Reading "1" Indicates that the there is measurement data in the 8/16-bit composite timer data register
9 (TRODR/Tn1DR).

[bit2] IF: Timer reload/overflow flag
This bit detects 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 data register (TnNODR/Tn1DR) 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 counter overflow occurs.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1". Writing "0" to this bit sets it to "0".
Writing "1" to this bit has no effect on operation.

This bit becomes "0" if the PWM function (variable-cycle mode) is selected.

The IF bit in the Tn1CR1 (timer n1) register is "0" in 16-bit operation.

bit2 Details
Reading "0" Indicates that neither timer reload nor overflow has occurred.
Reading "1" Indicates that the a timer reload or an overflow has occurred.
Writing "0" Clears this flag.
Writing "1" Has no effect on operation.
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[bit1] SO: Timer output initial value bit

The timer output (TMCRn:TO1/TOO0) 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 (TnOCR1/Tn1CR1:STA) changes from "0" to "1".

In 16-bit operation (TMCRn:MOD = 1), use the SO bit in the TnOCR1 (timer n0) 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 (TNOCR1/Tn1CR1: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 Tn1CR1 (timer n1) 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.

bit1 Details

Writing "0" Sets "0" as the timer output initial value.

Writing "1" Sets "1" as the timer output initial value.

[bit0] OE: Timer output enable bit
This bit enables or disables timer output.

Writing "0" to this bit disables outputting the timer value (TMCRN:TO1/TO0) to the external pin. In this case, the external pin
serves as a general-purpose port.

Writing "1"to this bit enables outputting the timer value to the external pin.

bit0 Details
Writing "0" Disables timer output.
Writing "1" Enables timer output.
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11.14.3  8/16-bit Composite Timer Timer Mode Control Register (TMCRn)

The 8/16-bit composite timer timer mode control register (TMCRn) selects the filter function, 8-bit or 16-bit operating mode,
and signal input to timer n0 and indicates the timer output value. This register serves both timer n0 and timer n1.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field TO1 TOO TIS MOD FE11 FE10 FEO1 FEOO
Attribute R R R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7] TO1: Timer n1 output bit

This bit indicates the output value of timer n1. When the timer starts operation (TnOCR1/Tn1CR1: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 function is selected, the value in the
bit becomes undefined.

With the interval timer function or the PWC timer function having been selected, if the timer stops operating (TnOCR1/
Tn1CR1:STA = 0), this bit holds the last value.

With the PWM timer function (variable-cycle mode) having been selected, if the timer stops operating (TnOCR1/
Tn1CR1:STA = 0), this bit holds the last value.

When the timer operating mode select bits (TnOCR0/Tn1CRO0:F[3:0]) 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 its initial
value "0".

[bit6] TOO: Timer n0 output bit

This bit indicates the output value of timer n0. When the timer starts operation (TnOCR1/Tn1CR1: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.

With the interval timer function or the PWC timer function having been selected, if the timer stops operating (TnOCR1/
Tn1CR1:STA = 0), this bit holds the last value.

With the PWM timer function (variable-cycle mode) having been selected, if the timer stops operating (TnOCR1/
Tn1CR1:STA = 0), this bit holds the last value.

When the timer operating mode select bits (TnOCR0/Tn1CRO0:F[3:0]) 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 its initial
value "0".
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[bit5] TIS: Timer n0 internal signal select bit
This bit selects the signal input to timer n0 when the PWC timer function or input capture function is selected.
The functions of this bit vary among channels. Details of the functions for different channels are explained below.

m Ch.0
Writing "0" to this bit selects the external signal (EC0) as the signal input for timer 00.
Writing "1" to this bit selects the internal signal (TII0) as the signal input for timer 00.
The external pin assignment for the ECO pin can be changed.
For details, see Chapter 29.System Configuration Controller.
During timer operation (TOOCR1:STA = 1), the write access to this bit is invalid.

bit5 Details
Writing "0" Selects the external signal (ECO) as the signal input for timer 00.
Writing "1" Selects the internal signal (T110) as the signal input for timer 00.

m Channels other than ch. 0
Writing "0" to this bit selects the external signal (ECn) as the signal input for timer nQ.
Writing "1" to this bit is prohibited. Always write "0" to this bit.

bit5 Details
Writing "0" Selects the external signal (ECn) as the signal input for timer n0.
Writing "1" Setting prohibited.

[bit4] MOD: 8-bit/16-bit operating mode select bit

This bit selects 8-bit or 16-bit operating mode.

Writing "0" to this bit allows timers n0 and n1 to operate as separate 8-bit timers.
Writing "1" to this bit allows timers nO and n1 to operate as a 16-bit timer.

While this bit is "1", if the timer starts operating (TNOCR1/Tn1CR1:STA = 1) with the PWM timer function (variable-cycle
mode), this bit is automatically set to "0".

During timer operation (TNnOCR1/Tn1CR1:STA = 1), the write access to this bit is invalid.

bit4 Details
Writing "0" Selects the 8-bit operating mode.

Writing "1" Selects the 16-bit operating mode.

[bit3:2] FE1[1:0]: Timer n1 filter function select bits

These bits select the filter function for the external signal (ECn) to timer n1 when the PWC timer function or the input capture
function is selected.

During timer operation (Tn1CR1: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.).

bit3:2 Details
Writing "00" Disables the filter function.
Writing "01" Filters out "H" pulse noise.
Writing "10" Filters out "L" pulse noise.
Writing "11" Filters out both "H" pulse noise and "L" pulse noise.
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[bit1:0] FEO[1:0]: Timer nO filter function select bits

These bits select the filter function for the external signal (ECn) to timer n0 when the PWC timer function or the input capture

function is selected.

During timer operation (TNnOCR1:STA = 1), the write access to these bits is invalid.

8/16-bit Composite Timer

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.).

bit1:0 Details
Writing "00" Disables the filter function.
Writing "01" Filters out "H" pulse noise.
Writing "10" Filters out "L" pulse noise.
Writing "11" Filters out both "H" pulse noise and "L" pulse noise.
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11.14.4  8/16-bit Composite Timer Data Register (TnODR/Tn1DR)

The 8/16-bit composite timer data register (TNODR/Tn1DR) 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 TnODR and Tn1DR registers correspond to timers n0 and n1 respectively.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

m Interval timer function

The 8/16-bit composite timer data register (TNODR/Tn1DR) is used to set the interval time. When the timer starts operating
(TNOCR1/Tn1CR1: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 "0x00" and continues to count.

The current count value can be read from this register.
An attempt to write "0x00" to this register is disabled in interval timer function.

In 16-bit operation, write the upper timer data to Tn1DR and lower timer data to TnODR, and write or read Tn1DR first and
then TnODR.

m  PWM timer function (fixed-cycle)

The 8/16-bit composite timer data register (TnODR/Tn1DR) is used to set "H" pulse width time. When the timer starts
operating (TNnOCR1/Tn1CR1: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
output becomes "L" and the counter continues to count until the count value reaches "OxFF". 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 Tn1DR and lower timer
data to TnODR, and write or read Tn1DR first and then TnODR.

m  PWM timer function (variable-cycle)

The 8/16-bit composite timer n0 data register (TnODR) and 8/16-bit composite timer n1 data register (Tn1DR) are used to
set "L" pulse width time and cycle respectively. When the timer starts operating (TnOCR1/Tn1CR1: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 TnODR value transferred to the latch matches the timer nO counter value, the timer output becomes "H" and the
counting continues until the Tn1DR value transferred to the latch matches the timer n1 counter value. When the Tn1DR
value transferred to the latch of the 8-bit comparator matches the timer n1 counter value, the values of the TnODR register
and the TO1DR 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 Tn1DR and lower
timer data to TnODR, and read Tn1DR first and then TnODR.

m PWOC timer function

The 8/16-bit composite timer data register (TNODR/Tn1DR) 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 data register is read, the BF bit is set to "0". While the BF bit is "1", no data is transferred
to the 8/16-bit composite timer data register.

There is an exception. With the F[3:0] bits in the TNOCRO0/Tn1CRO register having been set to "0b1001", even though the BF
bit is set to "1", the "H" pulse measurement result is transferred to the 8/16-bit composite timer data register, while the cycle
measurement result is not transferred to the 8/16-bit composite timer 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.
When reading the 8/16-bit composite timer data register, ensure that the BF bit is not cleared accidentally.

If new data is written to the 8/16-bit composite timer data register, the stored measurement data is replaced with the new
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data. Therefore, do not write data to the register. In 16-bit operation, write the upper timer data to Tn1DR and lower timer
data to TnODR, and read Tn1DR first and then TnODR.

m Input capture function

The 8/16-bit composite timer data register (TNODR/Tn1DR) is used to read input capture results. When an edge specified is
detected, the counter value is transferred to the 8/16-bit composite timer data register.

If new data is written to the 8/16-bit composite timer 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 Tn1DR and lower timer
data to TnODR, and read Tn1DR first and then TnODR.

m Read and write operations

Read and write operations of TnODR and Tn1DR are performed in the following manner in 16-bit operation or when the
PWM timer function (variable-cycle) is selected.

1. Read from Tn1DR: In addition to the read access to Tn1DR, the value of TnODR is also stored in the internal read buffer
at the same time.

2. Read from TnODR: The internal read buffer is read.

3.  Write to Tn1DR: Data is written to the internal write buffer.

4. Write to TnODR: In addition to the write access to TnODR, the value of the internal write buffer is stored in Tn1DR at the
same time.

Figure 11-17 shows the TnODR and Tn1DR registers read from and written to during 16-bit operation.

Figure 11-17. Read and Write Operations of TnODR and Tn1DR Registers during 16-bit Operation

TnODR Read ;
Write register buffer Read
data data
; Write Tn1DR
buffer register
Tn1DR TnODR Tn1DR TnODR
write write read read
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11.15 Notes on Using 8/16-bit Composite Timer

This section provides notes on using the 8/16-bit composite timer.

11.15.1  Notes on Using 8/16-bit Composite Timer

m To switch the timer function with the timer operating mode select bits (TNOCR0/Tn1CRO:F[3:0]), stop the timer operation
first (TNOCR1/Tn1CR1:STA = 0), then clear the interrupt flag (TNOCR1/Tn1CR1:IF, IR), the interrupt enable bits (TNOCR1/
Tn1CR1:IE, TnOCRO/Tn1CRO:IFE) and the buffer full flag (TNOCR1/Tn1CR1:BF).

m 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 (TnOCRO/Tn1CRO0:F[3:0] = 0b1100 or 0b1111) 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 reg-
ister (TNODR/Tn1DR), and pulse width measurement completion/edge detection flag (TNOCR1/Tn1CR1:IR) will not be set
either.

o 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.

o 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.

m In 8-bit operating mode (TMCRn:MOD = 0) of the PWM timer function (variable-cycle mode), when modifying the 8/16-bit
composite timer data registers (TnODR and Tn1DR) during counter operation, modify Tn1DR first and then TnODR.

m  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
(see Figure 11-18 and Figure 11-19). Therefore, 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.

Figure 11-18. Operations of Counter in Standby Mode or in Pause (Not Serving as PWM Timer)
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Figure 11-19. 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.
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This chapter describes the functions and operations of the external interrupt circuit.
12.1 Overview

12.2 Configuration

12.3 Channels

12.4 Pin

12.5 Interrupt

12.6 Operations and Setting Procedure Example

12.7 Register

12.8 Notes on Using External Interrupt Circuit

12.1 Overview

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.

12.1.1 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.
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12.2 Configuration

The external interrupt circuit consists of the following blocks:

m Edge detection circuit
m External interrupt control register

12.2.1 Block Diagram of External Interrupt Circuit
Figure 12-1 is the block diagram of the external interrupt circuit.

Figure 12-1. Block Diagram of External Interrupt Circuit

Pin
INTn . - . -
Edge detection circuit 1 Edge detection circuit 0
{10 o 10 &
|IN_IP_in 1| A = A = -
n+
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External interrupt

control register | EIR1 | SL11 | SL10 | EIET | EIRO | SLO1 | SL0O | EIEO
(EIC) |

.

Internal data bus

-

IRQXX

IRQXX

Note: Pin names and interrupt request numbers vary among products.
For details, refer to “@ PIN FUNCTIONS” and “B INTERRUPT SOURCE TABLE”
in the device data sheet.

m 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".

m External interrupt control register (EIC)

This register is used to select an edge, enable or disable interrupt requests, check for interrupt requests, etc.
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12.3 Channels

This section describes the channels of the external interrupt circuit.

12.3.1 Channels of External Interrupt Circuit

Table 12-1 shows the pins and their corresponding registers of the external interrupt.

Table 12-1. Pins and Register of External Interrupt Circuit

Pin name Pin function Corresponding register
INTn External interrupt input ch. n
INTn+1 External interrupt input ch. n+1 . .
- - External interrupt control register (EIC)
INTn+2 External interrupt input ch. n+2
INTn+3 External interrupt input ch. n+3

The number of external interrupt circuit units varies among products. For the number of external interrupt circuit units in an
individual product, refer to the device data sheet.
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12.4 Pin

This section provides details of the pin of the external interrupt circuit.

12.41 Pin of External Interrupt Circuit
m INT pin
This pin serves both as an external interrupt input pin and as a general-purpose 1/O port.

If the INT pin is set as an input port by the port direction register (DDR) and the corresponding external interrupt input is
enabled by the external interrupt control register (EIC), that pin functions as an external interrupt input pin (INT).

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.

12.5 Interrupt

The interrupt source for the external interrupt circuit is the detection of the specified edge of the signal input to an external
interrupt pin.

12.5.1 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 or EIR1) is set to "1". In this case, if the interrupt request enable bit (EIC:EIEQ or 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.
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12.6 Operations and Setting Procedure Example

This section describes the operations of the external interrupt circuit.

12.6.1 Operations of External Interrupt Circuit

When the polarity of an edge of a signal input from one of the external interrupt pins (INTn, INTn+1) matches the polarity of
the edge selected by the external interrupt control register (EIC:SLO[1:0] or SL1[1:0]), the corresponding external interrupt
request flag bit (EIC:EIRO or EIR1) 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 (SLO0, SLO1 or SL10, SL11), set the interrupt request enable bit (EIEO or EIE1) to
"0" to prevent the interrupt request from being generated accidentally. Also clear the interrupt request flag bit (EIRO or EIR1)
to "0" after changing the edge polarity.

Figure 12-2 shows the operations for setting the INTn pin as an external interrupt input.

Figure 12-2. Operations of External Interrupt

Input waveform
ownmpn L [ LT LA
Interrupt request flag bit cleared
by program
EIRO bit
EIEO bit | L L | |
SLO1 bit ' [
SLOO bit
RQ n M1
No edge Rising edge Falling edge Both edges
detection

12.6.2  Setting Procedure Example
Below is an example of procedure for setting the external interrupt circuit.

m Initial settings

1. Set the interrupt level. (ILR*)

2. Select the edge polarity. (EIC:SL0[1:0])
3. Enable interrupt requests. (EIC:EIEQ = 1)

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and “Interrupt Source Table" in the device data sheet.
m Interrupt processing

1. Clear the interrupt request flag. (EIC:EIRO = 0)

2. Process any interrupt.

Note:

An external interrupt input port shares the same pin with a general-purpose 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).
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12.7

Register

This section describes the register of the external interrupt circuit.

Table 12-2. List of External Interrupt Circuit Register

External Interrupt Circuit

Register abbreviation Register name Reference
EIC External interrupt control register 12.7.1
12.7.1 External Interrupt Control Register (EIC)

The external interrupt control register (EIC) is used to select the edge polarity for the external interrupt input and control

interrupts.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field EIR1 SL11 SL10 EIE1 EIRO SLO1 SLOO EIEO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] EIR1: External interrupt request flag bit 1

This flag is set to "1" when the edge selected by the edge polarity select bits 1 (SL1[1:0]) is input to the external interrupt pin
INTn+1.

When this bit and the interrupt request enable bit 1 (EIE1) are set to "1", an interrupt request is output.
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".

bit7 Details
Reading "0" Indicates that the specified edge has not been input.
Reading "1" Indicates that the specified edge has been input.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit6:5] SL1[1:0]: Edge polarity select bits 1

These bits select the polarity of an edge of the pulse input to the external interrupt pin INTn+1. The edge selected is to be
the interrupt source.

If these bits are set to "0b00", no edge detection is performed and no interrupt request is made.

If these bits are set to "0b01", rising edges are to be detected; if "0b10", falling edges are to be detected; if "0b11", both
edges are to be detected.

bit6:5 Details
Writing "00" No edge detection
Writing "01" Rising edge
Writing "10" Falling edge
Writing "11" Both edges
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[bit4] EIE1: Interrupt request enable bit 1

This bit enables or disables outputting the interrupt request to the interrupt controller. When this bit and the external interrupt
request flag bit 1 (EIR1) are "1", an interrupt request is output.

When using an external interrupt pin, write "0" to the corresponding bit in the port direction 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, regardless of the status of the
interrupt request enable bit.

bit4 Details
Writing "0" Disables outputting the interrupt request.
Writing "1" Enables outputting the interrupt request.

[bit3] EIRO: External interrupt request flag bit 0

This flag is set to "1" when the edge selected by the edge polarity select bits 0 (SLO[1:0]) is input to the external interrupt pin
INTh.

When this bit and the interrupt request enable bit 0 (EIEQ) are set to "1", an interrupt request is output.
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".

bit3 Details
Reading "0" Indicates that the specified edge has not been input.
Reading "1" Indicates that the specified edge has been input.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit2:1] SLO[1:0]: Edge polarity select bits 0

These bits select the polarity of an edge of the pulse input to the external interrupt pin INTn. The edge selected is to be the
interrupt source.

If these bits are set to "0b00", no edge detection is performed and no interrupt request is made.

If these bits are set to "0b01", rising edges are to be detected; if "Ob10", falling edges are to be detected; if "0b11", both
edges are to be detected.

bit2:1 Details
Writing "00" No edge detection
Writing "01" Rising edge
Writing "10" Falling edge
Writing "11" Both edges

[bit0] EIEO: Interrupt request enable bit 0

This bit enables or disables outputting the interrupt request to the interrupt controller. When this bit and the external interrupt
request flag bit 0 (EIRO) are "1", an interrupt request is output.

When using an external interrupt pin, write "0" to the corresponding bit in the port direction 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, regardless of the status of the
interrupt request enable bit.

bit0 Details
Writing "0" Disables outputting the interrupt request.
Writing "1" Enables outputting the interrupt request.
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12.8 Notes on Using External Interrupt Circuit

This section provides notes on using the external interrupt circuit.

12.8.1 Notes on Using External Interrupt Circuit

m Before setting the edge polarity select bits (SLO[1:0] or SL1[1:0]), set the interrupt request enable bit (EIEO or EIE1) to "0"
(disabling interrupt requests). In addition, clear the external interrupt request flag bit (EIRO or EIR1) to "0" after setting the

edge polarity.
m  The device 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.
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This chapter describes the functions and operations of the interrupt pin selection circuit.
13.1 Overview

13.2 Configuration

13.3 Pins

13.4 Operation

13.5 Register

13.6 Notes on Using Interrupt Pin Selection Circuit

13.1  Overview

The interrupt pin selection circuit selects pins to be used as interrupt input pins from among various peripheral input pins.

13.1.1 Interrupt Pin Selection Circuit

The interrupt pin selection circuit is used to select interrupt input pins from various peripheral inputs (EC1, INT0O, TRG1,
UCKO and UI0). The input signal from each peripheral function pin is selected by this circuit and the signal is used as the
INTOO (ch. 0) input of external interrupt. This enables the input signal to the peripheral function pins to also serve as
external interrupt pins.
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13.2 Configuration

Figure 13-1 shows the block diagram of the interrupt pin selection circuit.

13.2.1 Block Diagram of Interrupt Pin Selection Circuit

Figure 13-1. Block Diagram of Interrupt Pin Selection Circuit
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m  WICR register (interrupt pin selection circuit control register)

Interrupt Pin Selection

This register is used to determine which of the available peripheral input pins should be output to the interrupt circuit and

which interrupt pins they should serve as.
m  Selection circuit

This circuit outputs the input from the pin selected by the WICR register to the INTOO input of the external interrupt circuit

(ch. 0).
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13.3 Pins

This section describes the pins of the interrupt pin selection circuit.

13.3.1 Pins of Interrupt Pin Selection Circuit

The peripheral function pins of the interrupt pin selection circuit are the EC1, INT00, TRG1, UCKO and UIO pins. These input
pins (except INTOO) are also connected to their respective peripheral units in parallel and can be used for both functions
simultaneously. Table 13-1 shows the correspondence between the peripheral functions and peripheral input pins.

Table 13-1. Correspondence between Peripheral Functions and Peripheral Input Pins

Peripheral input pin name Peripheral functions name
EC1 8/16-bit composite timer (event input)
INTOO Interrupt pin selection circuit
TRG1 16-bit PPG timer (trigger input)
UCKO UART/SIO (clock I/0)
ulo UART/SIO (data input)
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13.4 Operation

The interrupt pins are selected by setting the WICR register.

13.4.1 Operation of Interrupt Pin Selection Circuit

The WICR register selects the input pins to be input to INTOO0 of the external interrupt circuit (ch. 0). Below is a setup
procedure for the interrupt pin selection circuit and external interrupt circuit (ch. 0), which must be followed when selecting
the TRG1 pin as an interrupt pin.

1. Write "0" to the corresponding bit in the port direction register (DDR) to set the pin as an input.

2. Select the TRG1 pin as an interrupt input pin in the WICR register.
Write "0x01" to the WICR register. At this point, write "0" to the EIEOQ bit in the EICO0 register of the external interrupt cir-

cuit to disable the operation of the external interrupt circuit.

3. Enable the operation of INTOO of the external interrupt circuit (ch. 0).
Set the SLO[1:0] bits in the EIC0O register to any value other than "0b00" in the external interrupt circuit to select the valid

edge. Also write "1" to the EIEOQ bit to enable interrupts.

4. The subsequent interrupt operation is the same as that of the external interrupt circuit.
When a reset is released, the WICR register is initialized to "0x40" and the INTOO bit is selected as the only available
interrupt pin. To use any pins other than the INTOO pin as external interrupt pins, modify the settings of this register before

enabling the operation of the external interrupt circuit.
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13.5 Register

This section describes the register of the interrupt pin selection circuit.
Table 13-2. List of External Interrupt Circuit Register

Register abbreviation Register name Reference

WICR Interrupt pin selection circuit control register 13.5.1

13.5.1 Interrupt Pin Selection Circuit Control Register (WICR)

This register is used to determine which of the available peripheral input pins should be output to the interrupt circuit and
which interrupt pins they should serve as.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — INTOO — — EC1 ulo UCKO TRG1
Attribute — R/W — — R/W R/W R/W R/W

Initial value 0 1 0 0 0 0 0 0

Register Functions
[bit7] Undefined bit

The read value is always "0". Writing a value to this bit has no effect on operation.
[bit6] INT00: INTOO interrupt pin select bit
This bit determines whether to select the INTOO pin as an interrupt input pin.

Writing "0" to this bit deselects the INTOO pin as an interrupt input pin, and the interrupt pin selection circuit treats the INT0OO
pin input as being fixed at "0".

Writing "1" to this bit selects the INTOO pin as an interrupt input pin and the circuit passes the INTOO pin input to INTOO (ch.
0) of the external interrupt circuit. In this case, the input signal to the INTOO pin can generate an external interrupt if INTOO
(ch. 0) operation is enabled in the external interrupt circuit.

bit6 Details
Writing "0" Deselects the INTOO pin as an interrupt input pin.
Writing "1" Selects the INTOO pin as an interrupt input pin.

[bit5:4] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bit3] EC1: EC1 interrupt pin select bit
This bit determines whether to select the EC1 pin as an interrupt input pin.

Writing "0" to this bit deselects the EC1 pin as an interrupt input pin, and the interrupt pin selection circuit treats the EC1 pin
input as being fixed at "0".

Writing "1" to this bit selects the EC1 pin as an interrupt input pin and the circuit passes the EC1 pin input to INTOO (ch. 0) of
the external interrupt circuit. In this case, the input signal to the EC1 pin can generate an external interrupt if INTOO (ch. 0)
operation is enabled in the external interrupt circuit.

bit3 Details
Writing "0" Deselects the EC1 pin as an interrupt input pin.
Writing "1" Selects the EC1 pin as an interrupt input pin.
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[bit2] UI0: UI0 interrupt pin select bit
This bit determines whether to select the UIO pin as an interrupt input pin.

Writing "0" to this bit deselects the UI0 pin as an interrupt input pin, and the interrupt pin selection circuit treats the UIO pin
input as being fixed at "0".

Writing "1" to this bit selects the UIO pin as an interrupt input pin and the circuit passes the UIO pin input to INTOO (ch. 0) of
the external interrupt circuit. In this case, the input signal to the UIO pin can generate an external interrupt if INTOO (ch. 0)
operation is enabled in the external interrupt circuit.

bit2 Details

Writing "0" Deselects the UIO pin as an interrupt input pin.

Writing "1" Selects the UI0 pin as an interrupt input pin.
[bit1] UCKO: UCKO interrupt pin select bit

This bit determines whether to select the UCKO pin as an interrupt input pin.

Writing "0" to this bit deselects the UCKO pin as an interrupt input pin, and the interrupt pin selection circuit treats the UCKO
pin input as "0".

Writing "1" to this bit selects the UCKO pin as an interrupt input pin and the circuit passes the UCKO pin input to INTOO (ch.
0) of the external interrupt circuit. In this case, the input signal to the UCKO pin can generate an external interrupt if INTOO
(ch. 0) operation is enabled in the external interrupt circuit.

bit1 Details
Writing "0" Deselects the UCKO pin as an interrupt input pin.
Writing "1" Selects the UCKO pin as an interrupt input pin.

[bit0] TRG1: TRG1 interrupt pin select bit
This bit determines whether to select the TRG1 pin as an interrupt input pin.

Writing "0" to this bit deselects the TRG1 pin as an interrupt input pin, and the interrupt pin selection circuit treats the TRG1
pin input as being fixed at "0".

Writing "1" to this bit selects the TRG1 pin as an interrupt input pin and the circuit passes the TRG1 pin input to INTOO (ch.
0) of the external interrupt circuit. In this case, the input signal to the TRG1 pin can generate an external interrupt if INTOO
(ch. 0) operation is enabled in the external interrupt circuit.

bit0 Details
Writing "0" Deselects the TRG1 pin as an interrupt input pin.

Writing "1" Selects the TRG1 pin as an interrupt input pin.

When any of these bits (except undefined bits) is set to "1" and the operation of INTOO (ch. 0) of the external interrupt circuit
is enabled in standby mode of this device, the selected pin is enabled to perform input operation. The device wakes up from
the standby mode when a valid edge pulse is input to the selected pin. For detail of the standby mode, see 3.5 Operations in
Low Power Consumption Mode (Standby Mode).

Note:

The input signals to the peripheral pins do not generate an external interrupt even when "1" is written to these bits if the
INTOO (ch. 0) of the external interrupt circuit is disabled.

Do not modify the values of these bits while the INTOO (ch. 0) of the external interrupt circuit is enabled. If modified, the
external interrupt circuit may detect a valid edge, depending on the pin input level.

If multiple interrupt pins are selected in the WICR register simultaneously and the operation of INTOO (ch. 0) of the external
interrupt circuit is enabled (the values other than "0b00" are written to the SLO[1:0] bits in the EIC register of the external
interrupt circuit.), the selected pins will remain enabled to perform input so as to accept interrupts even in standby mode.
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13.6 Notes on Using Interrupt Pin Selection Circuit

This section provides notes on using the interrupt pin selection circuit.

m If multiple interrupt pins are selected in the WICR register simultaneously and the operation of INTOO (ch. 0) of the exter-
nal interrupt circuit is enabled (a value other than "0b00" is written to the SLO[1:0] bits in the EIC register of the external
interrupt circuit to select a valid edge, and "1" is written to the EIEO bit to enable the interrupt request.), the input to the
selected pins will remain enabled so as to accept interrupts even in standby mode.

m If multiple interrupt pins are selected in the WICR register simultaneously, an input to INTOO (ch. 0) of the external interrupt
circuit is treated as "H" if a signal input to one of the selected interrupt pins is "H" (It becomes "OR" of the signals input to
the selected pins).
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This chapter describes the functions and operations of the LIN-UART.
14.1 Overview

14.2 Configuration

14.3 Pins

14.4 Interrupts

14.5 LIN-UART Baud Rate

14.6 Operations of LIN-UART and LIN-UART Setting Procedure Example
14.7 Registers

14.8 Notes on Using LIN-UART

14.1 Overview

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.

14.1.1 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 14-1 lists the functions of the LIN-UART.

Table 14-1. Functions of LIN-UART (Sheet 1 of 2)

Function

Data buffer Full-duplex double-buffer

The LIN-UART oversamples received data for five times to determine the received

Serial input value by majority of sampling values (only asynchronous mode).

*Clock synchronous (Select start/stop synchronization, or start/stop bits)

Transfer mode *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 7 b!ts (not in synchronous or LIN mode)
+8 bits
Signal type NRZ (Non Return to Zero)
Start bit timing Synchronization with the start bit falling edge in asynchronous mode.
*Framing error
Reception error detection *Overrun error

*Parity error (Not supported in operating mode 1)

179 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



Embedded in Tomorrow™

Table 14-1. 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)

eInterrupt requests to TII0 (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 Serial Peripheral
Interface (SPI))

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 14-2. LIN-UART Operating Modes

Data length
Operating mode - 4 - - ST Stop bit length Data bit format
No parity With parity method
0 Normal mode 7 bits or 8 bits ,:ssynchrono
- 1 bit or 2 bits .

1 Multiprocessor ) ) < Asynchrono LSB first

mode 7 bits or 8 bits +1 us MSB first
24 Normal mode 8 bits Synchronou ane, 1bit, 2

s bits

4 LIN mode 8 bits - C\:y”"hmm 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 14-3. LIN-UART Operating Modes

MD1 MDO Operating mode Type
0 0 0 Asynchronous (Normal mode)
Asynchronous (Multiprocessor
0 1 1
mode)
1 0 Synchronous (Normal mode)
1 1 Asynchronous (LIN mode)

m  Operating mode 1 supports both master and slave operation for the multiprocessor mode.

m  The communication format of operating mode 3 is fixed: 8-bit data, no parity, stop bit 1, LSB-first.
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14.2 Configuration

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

Over sampling 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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14.2.1

Block Diagram of LIN-UART
Figure 14-1. Block Diagram of LIN-UART
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m Reload counter

LIN-UART

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).
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m Receive control circuit

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
completed 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.

m 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.

m 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.
m 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.

m  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.

m 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.

m  Error detection circuit

This circuit detects errors occurring at the end of reception. If an error occurs, a corresponding error flag is set.
m  Over sampling circuit

In asynchronous mode, the over sampling circuit over samples received data for five times to determine the received value
by majority of sampling values. The circuit stops operating in synchronous mode.

m Interrupt generation circuit

This circuit controls all interrupt sources. An interrupt is generated immediately provided that the corresponding interrupt
enable bit has been set.

m 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
falling edges of the LIN synch field and to measure the actual serial clock synchronization transmitted by the master node.

m LIN synch break generation circuit
This circuit generates a LIN synch break with a length set.
m 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"
respectively.
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m LIN-UART serial control register (SCR)

Its operating functions are as follows:

1. Setting the use of the parity bit

Parity bit select

Setting stop bit length

Setting data length

Selecting the frame data format in operating mode 1
Clearing the error flag

Enabling/disabling transmission

Enabling/disabling reception

m  LIN-UART serial mode register (SMR)

© N oA ON

Its operating functions are as follows:
1. Selecting the LIN-UART operating mode
Selecting the clock input source

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

m  LIN-UART serial status register (SSR)

No ok odN

Its operating functions are as follows:

1. Checking transmission/reception or error status

2. Selecting the transfer direction (LSB-first or MSB-first)
3. Enabling/disabling receive interrupts

4. Enabling/disabling transmit interrupts

m Extended status control register (ESCR)

Its operating functions are as follows:

1. 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
Sampling clock edge selection

o0k wbn

m  LIN-UART extended communication control register (ECCR)

Its operating functions are as follows:
1. Bus idle detection

2. Synchronous clock setting

3. LIN synch break generation

14.2.2 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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14.3 Pins

This section describes the pins of the LIN-UART.

14.3.1 Pins of LIN-UART

The pins of the LIN-UART are also used as general-purpose ports. Table 14-4. lists the LIN-UART pin functions and settings
for using them.

Table 14-4. Pins of LIN-UART

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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14.4 Interrupts

The LIN-UART has receive interrupts and transmit interrupts, which are generated by the following sources. An interrupt
number 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 trans-
mit shift register, and data transmission starts.

14.4.1 Receive Interrupt

Table 14-5 shows the control bits and interrupt sources of receive interrupts.

Table 14-5. Interrupt Control Bits and Interrupt Sources of Receive Interrupts

T Flag SRS oode Interrupt source Interrupt request flag
request flag . Interrupt source .
bit register 0 1 2 3 enable bit clear

RDRF SSR O O o O Writing received data to RDR Read received data
ORE SSR O O O O Overrun error SSRRIE

- : Write "1" to receive error
FRE SSR O O A O Framing error flag clear bit (SCR:CRE)
PE SSR O x A x Parity error
LBD ESCR x x x O 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

14.4.1.1  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".

m 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).

m  Overrun error

With RDRF = 1, the next serial data is received while the CPU has not read the RDR register. (ORE = 1).

m  Framing error

A stop bit reception error occurs (FRE = 1).

m  Parity error

A parity detection error occurs (PE = 1).

A receive interrupt request is made if the receive interrupt has been enabled (SSR:RIE = 1) when one of the above flag bits
is "1".

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).
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14.4.1.2  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, disable the reception (SCR:RXE = 0).

14.4.2  Transmit Interrupts

Table 14-6 shows the control bit and interrupt source of the transmit interrupt.

Table 14-6. Interrupt Control Bit and Interrupt Source of Transmit Interrupt

=Rt Flag (SR IEEE Interrupt source Interrupt request flag
request flag . Interrupt source .
bit register 0 1 2 3 enable bit clear
TDRE SSR O O O O Transmit register is empty SSR:TIE Write transmit data
O: Bit to be used

m  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 the TDRE bit 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 bit is cleared only by writing data to the LIN-UART
transmit data register (TDR).
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14.4.3  LIN Synch Field Edge Detection Interrupt (8/16-bit Composite Timer Interrupt)

Table 14-7 shows the control bits and interrupt sources of the LIN synch field edge detection interrupt.

Table 14-7. Interrupt Control Bits and Interrupt Sources of LIN Synch Field Edge Detection Interrupt

Interrupt Operating mode
Flag Interrupt source
request flag . Interrupt source X Interrupt request flag clear
bit register 0 1 2 3 enable bit

R ThOCR1 < N x 1) First faI.Ilng edge of the LIN
synch field .
e Tall 5 e LN TnOCR1:IE Write "0" to TnOCR1:IR

IR TnOCR1 | x x | x o) ith taling edge of the
synch field

O: Bit to be used
x: Unused bit

m LIN synch field edge detection interrupt (8/16-bit composite timer interrupt)

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 14-2.) 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 14-2. Baud Rate Calculation by 8/16-bit Composite Timer

LIN synch field
y >

|<
Reception data | | ‘ ‘ ‘ ‘ |

Start RDR RDR RDR RDR RDR RDR RDR RDR Stop
bit bit0 biti bit2 bit3 bitd bits bit6 | bit7  bit

H | Data = 0x55
Internal signal J
(LSYN) |
|
| |
Sgrg:())l;ite imer >< Capture value 1 >< Capture value 2

Difference in count values = Capture value 2 - Capture Value 1
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14.4.4  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).

14.4.4.1  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
mentioned above is set. If the receive interrupt has been enabled (SSR:RIE = 1) when an error flag is set, a receive interrupt is
generated.

Note:

In all operating modes, when a receive error occurs, data in the LIN-UART receive data register (RDR) becomes invalid.

Figure 14-3 shows the timing of reception and flag set.

Figure 14-3. Timing of Reception and Flag Set

Received data
(Operating mode 0/

Received data : . . X : ; X X ; X .

Received data
(Operating mode

PE™, FRE
RDRF

ORE2
(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 14-3 does not show all reception operations in mode 0. It only shows two examples of reception operations using
different 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.

Figure 14-4. ORE Flag Set Timing

Received ﬂaeeoaaq P 09696@7 P
|
RDRF

ORE I_
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14.4.5  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.

14.4.6  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
transmission of that data starts, the next data can be written to the TDR register (SSR:TDRE = 1). At the start of the data
transmission, 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 14-5 shows the timing of transmission and flag set.

Figure 14-5. Timing of Transmission and Flag Set

Transmit interrupt generated Transmit interrupt generated

Mode 0/1/3:
Wit to TDR 11 ; [ 1
oRE T [ |

Serial output

|sT|Do| D1[p2[D3|D4] 5| D6[D7] P 5P| ST | DO| 1| D2| D3| D4 | D5 DB [D7 | P+ 5P

Transmit interrupt generated Transmit interrupt generated

Mode 2 (SSM = 0):
Write to TDR [ ] \‘ [ ]

TDRE

Serial output ' '
[o| 01| D2| D3| 4| D5 [ D6 [D7]D0 | D1] D2| D3| D4| D5 | DE| D7| DO| D1[D2 | D3] D4

ST: Start bit, DO to D7: Data bits, P: Parity, SP: Stop bit
AD: Address data selection bit (mode 1)

Note:

Figure 14-5 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.

14.4.6.1  Transmit Interrupt Request Generation Timing

With the transmit interrupt having been enabled (SSR:TIE = 1), if the TDRE bit 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).

For interrupt request numbers and vector table addresses of respective peripheral functions, refer to "Interrupt Source
Table" in the device data sheet.
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14.5 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.

14.5.1 LIN-UART Baud Rate Selection

The baud rate can be selected from one of following three types. 14.5.2 Baud Rate Setting shows the baud rate selection
circuit.

m 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).

m 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 (BGRO, 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).

m 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).

Figure 14-6. LIN-UART Baud Rate Selection Circuit
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14.5.2  Baud Rate Setting

This section shows baud rate settings and the result of calculating the serial clock frequency.

14.5.2.1  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:
MCLK
v = (f) -1

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:

Reload value:
v= ( 10x108 ) -1=519.83..~520

19200
Thus, the actual baud rate can be calculated as shown below.
b= MCLK = 4g9x10®8 =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 over sampling have to be done before the reception
value is determined, set the reload value to at least "4".
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Reload Value and Baud Rate of Each Clock Speed
Table 14-8 shows the reload value and baud rate of each clock speed.

Table 14-8. Reload Value and Baud Rate

8 MHz (MCLK) 10 MHz (MCLK) 16 MHz (MCLK) 16.25 MHz (MCLK)
P | Retosa value | KIS0 | peioad vaie| Fiodioncy | Reload | Froguency | Reload | Froquoncy
2M - - 4 0 7 0 - -

1M 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 -0.16 211 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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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

generator, 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
signal becomes unstable. For the value of the SCK clock, refer to the data sheet of this microcontroller.

Operation of Dedicated Baud Rate Generator (Reload Counter)
Figure 14-7 shows the operation of two reload counters using a reload value "832" as an example.

Figure 14-7. Operation of Dedicated Baud Rate Generator (Reload Counter)

Transmit/receive clock - — — _ .
Falling at (V+1)/2
] x
Reload counter  anaf 001 832) 91 30 a20) e2s) airfatofatsf a1a) a1sy ar2) 4
A

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.
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14.5.3 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).

14.5.3.1 Functions of Reload Counter

There are two types of reload counter, the transmit reload counter and the receive reload counter. The reload counter
functions 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).

m  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.

m Restart

The reload counter restarts under the following conditions.

For both transmit/receive reload counters

1. LIN-UART programmable reset (SMR:UPCL bit)

2. Programmable restart (SMR:REST bit)

For the receive reload counter

3. Detection of a start bit falling edge in asynchronous mode

m  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 14-8 shows an example of using this function (when the reload value is 100).

Figure 14-8. Example of Using a Simple Timer by Restarting the Reload Timer

MCLK
(Machine clock)

SMR register Write

REST bit
write signal

Reload

Retoad counter (a7} a6 as 100} 00 (02 o7 {96 9504 (0a) 02) 1} s0 z0 { se) &7

BGRO/BGR1 register
read signal

:
e S

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.
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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.

m  Clear counter
When a reset occurs, the reload values in the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO) and the reload
counter are cleared to "0x00", and the reload counter stops.

Although the counter value is temporarily cleared to "0x00" by the LIN-UART reset (writing "1" to SMR:UPCL), the reload
counter 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
"0x00".
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14.6 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.

14.6.1 Operations of LIN-UART

m  Operating mode
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 14-9.
Table 14-9. LIN-UART Operating Modes

Data length
Operating mode - g - - SHTIE TENEN Stop bit length | Data bit format
No parity | With parity method
0 Normal mode 7 bits or 8 bits ﬁ\:ynchrono
. 1 bit or 2 bits .
1 Multiprocessor ) ) A Asynchrono LSB first
mode 7 bits or 8 bits +1 us MSB first
2 Normal mode 8 bits Synchronou N.one, 1 bit, 2
s bits
. Asynchrono . )
3 LIN mode 8 bits - us 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 14-10. 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.

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, use the same data length, parity setting, synchronization
type, etc. for CPUs. Select their operating modes as follows.

m  One-to-one connection: Use either operating mode 0 or operating mode 2 for both CPUs. 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.

m  Master/slave connection: Select operating mode 1. Use the CPU as a master/slave system.

197 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



LIN-UART

Embedded in Tomorrow

Asynchronous/Synchronous Method

As for the asynchronous method, the receive clock is synchronized with the receive start bit falling edge. As for the
synchronous 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.

Signaling
NRZ (Non Return to Zero).

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.

m To disable reception while it is in progress: wait until reception ends, read the receive data register (RDR), then disable
reception.

m To disable transmission while it is in progress: wait until transmission ends, then disable transmission.

Setting Procedure Example
Below is an example of procedure for setting the LIN-UART.

m Initial settings

1. Set the port input. (DDR)

Set the interrupt level. (ILR*)

Set the data format and enable transmission/reception. (SCR)

Select the operating mode and the baud rate, and enable pin output. (SMR)
5. Set the baud rate generators 1, 0. (BGR1,BGRO0)

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and “ Interrupt Source Table" in the device data
sheet.

Powbd
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14.6.2  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.

14.6.2.1  Operations in Asynchronous Mode
m  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],
s = Number of stop bits [1 or 2])
Figure 14-9 shows the transmit/receive data format in asynchronous mode (operating mode 0, 1).

Figure 14-9. iTransmit/Receive Data Format (Operating Mode 0, 1)

[Operating mode 0] | | | | | | | | | | | | |
Ny G G €D 6 €0 6O € G ST

! ! ! ! ! ! ! ! ! ! ! !
\STAPo{1fPe)pafpaxpsfpe)or (sp! | !

! ! !

\sTXee)(1)(2X o)) ReX(orX P X5 =P

!
\ST @ﬂ@@@@@@ﬁ sP

\eeo)(o7(o2) () oe) (e pe)(s =
!
|

S 6D E60 D 6O CO SN

! !
\sThDoX ko2 kpaKoa)(osfoek P K 1 se
s1//bo @@@@@@ﬂ sP |
\ \ \ \ \

8-bit data

P: Present

2

P: None

P: Present

2

[Operating mode 1] | |

| | | | |

| | | | | | | | | |
€D ED E/€ED C €D CO EO T CIES
! ! ! ! ! ! ! ! ! ! 1 ! !
| | | | | | | | | | | |
STXPORD1XP2Kpa) D4 K DX DeR DTXADKSP 1 |
! ! ! ! ! ! ! ! ! ! ! ! !
| l l l l l \ \ \ \ [ !
sTkpofo1 Koz koafos fosKoefankse i se i
| | | | | | | | | | | | |
€D ED C9 €D C €D EH |
| ! | | | | ! ! ! ! | |
| | | | | | | | | | | |

8-bit data

7-bit data

I
!
!
!
!

ST : Start bit

SP : Stop mode

P : Parity bit

AD : Address/data bit

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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m  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 bit to "0". If transmission has been
enabled (SCR:TXE = 1) when the TDRE bit 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
register (TDR) to the transmit shift register, the TDRE bit 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
direction select bit (BDS) setting (LSB-first or MSB-first).

Note:

Since the initial value of the transmit data register empty flag bit (SSR:TDRE) is "1", an interrupt is generated immediately
when the transmit interrupt is enabled (SSR:TIE = 1).

m  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
direction 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).

m 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).

m  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 bit (SSR:RDRF) is set to "1". When no start bit is
detected afterward, the receive bus idle flag bit (ECCR:RBI) is set to "1", indicating that no reception is executed.

m  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.

m 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.
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—

SN st [ [T L f sp

1ot100000

sot st L[ L [ P

tot1o00001

€
<

€
> <>

Data Parity

ST: Start bit, SP: Stop bit, Parity used (PEN = 1)
Note: In operating mode 1, the parity cannot be used.

A parity error occurs in even
parity during reception
(SCR:P =0)

Transmission of even parity
(SCR:P =0)

Transmission of odd parity
(SCR:P =1)

m Data signaling
NRZ data format.

m Data bit transfer method

The data bit transfer method can be LSB-first transfer or MSB-first transfer.
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14.6.3  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.

14.6.3.1  Operations in Synchronous Mode (Operating Mode 2)

m  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).

Figure 14-11 shows the data format in synchronous mode (operating mode 2).

Figure 14-11. Transmit/Receive Data Format (Operating Mode 2)

Transmit/receive data
(ECCR:SSM=0,SCR:PEN=0) @@@@@@@@
Transmit/receive data *
(ECCR:SSM=1,SCR:PEN=0)  \ST E@@@@@@ p7/ sp sp
Transmit/receive data *
(ECCRiSSM=1 SCRPEN=1) \sT /00) 01}(02)(Da) 04} 0506 )07 » /5P sP

*: When two stop bits are used (SCR:SBL = 1)

ST: Start bit, SP: Stop bit, P: Parity bit Data bit transfer method: LSB-first

m  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 14-12. Transmission Data Format During Clock Inverted

SeEsY e ™G IR
(SCES =0, CCO = 0) . .

Transmit/receive clock '
(SCES=1,CCO=0) — Mark level

Data stream (SSM = 1) iST| TT T 11171 [+
(No parity, 1 stop bit)

Data frame

m  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.

m  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
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number of transmit/receive data bits must be supplied from an external clock pin.
Keep the clock signal at the mark level ("H") if serial data is not related to transmission/reception.

m  Clock delay

When the SCDE bit in the ECCR register is set to "1", a delayed transmit clock is output as shown in Figure 14-13. This
function is required when the device on the reception side samples data at the rising edge or falling edge of the serial clock.

Figure 14-13. Transmit Clock Delay (SCDE = 1)

Write transmit data ﬂ
Receive data sample edge (SCES = 0)
. . * Mark level

Transmit/receive
clock (normal) :

' ' ' | ' ' ' ' | ' ' | ' | ' ' | Mark level
Transmit clock
(SCDE =1)

T T T T T T T T T Mark level
Transmit/receive data 0 1 1 0 1 0.0 1.

. LSB MSB |

) Data '

< >

m Clock inversion

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.

m  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 14-14 shows the operation of continuous clock supply (operating mode 2).

Figure 14-14. Continuous Clock Supply (Operating Mode 2)

Transmit/receive clock l
(SCES=0,CCO=1)

Transmit/receive clock 1

(SCES =1,CCO =1) ' g

Data stream (SSM = 1) |ST| | | | | | | | |SP:
(No parity, 1 stop bit) i :

Data frame

m  Error detection
When the start bit and the stop bit are disabled (ECCR:SSM = 0), only overrun errors are to be detected.
m  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.
a LIN-UART serial mode register (SMR)
MD[1:0]: "0b10" (Operating mode 2)

SCKE: "1"- Uses the dedicated baud rate reload counter
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:"0"= Inputs an external clock
SOE: "1"- Enables transmission/reception
: "0"— Enables only reception
o 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.

1.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.

2.For SSM = 1:

PEN: "1": Adds/detects parity bit, "0": Not use parity bit
P: "1": Even parity, "0": Odd parity
SBL: "1": Stop bit length 2, "0": Stop bit length 1
a 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.
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14.6.4  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
format is set to 8-bit data, no parity, stop bit 1, LSB first.

14.6.4.1  Asynchronous LIN Mode Operation

m  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 bit in the LIN-UART serial status register (SSR) is then set to "0". After the LIN synch break, the TDRE 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 14-11. LIN Synch Break Length

LBLO LBL1 Synch break length
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
interrupt, 0x55 can be written to the TDR after the LBR bit in ECCR is set to "1" even if the TDRE bit is "0".

m  Operation as LIN slave
In LIN slave mode, synchronize the LIN-UART 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. Set the 8/16-bit composite
timer to the input capture mode. In addition, enable the 8/16-bit composite timer interrupt and make the 8/16-bit composite
timer detect both edges. The time at which the input signal input to the 8/16-bit composite timer is eight times the baud rate.
Find the baud rate setting with the following equations.
a  When the counter of the 8/16-bit composite timer does not overflow
:BGRvalue=(b-a)/8-1
a  When the counter of the 8/16-bit composite timer has overflowed
:BGR value =(max+b-a)/8-1

max: Maximum value of free-run timer

a: TI0 data register value after the first interrupt

b: TIIO data register value after the second interrupt
Note:
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 Chapter 12.12.0Operation of Input
Capture Function.
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m 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 14-15. Timing of LIN Synch Break Detection and Flag Set

Serial clock |
Serial input E—
(LIN bus) | | | | | | | | | | | |

1

. | | ’I/FBD cleared by CPU l |

| i I

| | |

TIIO input | | |
(LSYN) | Synch break (for 14 bits setting) |
* - — - — — — — — |

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 14-16 shows the LIN-UART operation in LIN slave mode.

Figure 14-16. LIN-UART Operation in LIN Slave Mode

Serial clock cycle#

0123456 7 8 9101112131415

Serial clock l l l l l

Serialinput —— | |
(LIN bus) T A O O R N B Lo | l | l | l
— Lo

FRE ol A———————
Dol R T T T R A N B B

(RXE = 1) — / I T T (O O N B B
P A pe———————

LBD I / Lo I N N T R R

(RXE=0) . | | | / R N I T N T T

Receive interrupt generated when RXE = 1 Receive interrupt generated when RXE = 0
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RDR read by CPU

LBIE disabled —!

Reception enabled —

Falling edge of start bit
1 byte of reception data saved to RDR

!

IRQ clear: input capture of 8/16-bit composite timer count starts

J

IRQ (8/16-bit composite timer

Enable receive
interrupts

IRQ (8/16-bit composite timer)—

IRQ clear: Baud rate calculated and set
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14.6.5 Serial Pin Direct Access

The transmit pin (SOT) and the receive pin (SIN) can be accessed directly.

14.6.5.1 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 1/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
signal 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
prevents 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.
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14.6.6

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.

Bidirectional Communication Function (Normal Mode)

14.6.6.1

To operate the LIN-UART in normal mode (operating mode 0 or 2), the settings shown in Figure 14-18. are required.

Bidirectional Communication Function

Figure 14-18. Settings of LIN-UART Operating Mode 0 and Operating Mode 2

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

PE CR| RX| TX| MD| MD| OT| EX| RE| UP| SC| SO
SCR, SMR N P SBLI CL [ AD E E E 1 0 O T ST| CL| KE| E
Mode 0 —» ® ® ® ® x 0 ® ® 0 0 0 ® 0 0 ® ®
Mode 2 —» =] =1} @ * x 0 ® ® 1 0 ® ® 0 0 ® ®
SSR, PE OR| FR| RD| TD | BD RE| TE Set conversion data (during writing)
RDR/TDR E E RF| RE| S Retain reception data (during reading)
Mode 0 — O] O] © O] O] © O] ©]
Mode 2 — g o @ o © © O] ©

ei| LB | LBL| BL| so| sio| cc| sc| Rl 1B sc| ss| Res
ESCR, ECCR E D 1 0 PE | P 0 ES ZQ/ R MS DE | M ng RBI| TBI
Mode 0 — x x x x ® ® 0 0 0 0 x x x 0 ® ®
Mode 2 — x x x x ® O m ® O x © ©® © 0 ] ]
@©: Bit to be used
x: Unused bit
1: Setto "1"
0: Set to "0"
[@]: Used when SSM = 1 (Synchronous star/stop bit mode)

m Inter-CPU connection

When using bidirectional communication, connect two CPUs as shown in Figure 14-19.

Figure 14-19. Example of Connection for Bidirectional Communication in LIN-UART Operating Mode 2

SIN SIN
Output Input
SCK » SCK
A Iy
CPU1 CPU2
(Serial clock transmit side) (Serial clock receive side)
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m  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 14-20 is an example of bidirectional communication

flow chart.

Figure 14-20. Example of Bidirectional Communication Flow Chart

(Master)

Set operating mode
(0or2)

|

Communicate with 1-byte
data set in TDR

NO

. Data received?

YES

Read and process received

data

Data transmission
——

Data transmission

(ANS)

(Slave)

Set operating mode
(same as that of the master)

Data received?

Read and process received
data

Y

Transmit 1-byte data
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14.6.7  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.

14.6.7.1  Master/Slave Mode Communication Function
To operate the LIN-UART in multiprocessor mode (operating mode 1), the settings shown in Figure 14-21 are required.

Figure 14-21. Settings of LIN-UART Operating Mode 1

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bitS5 bit4 bit3 bit2 bit1 bit0
PE CR| RX| TX| MD| MD| OT| EX| RE| UP| SC| SO

SCR, SMR N P SBL{ CL | AD E E E 1 0 O T ST| CL| KE| E

Mode1> + x ©® © ® 0 ®© ©® 0 1 0 ® 0 0 o o

SSR, PE OR| FR| RD| TD | BD RE| TE Set compare data (during writing)
RDR/TDR E E RF| RE| S Retain receive data (during reading)
Mode 1 — x ® © © © © O] ©
ei| 1B | LBL| BL| so| sio| cc| sc| ReS| 1B sc| ss| Res
ESCR, ECCR E D 1 0 PE P o ES z;v R MS DE | M 221 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"

m 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 14-22. The LIN-UART can be used as a master or a

slave.
SOT % %

Figure 14-22. Connection Example of LIN-UART Master/Slave Mode Communication

SIN 7y y
Master CPU v v
SOT SIN SOT SIN
Slave CPU #0 Slave CPU #1
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m Function selection

In master/slave mode communication, select the operating mode and the data transfer method as shown in Figure 14-22.

Table 14-12. Selection of Master/Slave Mode Communication Functions

Operating mode
s 2 Data Parity SUICiiosss Stop bit Bit direction
Master CPU | Slave CPU method
Address . .
transmissio | Operating Operating A(?d= 1+ 7-bit or 8-bit
A address
nireception | Mode 1 mode 1 Asynchrono | 1 bitor2 LSB first or
(Transmit/ (Transmit/ None us bits MSB first
Data L receive AD receive AD AD = 0 + 7-bit or 8-bit
transmlgsm bit) bit) data
n/reception

m  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 14-23 is a flow chart showing master/slave mode communication (multiprocessor mode).

Figure 14-23. Master/Slave Mode Communication Flow Chart

(Master CPU) (Slave CPU)
| Set to operating mode 1 | | Set to operating mode 1 |
Set SIN pin for serial data Set SIN pin for serial data
input. input.
Set SOT pin for serial data Set SOT pin for serial
output. data output.
Set 7 or 8 data bits. Set 7 or 8 data bits.
Set 1 or 2 stop bits. Set 1 or 2 stop bits.
| Set AD bit to "1" | | Enable trans_rnlssmn/ |
reception
I
v v
Enable transmission/ | Receive bytes |
reception

v

| Transmit address to slave |

A4
| Set AD bit to "O" |

Communicate with master
Communicate with slave CPU
CPU

Terminate
communication?

YES

ommunicate
with another slave
CPU

Disable transmission/
reception
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14.6.8 LIN Communication Function

In LIN-UART communication, a LIN device can be used in a LIN master system or a LIN slave system.

14.6.8.1  LIN Master/Slave Mode Communication Function
Figure 14-24 shows the required settings for the LIN communication mode (operating mode 3) of the LIN-UART.

Figure 14-24. Settings of LIN-UART Operating Mode 3 (LIN)

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bitS5 bit4 bit3 bit2 bit1 bit0
PE CR| RX| TX| MD| MD| OT| EX| RE| UP| SC| SO
SCR, SMR N P SBL{ CL | AD E E E 1 0 O T ST| CL| KE| E

Mode 3 — + x + + x 0 o o 1 1 0 ® 0 0 o o

SSR, PE OR| FR| RD| TD | BD RE| TE Set conversion data (during writing)
RDR/TDR E E RF| RE| S Retain reception data (during reading)
Mode 3 — x ® © © © + O] ©
ei| 1B | LBL| BL| so| sio| cc| sc| ReS| 1B sc| ss| Res
ESCR, ECCR E D 1 0 PE P o ES z;v R MS DE | ™ 221 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"

m LIN device connection

Figure 14-25 shows an example of communication in a LIN bus system.
The LIN-UART can operate as a LIN master or a LIN slave.

Figure 14-25. Example of LIN Bus System Communication

SOT > '\ —ld M /I < SOT
ah LIN bus g
SIN |= fij SIN

LIN master Transceiver Transceiver LIN slave

x

A 4

<
=<

MMM
AAA

Y
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14.6.9

This section shows examples of LIN-UART LIN communication flow charts.

14.6.9.1  LIN Master Device
Figure 14-26. LIN Master Flow Chart

Examples of LIN-UART LIN Communication Flow Chart (Operating Mode 3)

Initial setting:

Set to operating mode 3

Enable serial data output, set baud rate
Set synch break length
TXE=1,TIE=0,RXE=1,RIE=1

-
-

Message?

RXE =0

Enable synch break interrupts
Transmit synch break:
ECCR:LBR =1

Transmit Synch field:

TDR = 0x55

LBD =1
Synch break interrupts

Q

Enable reception
LBD =0

Disable synch break
interrupts

RDRF =1
Receive interrupt

Q

Receive synch field !
Set Identify field: TDR = ID

RDRF =1
Receive interrupt

Q

Receive ID field™

(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

Q

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 -
Handle an error

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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14.6.9.2  LIN Slave Device
Figure 14-27. 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

v

Disable reception
Enable 8/16-bit composite timer interrupts
Enable synch break interrupts

(Reception)

(Transmission)
o

YES Data field N

received?

LBD =1
Synch break interrupt

RDRF = 1

"3

Clear synch break detection Receive interrupt A

ESCR:LBD =0 Recei 1 Set transmit data 1

Disable synch break eceive data 1 TDR = Data 1

interrupts RDRF = 1 !Ert1able iransmn
Receive interrupt interrupts

THO interrupt
TDRE =1

Transmit interrupt

"

")

| 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
Y Disable transmit
Disable reception | interrupts

TII0 interrupt |

)

RDRF =1
Receive interrupt

Read 8/16-bit composite timer data
Adjust baud rate

0

Enable reception - “
Clear 8/16-bit composite timer interrupt Receive data 1
flag Read data 1
Disable 8/16-bit composite timer interrupts

RDRF = 1

RDRF =1 Receive interrupt

Receive interrupt

)

")

Receive data N’
Read data N
Disable reception

Receive Identify field"!

o |

NO >
| Handle an error |—>

Sleep mode?

Wake-up
received?

\

Wake-up
transmitted?

. |
Transmit wake-up code >
| p [

\

*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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14.7 Registers

This section describes the registers of the LIN-UART.
Table 14-13. List of LIN-UART Registers

Register abbreviation Register name Reference
SCR LIN-UART serial control register 14.7.1
SMR LIN-UART serial mode register 14.7.2
SSR LIN-UART serial status register 14.7.3
RDR LIN-UART receive data register 14.7.4
TDR LIN-UART transmit data register 14.7.4
ESCR LIN-UART extended status control register 14.7.5
ECCR LIN-UART extended communication control register 14.7.6
BGR1 LIN-UART baud rate generator register 1 14.7.7
BGRO LIN-UART baud rate generator register O 14.7.7

14.7.1 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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field PEN P SBL CL AD CRE RXE TXE
Attribute R/IW R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7] PEN: Parity enable bit

This bit specifies whether or not to add (at transmission) and detect (at reception) a parity bit.

bit7 Details
Writing "0" Disables parity.
Writing "1" Enables parity.

Note:

The parity bit is added only in operating mode 0, or in operating mode 2 in which the 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: Parity select bit

With the parity bit having been enabled (SCR:PEN = 1), setting this bit to "1" selects the odd parity and setting this bit to "0"
selects the even parity.

bit6 Details
Writing "0" Even parity
Writing "1" Odd parity
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[bit5] SBL: Stop bit length select bit

This bit sets the bit length of the stop bit (frame end mark in transmit data) in operating mode 0, 1 (asynchronous) or in
operating mode 2 (synchronous) in which the 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).

bit5 Details
Writing "0" 1 bit
Writing "1" 2 bits

Note:
At reception, only a framing error for the bit length of the stop bit is always detected.
[bit4] CL: Data length select bit

This bit specifies the data length to be transmitted and received. This bit is fixed at "1" in operating mode 2 and operating
mode 3.

bit4 Details
Writing "0" 7 bits
Writing "1" 8 bits

[bit3] AD: Address/data format select bit

This bit specifies the data format for the frame to be transmitted and received in multiprocessor mode (operating mode 1).
Write a value to this bit in master mode; read this bit in slave mode. The operation in master mode is as follows.

The value for the last received data format is read.

bit3 Details

Writing "0" Sets the data frame as the data format.

Writing "1" Sets the address data frame as the data format.

Note:
See 14.8 Notes on Using LIN-UART for the usage of this bit.

[bit2] CRE: Receive error flag clear bit
This bit clears the FRE, ORE, and PE flags in serial status register (SSR).

bit2 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Clears the receive error flags (SSR:FRE, ORE, PE).

[bit1] RXE: Receive operation enable bit
This bits enables or disables the receive operation of the LIN-UART.

The LIN synch break detection in operating mode 3 is not affected by the setting of this bit.

bit1 Details
Writing "0" Disables data frame reception.
Writing "1" Enables data frame reception.

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.
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[bit0] TXE: Transmit operation enable bit

This bits enables or disables the transmit operation of the LIN-UART.

bit0

Details

Writing "0"

Disables data frame transmission.

Writing "1"

Enables data frame transmission.

Note:

LIN-UART

When data frame transmission is disabled (TXE = 0) while it is in progress, the transmission halts immediately. In this case,
the integrity of data is not guaranteed.
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14.7.2  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/
disable output to the serial data and clock pins.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field MD1 MDO oTO EXT REST UPCL SCKE SOE
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:6] MD[1:0]: Operating mode select bits

These bits select the operating mode.

bit7:6 Operating mode Details
Writing "00" 0 Asynchronous (Normal mode)
Writing "01" 1 Asynchronous (Multiprocessor mode)
Writing "10" 2 Synchronous (Normal mode)
Writing "11" 3 Asynchronous (LIN mode)

Note:

When the mode is changed during communication, exchanging on the LIN-UART is suspended and the LIN-UART waits for
the start of the next communication.

[bit5] OTO: One-to-one external clock input enable bit

This bit enables using the external clock directly as the LIN-UART serial clock.

In operating mode 2 (asynchronous), the external clock is used when the reception side of the serial clock is selected

(ECCR:MS = 1).
When the EXT bit in the SMR register is "0", the OTO bit is fixed at "0".
bit5 Details
Writing "0" The baud rate generator (reload counter) is used as the LIN-UART serial clock.
Writing "1" The external clock is used directly as the LIN-UART serial clock.

[bit4d] EXT: External serial clock source select bit

This bit selects the clock input.

bit4 Details
Writing "0" Selects the clock of the baud rate generator (reload counter).
Writing "1" Selects the external serial clock source.

[bit3] REST: Reload counter restart bit

This bit restarts the reload counter.

bit3 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Restarts the reload counter.
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[bit2] UPCL: LIN-UART programmable clear bit (LIN-UART software reset)
This bit resets the LIN-UART.
Writing "0" to this bit has no effect on operation.

Writing "1" to this bit resets the LIN-UART immediately (LIN-UART software reset). However, the register settings are
maintained. Upon the reset, transmission and reception are suspended, and all of the transmit/receive interrupt sources
(TDRE, RDRF, LBD, PE, ORE, FRE) are cleared.

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 = 0x00), and the reload counter is
restarted.

bit2 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Resets the LIN-UART.

[bit1] SCKE: LIN-UART serial clock output enable bit
This bit controls the 1/0O port of the LIN-UART serial clock.
Writing "0" to this bit makes the SCK pin function as a general-purpose 1/O port or a LIN-UART serial clock input pin.

Writing "1" to this bit makes the SCK pin function as a LIN-UART serial clock output pin and output the clock in operating
mode 2 (synchronous).

When set as a serial clock output pin (SCKE = 1), the SCK pin functions as a LIN-UART serial clock output pin regardless of
the state of the general-purpose I/O port sharing the same pin with SCK.

bit1 Details
Writing "0" Makes the SCK pin function as a general-purpose 1/0O port or a LIN-UART serial clock input pin.
Writing "1" Makes the SCK pin function as a LIN-UART serial clock output pin.

Note:

To use the SCK pin as a LIN-UART serial clock input pin (SCKE = 0), enable the use of the input port by setting the bit in the
DDR register corresponding to the general-purpose I/O port sharing the same pin with SCK. In addition, select the external
clock (EXT = 1) using the external serial clock source select bit.

[bit0] SOE: LIN-UART serial data output enable bit
This bit enables or disables outputting LIN-UART serial data.

When set as a serial data output pin (SOE = 1), the SOT pin functions as a serial data output pin (SOT) regardless of the
state of the general-purpose 1/O port sharing the same pin with SOT.

bit0 Details
Writing "0" Makes the SOT pin function as a general-purpose 1/O port.
Writing "1" Makes the SOT pin function as the LIN-UART serial data output pin.
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14.7.3  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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field PE ORE FRE RDRF TDRE BDS RIE TIE
Attribute R R R R R R/W R/W R/IW

Initial value 0 0 0 0 1 0 0 0

Register Functions
[bit7] PE: Parity error flag bit
This flag bit detects the parity error in received data.

This bit is set to "1" when a parity error occurs during reception, and cleared by writing "1" to the CRE bit in the LIN-UART
serial control register (SCR).

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.

bit7 Details
Reading "0"
Reading "1"

Indicates that no parity error has been detected.

Indicates that a parity error has been detected.

[bit6] ORE: Overrun error flag bit
This flag bit detects the overrun error in received data.

This bit is set to "1" when an overrun occurs during reception, and cleared by writing "1" to the CRE bit in the LIN-UART
serial control register (SCR).

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.

bit6 Details
Reading "0"
Reading "1"

Indicates that no overrun error has been detected.

Indicates that an overrun error has been detected.

[bit5] FRE: Framing error flag bit
This flag bit detects the framing error in received data.

This bit is set to "1" when a framing error occurs during reception, and cleared by writing "1" to the CRE bit in the LIN-UART
serial control register (SCR).

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.

bit5 Details
Reading "0"
Reading "1"

Indicates that no framing error has been detected.

Indicates that a framing error has been detected.
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[bit4] RDRF: Receive data register full flag bit
This flag bit shows the status of the LIN-UART receive data register (RDR).
This bit is set to "1" when received data is loaded into RDR, and cleared to "0" by reading the receive data register (RDR).

When both the RDRF bit and the RIE bit are "1", a receive interrupt request is output.

bit4 Details
Reading "0" Indicates that there is no data in the receive data register (RDR).
Reading "1" Indicates that there is data in the receive data register (RDR).

[bit3] TDRE: Transmit data register empty flag bit
This flag bit 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 to "1", indicating that the TDR does not have valid data.

When both the TDRE bit and the TIE bit are "1", a transmit interrupt request is output.

When the TDRE bit is "1", setting the LBR bit in the LIN-UART extended communication control register (ECCR) to "1"
changes the TDRE bit to "0". After the LIN synch break is generated, the TDRE bit returns to "1".

bit3 Details
Reading "0" Indicates that there is data in the transmit data register (TDR).
Reading "1" Indicates that there is no data in the transmit data register (TDR).

Note:
The initial value of the TDRE bit is "1".

[bit2] BDS: Transfer direction select bit

This bit specifies whether serial data transfer starts from the least significant bit (LSB-first, BDS = 0) or from the most
significant bit (MSB-first, BDS = 1).

bit2 Details
Writing "0" Selects LSB-first. (Serial data transfer starts from the LSB.)
Writing "1" Selects MSB-first. (Serial data transfer starts from the MSB.)

Note:

When data is written to or read from the serial data register, the data on the upper side and that on the lower side are
swapped. Therefore, if the BDS bit is modified after data is written to the RDR register, the data in the RDR register
becomes invalid. In operating mode 3 (LIN), the BDS bit is fixed at "0".

[bit1] RIE: Receive interrupt request enable bit
This bit enables or disables the receive interrupt request output to the interrupt controller.

When both the RIE bit and the receive data flag bit (RDRF) are "1", or when one or more error flag bits (PE, ORE, FRE) is
"1", a receive interrupt request is output.

bit1 Details

Writing "0" Disables the receive interrupt.

Writing "1" Enables the receive interrupt.
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[bit0] TIE: Transmit interrupt request enable bit

This bit enables or disables the transmit interrupt request output to the interrupt controller.

When both the TIE bit and the TDRE bit are "1", a transmit interrupt request is output.

bit0

Details

Writing "0"

Disables the transmit interrupt.

Writing "1"

Enables the transmit interrupt.
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14.7.4  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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field D7 D6 D5 D4 D3 D2 D1 DO
Attribute R/IW R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

T Details

Reads data from the LIN-UART receive data register.
Writes data to the LIN-UART transmit data register.

Read access:

Write access:

14.7.4.1  LIN-UART Receive Data Register (RDR)
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 register 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 register full flag bit (SSR:RDRF) being "1". The
receive data register 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.

14.7.4.2  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
output 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 register empty flag bit (SSR:TDRE) is cleared to "0" when transmit data is written to the LIN-UART
transmit data register (TDR).

The transmit data register empty flag bit (SSR:TDRE) is set to "1" after the data is transferred to the transmit shift register
and data transmission starts.

If the transmit data register empty flag bit (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 register empty flag bit (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
registers 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.
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14.7.5 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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field LBIE LBD LBL1 LBLO SOPE SIOP CCO SCES
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 1 0 0

Register Functions

[bit7] LBIE: LIN synch break detection interrupt enable bit

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 interrupt is enabled (LBIE = 1).

This bit is fixed at "0" in operating mode 1 and operating mode 2.

bit7 Details
Writing "0"
Writing "1"

Disables the LIN synch break detection interrupt.

Enables the LIN synch break detection interrupt.

[bit6] LBD: LIN synch break detection flag bit
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 is "0" when bit width is 11 bits
or more). If "0" is written to the LBD bit, the LBD bit and the interrupt are cleared. Although the bit always returns "1" if read
by the read-modify-write (RMW) type of instruction, this does not indicate that a LIN synch break has been detected.

bit6é Details
Reading "0" Indicates that no LIN synch break has been detected.
Writing "1" Indicates that a LIN synch break has been detected.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.
Note:

To detect a LIN synch break, enable the LIN synch break detection interrupt (LBIE = 1), and then disable the reception
(SCR:RXE =0).

[bit5:4] LBL[1:0]: LIN synch break length select bits
These bits select the bit length for the LIN synch break generation time.

The LIN synch break length for reception is always 11 bits.

bit5:4 Details
Writing "00" 13 bits
Writing "01" 14 bits
Writing "10" 15 bits
Writing "11" 16 bits
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[bit3] SOPE: Serial output pin direct access enable bit*

This bit enables or disables direct writing to the SOT pin.

Setting this bit to "1" when serial data output has been enabled (SMR:SOE = 1) enables direct writing to the SOT pin.

bit3

Details

Writing "0"

Disables serial output pin direct access.

Writing "1"

Enables serial output pin direct access.

[bit2] SIOP: Serial 1.0 pin direct access bit*

This bit controls direct access to the serial I/O pin.

The SIOP bit always returns the value of the SIN pin if read by a normal read instruction.

If direct access to the serial output pin is enabled (SOPE = 1), the value written to this bit is reflected in the SOT pin.

bit2

Details

Read access

Reads the value of the SIN pin.

With the SOPE bit set to "0":

Writing "0"

Writing "1"

Has no effect on operation.

With the SOPE bit set to "1":

When the bit manipul

Writing "0" Fixes the SOT pin at "0".
Writing "1" Fixes the SOT pin at "1".
Note:

ation instruction is used, the SIOP bit returns the bit value of the SOT pin in the read cycle.

SOPE SIOP Write access to SIOP Read access to SIOP
It has no effect on operation. (However, the .
0 R/W value written to the SIOP bit is held.) It returns the value of the SIN pin.
1 R/W It writes "0" or "1" to the SOT pin. It returns the value of the SIN pin.
1 RMW It reads the value of the SOT pin and writes "0" or "1" to the SOT pin.

[bit1] CCO: Continuous clock output enable bit

This bit enables or disables continuous serial clock output from the SCK pin.

LIN-UART

In operating mode 2 (synchronous) in which the serial clock transmission side is selected, setting the CCO bit to "1" enables
the continuous serial clock output from the SCK pin when the SCK pin is used as an clock output pin.

bit1

Details

Writing "0"

Disables continuous clock output.

Writing "1"

Enables continuous clock output.

Note:

When the CCO bit is "1", set the SSM bit in the ECCR register to "1".
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[bit0] SCES: Sampling clock edge select bit

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.

In operating mode 2 (synchronous) in which the serial clock transmission side is selected (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.

bit0 Details (only for operating mode 2)
Writing "0" Selects the rising edge of the clock as the sampling edge (normal).
Writing "1" Selects the falling edge of the clock as the sampling edge (inverted clock).
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14.7.6  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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field Reserved LBR MS SCDE SSM Reserved RBI TBI

Attribute W w R/W R/W R/W W R R

Initial value 0 0 0 0 0 0 X X

Register Functions

[bit7] Reserved bit

Always set this bit to "0".

[bit6] LBR: LIN synch break generation bit

In operating mode 3, if this bit is set to "1", a LIN synch break whose length is specified in the LBL[1:0] bits in the ESCR
register is generated.

In operating mode 0/1/2, set this bit to "0".

bit6 Details (only for operating mode 3)
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Generates a LIN synch break.

[bit5] MS: Transmission side/reception side of serial clock select bit
This bit selects the transmission side/reception side of the serial clock in operating mode 2.
If the transmission side (MS = 0) is selected, the LIN-UART generates a synchronous clock.

If the reception side (MS = 1) is selected, the LIN-UART receives an external serial clock. In mode 0/1/3, this bit is fixed at
"o

Modify this bit only when the SCR:TXE bit is "0".

bit5 Details (only for operating mode 2)
Writing "0" Selects the transmission side (serial clock generation).
Writing "1" Selects the reception side (external serial clock reception).

Note:

When the reception side is selected, select the external clock as the clock source and enable the external clock input
(SMR:SCKE =0, EXT =1, 0TO =1).

[bit4] SCDE: Serial clock delay enable bit

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 14-13. is output. The function of outputting delayed serial clock can be used in the Serial
Peripheral Interface (SPI).

This bit is fixed at "0" in operating mode 0/1/3.

bit4 Details (only for operating mode 2)

Writing "0" Disables serial clock delay.

Writing "1" Enables serial clock delay.
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[bit3] SSM: Start/stop bits mode enable bit
In operating mode 2, if this bit is set to "1", the start/stop bits are added to the synchronous data format.

In operating mode 0/1/3, this bit is fixed at "0".

bit3 Details (only for operating mode 2)
Writing "0" Disables the start/stop bits.
Writing "1" Enables the start/stop bits.

[bit2] Reserved bit
Always set this bit to "0".
[bit1] RBI: Receive bus idle detection flag bit

If the SIN pin is at "H" level and no reception is executed, this bit is "1". Do not use this bit when SSM = 0 in operating mode
2.

bit1 Details
Reading "0" Indicates that reception is in progress.
Reading "1" Indicates that there is no reception operation.

[bit0] TBI: Transmit bus idle detection flag bit

If there is no transmission on the SOT pin, this bit is "1". Do not use this bit when SSM = 0 in operating mode 2.

bit0 Details
Reading "0" Indicates that transmission is in progress.
Reading "1" Indicates that there is no transmission operation.
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14.7.7  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. In addition, the
count value in the transmit reload counter is read from this generator.

Register Configuration

BGR1
bit 7 6 5 4 3 2 1 0
Field — BGR14 BGR13 BGR12 BGR11 BGR10 BGR9 BGRS
Attribute — R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0
BGRO
bit 7 6 5 4 3 2 1 0
Field BGR7 BGR6 BGR5 BGR4 BGR3 BGR2 BGR1 BGRO
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0

Functions of BGR1 Register
[bit7] Undefined bit
The read value is always "0". Writing a value to this bit has no effect on operation.

[bit6:0] BGR[14:8]

bit6:0 Details
Read access: Reads the values of bit8:14 in the transmit reload counter.
Write access: Writes values to bit8:14 in the reload counter.

Functions of BGR0 Register
[bit7:0] BGR[7:0]

bit7:0 Details
Read access: Reads the values of bit0:7 in the transmit reload counter.
Write access: Writes values to bit0:7 in the reload counter.

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.

Write values to the BGR1 register or the BGRO register only when the LIN-UART has stopped operating.
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14.8 Notes on Using LIN-UART

This section provides notes on using the LIN-UART.

14.8.1 Notes on Using LIN-UART
m  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), enable both
transmission and reception before the transfer starts. Transmission and reception can be disabled to stop transfer if
necessary.

m  Setting communication mode

The communication mode should be set while the LIN-UART stops operating. If the communication mode is set while
transmission or reception is in progress, the integrity of data being transmitted or received at the setting of the mode is not
guaranteed.

m Timing of enabling transmit interrupts

Since the default (initial) value of the transmit data register 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.

m  Modifying operation settings

With the sampling clock edge select bit (ESCR:SCES) set to "0", before modifying any of the bits listed below, disable
reception and transmission. After modifying them, reset the LIN-UART with a software reset.

1. Serial control register (SCR)

Parity enable bit (PEN), stop bit length select bit (SBL), data length select bit (CL)

2. Serial mode register (SMR)

Operating mode select bits (MD[1:0])

3. Extended status control register (ESCR)

Continuous clock output enable bit (CCO)

4. 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
guaranteed.

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.
m  Modifying sampling clock edge select bit (ESCR:SCES)

With the SCES bit set to "1", executing the LIN-UART software reset is prohibited.

1. 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".

2. 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).
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m  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).

While the length of the LIN synch break transmit bit is variable, in detection, the bit length is fixed at 11 bits.

m 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.

m Bus idle function

The bus idle function is not available in synchronous mode (operating mode 2).
m  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, set the AD bit at 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.

m 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
"o

m  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).

m 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 14-28.).

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 14-28.).
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This chapter describes the functions and operations of the 8/10-bit A/D converter.
15.1 Overview

15.2 Configuration

15.3 Pin

15.4 Interrupt

15.5 Operations and Setting Procedure Example

15.6 Registers

15.7 Notes on Using 8/10-bit A/D Converter

15.1 Overview

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
software and the internal clock, with one input signal selected from multiple analog input pins.

15.1.1 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.
m The input signal can be selected from multiple analog input pins.

m  The conversion speed can be set in a program. (can be selected according to operating voltage and frequency).
m Aninterrupt is generated when A/D conversion is completed.

m 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.

m Activation using the AD bit in the ADC1 register

m Continuous activation using the 8/16-bit composite timer output TO00
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15.2 Configuration

The 8/10-bit A/D converter consists of the following blocks:

Control circuit

Clock selector (input clock selector for starting A/D conversion)
Analog channel selector

Sample-and-hold circuit

8/10-bit A/D converter data register (upper/lower) (ADDH/ADDL)
8/10-bit A/D converter control register 1 (ADC1)
8/10-bit A/D converter control register 2 (ADC2)

The number of analog input pins and that of analog channels of the 8/10-bit A/D converter vary among products. For details,

refer to the device data sheet.

In this chapter, "n" in a pin name represents the analog input pin number. For details of pin names of a product, refer to the

device data sheet.

15.2.1 Block Diagram of 8/10-bit A/D Converter
Figure 15-1 is the block diagram of the 8/10-bit A/D converter.

Figure 15-1. Block Diagram of 8/10-bit A/D Converter
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m  Clock selector

This selects the A/D conversion clock with continuous activation having been enabled (ADC2:EXT = 1).
m  Analog channel selector

This is the circuit selecting an input channel from several analog input pins.

m  Sample-and-hold circuit

This circuit holds input voltage selected by the analog channel selector. By sampling the input voltage and holding it
immediately after A/D conversion starts, this circuit prevents A/D conversion from being affected by the fluctuation in input
voltage during the conversion (comparison).

m  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
interrupt request flag bit (ADC1: ADI) to "1".

m  8/10-bit A/D converter data register (upper/lower) (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.

m  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
converter.

m  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.

15.2.2  Input Clock

The 8/10-bit A/D converter uses an output clock from the prescaler as the input clock (operating clock).
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15.3 Pin

This section describes the pin of the 8/10-bit A/D converter.

15.3.1 Pin of 8/10-bit A/D Converter
The analog input pin is also used as a general-purpose /O port.

m ANn pin

When using the A/D conversion function, input to the ANn pin the analog voltage to be converted. To use an ANn pin as an
analog input pin, write "0" to the bit in the port direction register (DDR) corresponding to that pin, and the value
corresponding to that pin to the analog input pin select bits (ADC1:ANS[3:0]). 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.

15.4 Interrupt

The completion of conversion during the operation of the A/D converter is an interrupt source of the 8/10-bit A/D converter.

15.4.1 Interrupt 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
having been enabled (ADC2:ADIE = 1). Always clear the ADI bit in the interrupt service routine.
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15.5 Operations 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 in the ADC2 register.

15.5.1

m Software activation

Operations of 8/10-bit A/D Converter Conversion Function

To activate the A/D conversion function with the software, do the settings shown in Figure 15-2.

Figure 15-2. Settings for A/D Conversion Function (Software Activation)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
ADC1 | ANS3 | ANS2 | ANS1 [ ANSO | ADI | ADMV |Reserved| AD |
® ® ® ® ® ® 0 1
ADC2 | AD8 [ TIM1 | TIMO | ADCK | ADIE | EXT [CKDIV1|CKDIVO|
® ® ® x ® 0 ® ®
ADDH | - | - | - | - | - | - | A/D converted value retained |
ADDL | A/D converted value retained |
®: Bit to be used
x : Unused bit
0 :Setto"0"
1:Setto"1"

When the A/D conversion function is activated, A/D conversion starts. In addition, the A/D conversion function can be re-
activated even during conversion.

m Continuous activation

To execute continuous activation of the A/D conversion function, do the settings shown in Figure 15-3.

Figure 15-3. Settings for A/D Conversion Function (Continuous Activation)

bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

ADC1 | ANS3 [ ANS2 | ANS1 | ANSO | ADI | ADMV [Reserved] AD |
® ® ® ® ® ® 0 x
ADC2 | AD8 | TIM1 | TIMO | ADCK | ADIE | EXT |CKDIV1|CKDIVO|
® ® @ ® ® 1 ® ®
ADDH | - | - | - | - | - | - | A/D converted value retained |
ADDL | A/D converted value retained |

©®: Bit to be used
x : Unused bit

0 : Setto"0"
1:Setto"1"

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).
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15.5.2 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.

2. 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.

3. The comparator in the control circuit compares the voltage loaded into sample-and-hold capacitor with the A/D conver-
sion 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:

m  The contents of the ADDH and ADDL registers are saved at 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.

m Do not change the analog input pin select bits (ADC1:ANS[3:0]) while AD conversion function is being used. During con-

tinuous activation in particular, disable continuous activation (ADC2:EXT = 0) before changing the analog input pin.

m  Areset, or the start of the stop mode or watch mode causes the A/D converter to stop and the ADMV bit to be cleared to

g

15.5.3  Setting Procedure Example

Below is an example of procedure for setting the 8/10-bit A/D converter:

9.

|
1

2

3.
4.
5
6
7
8

Initial settings

Set the input port. (DDR)

Set the interrupt level. (ILR*)

Select an A/D input pin. (ADC1:ANS[3:0])
Set the sampling time. (ADC2:TIM[1:0])
Select the clock. (ADC2:CKDIV[1:0])

Set A/D conversion precision. (ADC2:AD8)
Select the operating mode. (ADC2:EXT)
Select the start trigger. (ADC2:ADCK)
Enable interrupts. (ADC2:ADIE = 1)

10. Activate the A/D conversion function. (ADC1:AD = 1)

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and "Interrupt Source Table" in the device data

sheet.

m 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)
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15.6 Registers

This section describes the registers of the 8/10-bit A/D converter.
Table 15-1. List of 8/10-bit A/D Converter Registers

ab?a?gwi/?:i;n Register name Reference
ADCA1 8/10-bit A/D converter control register 1 15.6.1
ADC2 8/10-bit A/D converter control register 2 15.6.2
ADDH 8/10-bit A/D converter data register (upper) 15.6.3
ADDL 8/10-bit A/D converter data register (lower) 15.6.3

15.6.1 8/10-bit A/D Converter Control Register 1 (ADC1)

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
converter, select an analog input pin and check the status of the converter.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field ANS3 ANS2 ANS1 ANSO ADI ADMV Reserved AD
Attribute R/W R/W R/W R/W R/W R W w
Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7:4] ANS[3:0]: Analog input pin select bits
These bits select an analog input pin.

When A/D conversion is started (AD = 1) by the software (ADC2: EXT = 0), these bits can be modified simultaneously.

bit7:4 Details*
Writing "0000" ANOO pin
Writing "0001" ANO1 pin
Writing "0010" ANO2 pin
Writing "0011" ANO3 pin
Writing "0100" ANO4 pin
Writing "0101" ANO5 pin
Writing "0110" ANO6 pin
Writing "0111" ANO7 pin
Writing "1000" ANO8 pin
Writing "1001" ANO9 pin
Writing "1010" AN10 pin
Writing "1011" AN11 pin

*: The number of analog input pins vary among products. For the number of analog input pins of a product, refer to its data sheet.

Note:
m Do not write to ANS[3:0] any value other than those listed in the table above.

m  When the ADMV bit is "1", do not modify these bits. Pins not used as analog input pins can be used as general-purpose I/
O ports.
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[bit3] ADI: Interrupt request flag bit

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 conversion is complete.
Interrupt requests are output when this bit and the interrupt request enable bit (ADC2: ADIE) 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 always returns "1".

bit3 Details
Reading "0" Indicates that A/D conversion has not been completed.
Reading "1" Indicates that A/D conversion has been completed.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit2] ADMV: Conversion flag bit
This bit indicates that A/D conversion is in progress.
The bit is set to "1" during A/D conversion.

This bit is read-only. Writing a value to this bit has no effect on operation.

bit2 Details
Reading "0" Indicates that A/D conversion is not executed.
Reading "1" Indicates that A/D conversion is in progress.

[bit1] Reserved bit

Always set this bit to "0".

[bit0] AD: A/D conversion start bit

This bit starts the A/D conversion function with the software.
Writing "1" to the bit starts the A/D conversion function.

When the continuous start enable bit in the ADC2 register (ADC2:EXT) is "1", starting the A/D conversion with this bit is
disabled.

With the EXT bit set to "0", when "1" is written to this bit while A/D conversion is in progress, A/D conversion restarts.

bit0 Details

Writing "0" Has no effect on operation.

Writing "1" Starts the A/D conversion function.

Note:
Writing "0" to this bit cannot stop the operation of the A/D conversion function. The read value of this bit is always "0".
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15.6.2  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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field AD8 TIM1 TIMO ADCK ADIE EXT CKDIV1 CKDIVO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] AD8: Precision select bit

This bit selects the resolution of A/D conversion.

Writing "0" to this bit selects10-bit precision.

Writing "1" to this bit selects 8-bit precision. Reading the ADDL register can obtain 8-bit data.

bit7 Details
Writing "0" 10-bit precision
Writing "1" 8-bit precision

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.

[bit6:5] TIM[1:0]: Sampling time select bits
These bits select the sampling time.
Modify the sampling time according to operating conditions (voltage and frequency).

The CKIN value is determined by the clock select bits (ADC2:CKDIV[1:0]).

bit6:5 Details
Writing "00" CKIN x 4
Writing "01" CKIN x 7
Writing "10" CKIN x 10
Writing "11" CKIN x 16

Note:
Modify these bits only when the A/D converter has stopped operating.

[bit4d] ADCK: External start signal select bit
This bit selects the start signal for external start (ADC2:EXT = 1).

bit4 Details
Writing "0"

Selects not using any external start signal to start the A/D conversion function.

Selects the 8/16-bit composite timer ch. 0 output pin (TO00) as the pin used to start the A/D
conversion function.

Writing "1"
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[bit3] ADIE: Interrupt request enable bit
This bit enables or disables outputting the interrupt request to the interrupt controller.

When both this bit and the interrupt request flag bit (ADC1: ADI) have been set to "1", an interrupt request is output.

bit3 Details
Writing "0" Disables outputting the interrupt request.

Writing "1" Enables outputting the interrupt request.

[bit2] EXT: Continuous start enable bit

This bit selects whether to start the A/D conversion function with the software, or to continuously start the A/D conversion
function whenever a rising edge of the input clock is detected.

bit2 Details
Writing "0" Starts the A/D conversion function with the AD bit in the ADC1 register.
e mam Continuously start the A/D conversion function according to the clock selected by the ADCK bit in the
Writing "1 )
ADC2 register.

[bit1:0] CKDIV[1:0]: Clock select bits

These bits select the clock (CKIN) to be used for A/D conversion. The input clock is generated by the prescaler.
See 3.9 Operation of Prescaler for details.

The sampling time varies according to the clock selected by these bits.

Modify these bits according to operating conditions (voltage and frequency).

i (MCLK: r?izt::i?\e clock)
Writing "00" 1 MCLK
Writing "01" MCLK/2
Writing "10" MCLK/4
Writing "11" MCLK/8

Note:
Modify these bits only when the A/D converter has stopped operating.
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15.6.3  8/10-bit A/D Converter Data Register (Upper/Lower) (ADDH/ADDL)

The 8/10-bit A/D converter data register (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.

Register Configuration

ADDH
bit 7 6 5 4 3 2 1 0
Field — — — — — — SAR9 SARS8
Attribute — — — — — — R R
Initial value 0 0 0 0 0 0 0 0
ADDL
bit 7 6 5 4 3 2 1 0
Field SAR7 SAR6 SAR5 SAR4 SAR3 SAR2 SAR1 SARO
Attribute R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

Register Functions

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
the ADDL register.

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.
These two registers are read-only registers. Writing data to them has no effect on operation.

In A/D conversion in which 8-bit precision is selected, SAR8 and SAR9 in the ADDH register become "0".

m  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
conversion is completed, read A/D data registers (conversion results), and clear the interrupt request flag bit (ADI) in the
ADCA1 register. During A/D conversion, the values of the ADDH and ADDL registers are results of the last A/D conversion.
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15.7 Notes on Using 8/10-bit A/D Converter

This section provides notes on using the 8/10-bit A/D converter.

15.7.1 Notes on Using 8/10-bit A/D Converter

Note on setting the 8/10-bit A/D converter with a program

m  The contents of the ADDH and ADDL registers are saved at 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.

m Do not change the analog input pin select bits (ADC1:ANS[3:0]) while AD conversion function is being used. During con-
tinuous activation in particular, disable continuous activation (ADC2: EXT = 0) before changing the analog input pin.

m  Areset, or the start of the stop mode or watch mode causes the A/D converter to stop and the ADMV bit to be cleared to
v

m  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.

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.

A/D conversion error

As | Vcc - Vss | decreases, the A/D conversion error increases proportionately.

8/10-bit A/D converter analog input sequences

Turn on the analog input (ANn) and the digital power supply (Vcc) simultaneously, or turn on the analog input (ANn) after
turning on the digital power supply (V¢c).

Turn off the digital power supply (Vcc) and the analog input (ANn) simultaneously, or turn off the digital power supply (V¢c)
after turning off the analog input (ANn).

Ensure that the analog input voltage does not exceed the voltage of the digital power supply (V) when turning on or off the
power supply of the 8/10-bit A/D converter.

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).
Example:
Sampling time = CKIN x (ADC2:TIM[1:0] settings)
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
m  The conversion time may have an error of up to (1 CKIN — 1 MCLK), depending on the time at which A/D conversion
starts.

m  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 device data sheet.
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This chapter describes the function and operation of the low-voltage detection reset circuit.
16.1 Overview

16.2 Configuration

16.3 Pins

16.4 Operation

16.5 Register

16.1 Overview

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.

16.1.1 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 LVD reset voltage selection ID register (LVDR) selects the reset threshold voltage.
At power-on, the lowest reset threshold voltage is selected in the LVDR register.
The circuit is only available on certain products. Check the availability of the circuit in the device data sheet.

Refer also to the device data sheet for details of the Electrical characteristics.
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16.2 Configuration

Figure 16-1. is the block diagram of the low-voltage detection reset circuit.

16.2.1 Block Diagram of Low-voltage Detection Reset Circuit

Figure 16-1. Block Diagram of Low-voltage Detection Reset Circuit
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I?I

OxAA
0x5A
Reset signal
0x55 —
N-ch
+
Other | Vref |

values

[LvRs7|LVRs6|LVRS5|LVRS4|LVRS3[LVRS2|LVRS1[LVRSO|
LVD reset voltage selection ID register (LVDR)

16.3 Pins

This section describes the pins of the low-voltage detection reset circuit.

16.3.1 Pins of Low-voltage Detection Reset Circuit
m Ve pin

The low-voltage detection reset circuit monitors the voltage of this pin.
m Vggpin

This is the GND pin serving as the reference for voltage detection.

m RST pin

The low-voltage detection reset signal is output inside the microcontroller and to this pin.
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16.4 Operation

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

16.4.1 Reset Threshold Voltage

In the case of changing the reset threshold voltage in the LVDR register, the new threshold voltage does not start to take
effect until the LVD reset threshold voltage transition stabilization time (tgy,) elapses. For details of tyy, refer to the device

data sheet.

16.4.2  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
detection voltage. Afterward, if the low-voltage detection reset circuit detects the low-voltage detection reset release voltage,
it outputs a reset signal lasting for the oscillation stabilization wait time and then releases the reset.

For details of the electrical characteristics, refer to the device data sheet.

Figure 16-2. Operation of Low-voltage Detection Reset Circuit

Vce

Detection voltage/
reset release voltage

Operating voltage
lower limit

Reset signal

A: Delay
B: Oscillation stabilization wait time

16.4.3  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).

249 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



Embedded in Tomorrow™

16.5

This section describes the register of low-voltage detection reset circuit.

Register

Table 16-1. List of Low-voltage Detection Reset Circuit Register

Low-Voltage Detection Reset Circuit

Register .
abbreviation Register name Reference
LVDR LVD reset voltage selection ID register 16.5.1
16.5.1 LVD Reset Voltage Selection ID Register (LVDR)
The LVD reset voltage selection ID register (LVDR) selects the reset threshold voltage.
Register Configuration
bit 7 6 5 4 3 2 1 0
Field LVRS7 LVRS6 LVRS5 LVRS4 LVRS3 LVRS2 LVRS1 LVRSO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7:0] LVRS[7:0]: LVD reset voltage select bits

These bits select the reset threshold voltage with an 8-bit code. They are cleared upon a power-on reset.

Reset threshold voltage

bit7:0 Detection voltage (typical value) Release voltage (typical value)
Writing "01010101" 27V 28V
Writing "01011010" 3V 3.1V
Writing "10101010" 32V 3.3V
Writing a value other than the above 26V 27V

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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This chapter describes the functions and operations of the clock supervisor counter.
17.1 Overview

17.2 Configuration

17.3 Operations

17.4 Registers

17.5 Notes on Using Clock Supervisor Counter

17.1 Overview

The clock supervisor counter checks the external clock frequency to detect the abnormal state of the external clock.

17.1.1 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:

Operate the clock supervisor counter in main CR clock mode together 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 Chapter 8.Hardware / Software Watchdog Timer for the hardware watchdog timer (running in standby mode).
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7.2 Configuration

Control circuit

Clock Monitoring Control Register (CMCR)
Clock Monitoring Data Register (CMDR)

Time-base timer output selector

Counter source clock selector

Clock Supervisor Counter

7.2.1 Block Diagram of Clock Supervisor Counter

Figure 17-1 is the block diagram of the clock supervisor counter.

Figure 17-1. Block Diagram of Clock Supervisor Counter
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Clock Supervisor Counter

m  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).

m  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
intervals, start the counter and check whether the counter is operating or not.

m  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.

m  Time-base timer interval selector
This block is used to select the counter enable period from eight different time-base timer intervals.
m  Counter source clock selector

This block is used to select the counter source clock from the main oscillation clock and the suboscillation clock.
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17.3 Operations

This section describes the operations of the clock supervisor counter.

17.3.1 Clock Supervisor Counter

m  Clock Ssupervisor Couter 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.

Figure 17-2. Clock Supervisor Counter Operation 1

Selected time-base _I—I—I—I—I—I—
timer interval

....... ot
CMCEN |

Internal counter 0 MWOOOOOOW 30

30

Main/Sub-oscillation clock

CMDR register 0 X

m  Clock supervisor Couter Operation 2
The CMDR register is cleared when the CMCEN bit changes from "0" to "1".

Figure 17-3. Clock Supervisor Counter Operation 2

Selected time-base m

timer interval
ainssuo-osaitation ciock NN
CMCEN | \—'\Clear .

10 | 0 | 10

CMDR register 0 |
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m  Clock Supervisor Counter Operation 3

The counter stops counting if it reaches "255". It cannot count further than "255".

Figure 17-4. Clock Supervisor Counter Operation 3
Selected time-base _l—l—l—l—l—l—
timer interval
ainsuo-oscitaion dock NN

CMCEN |
Internal counter 0 XXXX)OOOOOOOO( 255

CMDR register 0 255

m  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 17-5. Clock Supervisor Counter Operation 4
Selected time-base _I—I—I—I—I—I—

timer interval
vaisub-osaitaton dock NN

CMCEN |

Internal counter

CMDR register 0

m  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.

Figure 17-6. Clock Supervisor Counter Operation 5
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CMDR register 0
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Table of Time-base Timer Intervals & Clock Supervisor Counter Values

CYPRESS Clock Supervisor Counter

Table 17-1 shows time-base timer intervals suitable for using different main CR clock frequencies to measure different
external clocks.

Table 17-1. Table of Counter Values in Relation to TBTSEL Settings

: Recommended setting

- : The counter value becomes "0" or "255".

Table 17-1 is calculated by the following equation:

2° X 1/F ey TBTSEL=000)
2j X 1/F cy(TBTSEL=001)
27 X 1/F g TBTSEL=010)
2° % 1/Fepy(TBTSEL=011)
2" % 1/F g (TBTSEL=100)
2" X 1/Fepy(TBTSEL=101)
2'° % 1/F ou(TBTSEL=110)
2" % 1/F oy(TBTSEL=111)

x Main/Sub-Oscillation Clock Frequency

+ 1 (Measurement error)

Counter value =
2

*Omit the decimal places of “Counter value”.

Selected time-base
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 Oscillation / Sub oscillation Stabilization Time x 1.05

e.g. Fcy =4 MHz, Fcrpy = 1 MHz, MWT[3:0] = Ob1111 (in WATR register)

2"-2)

e X 1.05~4.3 ms
4 x10

Time-base Timer Interval >

TBCI[3:0] = 060110 (23 x 1/Fcrp)

Notes:
m  See 7.1 Overview for time-base timer interval settings.
m  See 3.3.3 Oscillation Stabilization Wait Time Setting Register (WATR) for main/sub-oscillation stabilization time settings.

257 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



17.3.3
Figure 17-7. Sample Operation Flow Chart of Clock Supervisor

Embedded in Tomorrow
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Sample Operation Flow Chart of Clock Supervisor
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17.4 Registers

This section describes the registers of the clock supervisor counter.
Table 17-2. List of Clock Supervisor Counter Registers

Register .
abbreviation Register name Reference
CMDR Clock monitoring data register 17.4.1
CMCR Clock monitoring control register 17.4.2

17.4.1 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
software can check whether the external clock frequency is correct or not according to the content of this register.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field CMDR7 CMDR®6 CMDR5 CMDR4 CMDR3 CMDR2 CMDR1 CMDRO

Attribute R R R R R R R R

Initial value 0 0 0 0 0 0 0 0

Register Functions
The clock monitoring data register (CMDR) is used to read the counter value after the clock supervisor counter stops.

m The counter value can be read from the clock monitoring data register (CMDR). The software can check whether the
external clock frequency is correct or not according to the counter value read and the time-base timer interval selected.

[bit7:0] CMDR[7:0]: Clock monitoring data bits

These bits indicate the clock supervisor counter value after the counter stops.

These bits are cleared if one of the following events occurs:

m Reset

m  The CMCEN bit in the CMCR register (CMCR:CMCEN) is modified from "0" to "1" by the software.

m  The CMCEN bit is modified from "1" to "0" by the software while the counter is running.

m  After the external clock stops, the falling edge of the selected time-base timer clock is detected twice. (See Figure 17-9.)
Note:

The value of this register is "Ob00000000" as long as the counter is operating (CMCR:CMCEN = 1).
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17.4.2  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.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — — Reserved CMCSEL TBTSEL2 TBTSEL1 TBTSELO CMCEN
Attribute — — W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:6] 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".

[bitd] CMCSEL.: Counter clock select bit

This bit selects the counter source clock.

bit4 Details
Writing "0" Selects the external main oscillation clock as the counter source clock.
Writing "1" Selects the external sub oscillation clock as the counter source clock.

[bit3:1] TBTSEL[2:0]: Time-base timer counter output select bits
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 rising edge of the same output
disables the counter operation.

bit3:1 (Feru: rr?;t:ICI:sR clock)
Writing "000" 23 x 1/Fcru
Writing "001" 25 x 1/Fcry
Writing "010" 27 x 1/Fcru
Writing "011" 2% x 1/Fcru
Writing "100" 2" s 1/Fcry
Writing "101" 23 < 1/Fcry
Writing "110" 2"5 % 1/Fcrpy
Writing "111" 2" x 1/Fcry
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[bit0] CMCEN: Counter enable bit
This bit enables or disables the clock supervisor counter.
Writing "0" to this bit stops the counter and clears the CMDR register to "0b00000000".

Writing "1" to this bit enables the counter. The counter starts counting when detecting the rising edge 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.

bit0 Details
Writing "0" Disables the counter operation.
Writing "1" Enables the counter operation.

Notes:
m Do not modify the CMCSEL bit when the CMCEN bit is "1".
m Do not modify the TBTSEL[2:0] bits when the CMCEN bit is "1".
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17.5 Notes on Using Clock Supervisor Counter

This section provides notes on using the clock supervisor counter.

17.5.1 Notes on Using Clock Supervisor Counter
m Restrictions

1. Operate the clock supervisor counter in main CR clock mode together with the hardware watchdog timer (running in

CYPRESS Clock Supervisor Counter

standby mode). Otherwise, it cannot detect the abnormal state of the external clock correctly and will hang up if the exter-

nal clock stops. See Chapter 8.Hardware / Software Watchdog Timer for the hardware watchdog timer (running in
standby mode).

2. Use main CR clock mode only. Do not use any other clock mode.

3. If the time-base timer stops, the internal counter stops working. Do not clear the time-base timer while the clock supervi-

sor counter is counting with the external clock.

4. Select a time-base timer interval that is sufficiently long for the clock supervisor counter to operate. See Table 17-1. for
time-base timer intervals.

5. Read the CMDR register when CMCEN = 0. (The value of CMDR remains "0b00000000" while the clock supervisor
counter is operating (CMCEN = 1).)
6. 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 17-3 shows the appropriate clock gear setting for each TBTSEL setting.

Table 17-3. Appropriate Clock Gear Setting for Respective TBTSEL Settings

TBTSEL[2:0]
DIV[1:0] 000 001 010 to 111
(clock gear setting)
23 x 1/Fcru $25x 1/Fcgy 27 x 1IFcry to 217 x 1/Fcry

00 (1 x 1/Fcrp) O ) @)
01 (4 x 1/Fgrp) X O ®)
10 (8 x 1/Fcrp) X O O
" (16X1/FCRH) X X @)

O: Recommended

x: Prohibited
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m 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 17-8. Clock Supervisor Counter Operation 1

Selected time-base _I—I—I—I—I—I—
timer interval

...... ot OO (HIHEHEETETE

CMCEN _

Internal counter 0 XXXXXXX 5 X 6

CMDR register 0 |

Main/Sub-oscillation clock

m  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 17-9. Clock Supervisor Counter Operation 2

Selected time-base _I—I—I—I—I—I—
timer interval

...... 11RO

CMCEN

Internal counter 0 XXXXXXX 5 X 0

CMDR register

Main/Sub-oscillation clock
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This chapter describes the functions and operations of the 8/16-bit PPG.
18.1 Overview

18.2 Configuration

18.3 Channel

18.4 Pins

18.5 Interrupt

18.6 Operations and Setting Procedure Example

18.7 Registers

18.8 Notes on Using 8/16-bit PPG

18.1 Overview

The 8/16-bit PPG is an 8-bit reload timer module that uses pulse output control based on timer operation to perform PPG
output. The 8/16-bit PPG also operates in cascade (8 bits + 8 bits) as 16-bit PPG.

18.1.1 Overview of 8/16-bit PPG

The number of pins and that of channels of the 8/16-bit PPG vary among products. For details, refer to the device data
sheet.

In this chapter, “n” in a pin name and a register abbreviation represents the channel number. For details of pin names,
register names and register abbreviations of a product, refer to the device data sheet.

The 8/16-bit PPG functions are summarized as follows.

m 8-bit PPG output independent operation mode

In this mode, the unit can operate as two 8-bit PPG (PPG timer n0 and PPG timer n1).
m 8-bit prescaler + 8-bit PPG output operation mode

The rising and falling edge detection pulses from the PPG timer n1 output can be input to the down counter of the PPG timer
n0 to enable variable-cycle 8-bit PPG output.

m 16-bit PPG output operation mode
The unit can also operate in cascade (PPG timer n1 (upper 8 bits) + PPG timer nO (lower 8 bits)) as 16-bit PPG output.
m  PPG output operation

In this operation, a variable-cycle pulse waveform is output in any duty ratio.
The unit can also be used as a D/A converter in conjunction with an external circuit.

m  Output inversion mode

This mode can invert the PPG output value.
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18.2

Configuration

This section shows the block diagram of the 8/16-bit PPG.

18.2.1

Block Diagram of 8/16-bit PPG

Figure 18-1 shows the block diagram of the 8/16-bit PPG.

Figure 18-1. Block Diagram of 8/16-bit PPG

8/16-bit PPG
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IRQXX

Counter clock selector

The clock for the countdown of 8-bit down counter is selected from eight types of internal count clocks.

m 8-bit down counter

It counts down with the count clock selected with the count clock selector.

m  Comparator circuit

The output is kept “H” level until the value of 8-bit down counter is corresponding to the value of 8/16-bit PPG duty setup
buffer register from the value of 8/16-bit set buffer register of PPG cycle.

Afterwards, after keep “L” level the output until the counter value is corresponding to “1”, it keeps counting 8-bit down
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counter from the value of 8/16-bit PPG cycle setup buffer register.

m  8/16-bit PPG timer n1 control register (PCn1)

The operation condition on the PPG timer n1 side of 8/16-bit PPG timer is set.
m  8/16-bit PPG timer n0 control register (PCn0)

The operation mode of 8/16-bit PPG timer and the operation condition on the PPG timer n0 side are set.
m  8/16-bit PPG timer n1/n0 cycle setup buffer register (PPSn1/PPSn0)

The compare value for the cycle of 8/16-bit PPG timer is set.

m  8/16-bit PPG timer n1/n0 duty setup buffer register (PDSn1/PDSn0)

The compare value for “H” width of 8/16-bit PPG timer is set.

m  8/16-bit PPG start register

The start or the stop of 8/16-bit PPG timer is set.

m  8/16-bit PPG output inversion register

An initial level also includes the output of 8/16-bit PPG timer and it is reversed.

18.2.2  Input Clock

The 8/16-bit PPG uses the output clock from the prescaler as its input clock (count clock).
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18.3 Channel

This section describes the channel of the 8/16-bit PPG.

18.3.1 Channel of 8/16-bit PPG

The 8/16-bit PPG consists of 8-bit PPG timer n0 and 8-bit PPG timer n1. They can be used respectively as two 8-bit PPGs

or as a single 16-bit PPG.

Table 18-1 shows the pins and Table 18-2 the registers.

Table 18-1. Pins of 8/16-bit PPG

Pin name Pin function
PPGNO PPG timer n0 (8-bit PPG (n0), 16-bit PPG)
PPGn1 PPG timer n1 (8-bit PPG (n1), 8-bit prescaler)

Table 18-2. Registers of 8/16-bit PPG

Register abbreviation

Corresponding register (Name in this manual)

PCn1

8/16-bit PPG timer n1 control register

PCn0O 8/16-bit PPG timer n0 control register

PPSn1 8/16-bit PPG timer n1 cycle setup buffer register
PPSn0 8/16-bit PPG timer n0 cycle setup buffer register
PDSn1 8/16-bit PPG timer n1 duty setup buffer register
PDSn0 8/16-bit PPG timer n0 duty setup buffer register
PPGS 8/16-bit PPG start register

REVC 8/16-bit PPG output inversion register

18.4 Pins

This section describes the pins of the 8/16-bit PPG.

18.4.1 Pins of 8/16-bit PPG

m  PPGnO pin and PPGn1 pin

These pins function both as general-purpose I/O ports and 8/16-bit PPG outputs.

PPGnO0, PPGn1: A PPG waveform is output to these pins. The PPG waveform can be output by enabling the output by the

8/16-bit PPG timer n1/n0 control registers (PCn0: POENO = 1, PCn1: POEN1 = 1).
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18.5 Interrupt

The 8/16-bit PPG outputs an interrupt request when a counter borrow is detected.
18.5.1 Interrupt of 8/16-bit PPG
Table 18-3 shows the interrupt control bits and interrupt sources of the 8/16-bit PPG.

Table 18-3. Interrupt Control Bits and Interrupt Sources of 8/16-bit PPG

Description
L PPG timer n1 PPG timer n0
(8-bit PPG, 8-bit prescaler) (8-bit PPG, 16-bit PPG)
Interrupt request flag bit PUF1 bit in PCn1 PUFO bit in PCn0
Interrupt request enable bit PIE1 bit in PCn1 PIEO bit in PCn0
Interrupt source Counter borrow of PPG cycle down counter

When a counter borrow occurs on the down counter, the 8/16-bit PPG sets the counter borrow detection flag bit (PUF) in the
8/16-bit PPG timer n0/n1 control register (PC) to “1”. When the interrupt request enable bit is enabled (PIE = 1), an interrupt
request is output to the interrupt controller.

In 16-bit PPG mode, the 8/16-bit PPG timer nO control register (PCn0) is available.
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18.6 Operations and Setting Procedure Example

This section describes the operations of the 8/16-bit PPG.
The 8/16-bit PPG has the following three operating modes:

m 8-bit PPG independent mode
m  8-bit prescaler + 8-bit PPG mode
m  16-bit PPG mode

18.6.1 8-bit PPG Independent Mode
In this mode, the 8/16-bit PPG operates as two channels (PPG timer n0 and PPG timer n1) of the 8-bit PPG.

18.6.1.1  Setting 8-bit PPG Independent Mode

The 8/16-bit PPG requires the register settings shown in Figure 18-2 to operate in 8-bit PPG independent mode.
Figure 18-2. 8-bit PPG Independent Mode

bit7 bité bits bit4 bit3 bit2 bit1 bit0

PCn1 - - PIE1 PUF1 ?OEN SKS1 CKS11 gKS1
®© © o o o o

PCn0 MD1 MDO PIEO PUFO EOEN SKSO ?KSO OCKSO
0 0 ®© © © o o o

PPSn1 [ PH7 | PH6 | PH5 [ PH4 | PH3 [ PH2 | PH1 [ PHO |
N— SetPPG output cycle for PPG timer n1  ———

PPSn0 [ PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO |
\————— Set PPG output cycle for PPG timer n0 —————

PDSn1 [ DH7 | DH6 | DH5 | DH4 | DH3 [ DH2 | DH1 [ DHO |
N\———— Set PPG output duty for PPG timer n1 ————

PDSn0 [ DL7 | DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO |
N\———— Set PPG output duty for PPG timer n0 ———

PPGS _ } PEN2 PEN2 PEN11 PEN1 PENO PENO
1 0 0 1 0
* * * * * * @ @
REVC _ _ REV2 REV2 REV11 REV1 REVO REVO
1 0 0 1 0
* * * * * ™ @ @
® : Used bit
0 :Setto"0"

* 1 The bit status depends on the number of channels provided.
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18.6.1.2  Operation of 8-bit PPG Independent Mode

m This mode is selected when the operation mode select bits (MD[1:0]) in the 8/16-bit PPG timer n0 control register (PCn0)
are set to “0b00".

m  When the corresponding bit (PEN) in the 8/16-bit PPG start register (PPGS) is set to “1”, the value in the 8/16-bit PPG
cycle setup buffer register (PPS) is loaded to start down-count operation. When the count value reaches “1”, the value in
the cycle setup register is reloaded to repeat the counting.

m  “H”is output to the PPG output synchronizing with the count clock. When the down counter value matches the value in the
8/16-bit PPG timer n1/n0 duty setup buffer register (PDS). After “H” which is the value of duty setting is output, “L” is out-
put to the PPG output.

If, however, the PPG output level reverse bit is set to “1”, the PPG output is set and reset inversely from the above process.
Figure 18-3 shows the operation of the 8-bit PPG independent mode.

Figure 18-3. Operation of 8-bit PPG Independent Mode

o FLFLFLALFLFLALALALALALALALALALAL
(Cycle T)

PEN
(Counter start)

Cycle setting s
(PPs) M
Duty setting
(PDS) =

PPG timer n0O counter value

Downcounter value matches
matches duty setting value

Counter borrow

PPG output source | |

Synchronizing with machine clock

Stop
PPGNO Pin f

(Normal polarity) I

(Reverse polarity) I

o | -
- >
(1)
o ‘ » |
-t -l Ll .
o ()
B T: Count clock cycle
E;; N :WXXE_ m: PPS register value

n: PDS register value

o The value changes depending
on the count clock selected and
the start timing.

Example for setting the duty to 50%
When the PDS register is set to “0x02” with the PPS register set to “0x04”, the PPG output is set at a duty ratio of 50% (half
the value of the PPS register is set to the PDS register).
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18.6.2

8-bit Prescaler + 8-bit PPG Mode

8/16-bit PPG

In this mode, the rising and falling edge detection pulses from the PPG timer n1 output can be used as the count clock of the
PPG timer nO down counter to allow variable-cycle 8-bit PPG output from PPG timer n0.

18.6.2.1

Setting 8-bit Prescaler + 8-bit PPG Mode

The 8/16-bit PPG requires the register settings shown in Figure 18-4 to operate in 8-bit prescaler + 8-bit PPG mode.

Figure 18-4. Setting 8-bit Prescaler + 8-bit PPG Mode

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
PCn1 - - PIE1 PUF1 TOEN EKS1 CKS11 (C))KS1
O] © ©] ©] © ©
PCn0 MD1 MDO PIEO PUFO (F))OEN SKSO 1CKSO (?KSO
0 1 ® ® ® x x x
PPSn1 [ PH7 [ PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO |
N— SetPPG output cycle for PPG timer n1  —
PPSn0 [ PL7 [ PL6 | PLB | PL4 | PL3 | PL2 | PLT | PLO |
\————— Set PPG output cycle for PPG timer n0 ———
PDSn1 [ DH7 | DH6 | DH5 | DH4 | DH3 | DH2 | DH1 | DHO |
\————— Set PPG output duty for PPG timer n1 ————
PDSn0 [ DL7 [ DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO |
\————— Set PPG output duty for PPG timer n0 ———
PEN2 | PEN2 PEN1 PENO | PENO
PPGS | - - ] 0 PEN11| 1 0
* * * * * * @ @
REVC ) ) REV2 | REV2 REV11 REV1 REVO | REVO
1 0 0 1 0
* * * * * * @ @
® : Used bit
0 :Setto"0"
1 :Setto"1"
x : Setting nullified
* . The bit status varies depending of the number of channels implemented

18.6.2.2

Operation of 8-bit Prescaler + 8-bit PPG Mode

m  This mode is selected by setting the operation mode select bits (MD[1:0]) in the 8/16-bit PPG timer nO control register
(PCn0) to “0b01”. This allows PPG timer n1 to be used as an 8-bit prescaler and PPG timer n0 to be used as an 8-bit

PPG.

m  When the PPG timer n1 (ch. n) down counter operation enable bit (PENO1) is set to “1”, the 8-bit prescaler (PPG timer n1)
loads the value in the 8/16-bit PPG timer n1 cycle setup buffer register (PPSn1) and starts down-count operation. When
the value of the down counter matches the value in the 8/16-bit PPG timer n1 duty setup buffer register (PDSn1), the
PPGn1 output is set to “H” synchronizing with the count clock. After “H” which is the value of duty setting is output, the
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PPGn1 output is set to “L”. If the output level reverse signal (REV01) is “0”, the polarity remains the same. If it is “1”, the
polarity is reversed and the signal is output to the PPGn1 pin.

When the PPG timer nO (ch. n) down counter operation enable bit (PENOO) is set to “1”, the 8-bit PPG (PPG timer n0)
loads the value in the 8/16-bit PPG timer nO cycle setup buffer register (PPSn0) and starts down-count operation (count
clock =rising and falling edge detection pulses of PPGn1 output after PPG timer n1 operation is enabled). When the count
value reaches “1”, the value in the PPSnO0 register is reloaded to repeat the counting. When the value of the down counter
matches the value in the 8/16-bit PPG timer nO duty setup buffer register (PDSn0), the PPGnO0 output is set to “H” syn-
chronizing with the count clock. After “H” which is the value of duty setting is output, the PPGn0 output is reset to “L”. If the
output level reverse bit (REV00) is “0”, the polarity remains the same. If it is “1”, the polarity is reversed and the signal is
output to the PPGnO pin.

Set that the duty of the 8-bit prescaler (PPG timer n1) output to 50%.
When PPG timer n0 is started with the 8-bit prescaler (PPG timer n1) being stopped, PPG timer n0 does not count.

When the duty of the 8-bit prescaler (PPG timer n1) is set to 0% or 100%, PPG timer n0 does not perform counting as the
8-bit prescaler (PPG timer n1) output does not toggle.

Figure 18-5 shows the operation of 8-bit prescaler + 8-bit PPG mode.

Figure 18-5. Operation of 8-bit Prescaler + 8-bit PPG Mode
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(3) =(1)xno m1: PPSn1 register value PPGn1 output (ch. n) waveform and the
(4) = (1) xmo n1: PDSn1 register value PENOO start timing.
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18.6.3

16-bit PPG Mode

8/16-bit PPG

In this mode, the 8/16-bit PPG can operate as a 16-bit PPG when PPG timer n1 and PPG timer n0O are assigned to the

upper and lower bits respectively.

18.6.3.1  Setting 16-bit PPG Mode

The 8/16-bit PPG requires the register settings shown in Figure 18-6 to operate in 16-bit PPG mode.

Figure 18-6. Setting 16-bit PPG Mode

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
PCn1 - - PIE1 PUF1 ?OEN SKS1 CKS11 gKS1
©] ©] O] © ©] ©]
PCn0 MD1 MDO PIEO PUFO EOEN SKSO ?KSO OCKSO
0 0/1 ©] O] O] © ©] O]
PPSn1 [ PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO |
\——Set PPG output cycle (Upper 8 bits) for PPG timer n1 —
PPSn0 [ PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PLT | PLO |
\—— Set PPG output cycle (Lower 8 bits) for PPG timer n0 ——”
PDSn1 [ DH7 | DH6 | DH5 | DH4 | DH3 | DH2 | DH1 | DHO |
\——Set PPG output duty (Upper 8 bits) for PPG timer n1——"
PDSn0 [ DL7 | DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO |
\———Set PPG output duty (Lower 8 bits) for PPG timer n0——"
PEN2 | PEN2 PENA1 PENO | PENO
PPGS - - 1 0 PEN11 0 1 0
* * * * * * X @
REVC ) ) REV2 | REV2 REV11 REV1 REVO | REVO
1 0 0 1 0
* * * * * * X @
® : Used bit
0 :Setto"0"
1 :Setto"1"
x : Setting nullified
* 1 The bit status changes depending on the number of channels implemented.

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A

274



8/16-bit PPG

Embedded in Tomorrow™

18.6.3.2  Operation of 16-bit PPG Mode

This mode is selected by setting the operation mode select bits (MD[1:0]) in the PPG timer n0 control register (PCn0) to
“0Ob10” or “Ob11”.

When the PPG timer nO (ch. n) down counter operation enable bit (PENOO) is set to “1” in 16-bit PPG mode, the 8-bit
down counters (PPG timer n0) and 8-bit down counter (PPG timer n1) load the values in the 8/16-bit PPG timer n1/n0
cycle setup buffer registers (PPSn1 for PPG timer n1 and PPSn0 for PPG timer n0) and start down-count operation. When
the count value reaches “1”, the values in the cycle setup register are reloaded and the counters repeat the counting.

When the values of the down counters match the values in the 8/16-bit PPG timer duty setup buffer registers (both the
value in PDSn1 for PPG timer n1 and the value in PDSnO0 for PPG timer n0), the PPGnO pin is set to “H” synchronizing
with the count clock. After “H” which is the value of duty setting is output, the PPGnO pin is set to “L”. If the output level
reverse bit (REV00) is “0”, the signal is output to the PPGnO0 pin with the polarity unchanged. If it is set to “1”, the polarity
is reversed and the signal is output to the PPGn0 pin.

Figure 18-7 shows the operation of 16-bit PPG mode.

Figure 18-7. Operation of 16-bit PPG Mode

Count clock f f 9 f ﬂ i r
(Cycle T)

PENOO

Cycle setup
(PPSn1 and PPSn0) M=256

Duty setup
(PDSn1 and PDSn0) __"=2

Counter value 256

Downcounter value matches
matches duty setting value

F
|

Counter borrow

PPG output source

Synchronizing with
PPGnO machine clock

(Normal polarity)
(Reverse polarity) I—

-t p L
- - LI
o @)
(1)=nxT T: Count clock cycle
(@ =mxT m: PPSn1 & PPSn0

n: PDSn1 & PDSn0
o: The value changes depending on the count
clock selected and the start timing.
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18.6.3.3  Setting Procedure Example

Below is an example of procedure for setting the 8/16-bit PPG ch. n.

Initial setup

|
1. Set the port output. (DDR)

2. Set the interrupt level. (ILR¥)

3. Select the operating clock, enable the output and interrupt. (PCn1)

4. Select the operating clock, enable the output and interrupt, select the operation mode. (PCn0)
5. Setthe cycle. (PPS)

6. Set the duty. (PDS)

7. Set the 8/16-bit PPG output reverse register. (REVC)

8. Start the 8/16-bit PPG. (PPGS)

*: For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and “ Interrupt Source Table" in the device data
sheet.

m Interrupt processing

1. Process any interrupt.
2. Clear the interrupt request flag. (PCn1:PUF1, PCn0:PUFO0)
3. Start the 8/16-bit PPG. (PPGS)
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18.7

Registers

This section describes the registers of the 8/16-bit PPG.
Table 18-4. List of 8/16-bit PPG Registers

Embedded in Tomorrow™

Register abbreviation Register name Reference
PCn1 8/16-bit PPG timer n1 control register 18.7.1
PCn0 8/16-bit PPG timer n0 control register 18.7.2
PPSn1 8/16-bit PPG timer n1 cycle setting buffer register 18.7.3
PPSn0 8/16-bit PPG timer n0 cycle setting buffer register 18.7.3
PDSn1 8/16-bit PPG timer n1 duty setting buffer register 18.7.4
PDSNO0 8/16-bit PPG timer n0 duty setting buffer register 18.7.4
PPGS 8/16-bit PPG start register 18.7.5
REVC 8/16-bit PPG output reverse register 18.7.6
18.7.1 8/16-bit PPG timer n1 Control Register (PCn1)
The 8/16-bit PPG timer n1 control register (PCn1) sets the operating conditions for PPG timer n1.
Register Configuration
bit 7 6 5 4 3 2 1 0
Field — — PIE1 PUF1 POEN1 CKS12 CKS11 CKS10
Attribute — — R/W R/W R/W R/W R/W R/IW
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7:6] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation,

[bit5] PIE1: Interrupt request enable bit

This bit controls interrupts of PPG timer n1.

The bit outputs an interrupt request (IRQ) when the counter borrow detection bit (PUF1) and the PIE1 bit are both set to "1".

bit5 Details
Writing "0" Disables the PPG timer n1 interrupt.
Writing "1" Enables the PPG timer n1 interrupt.

[bit4] PUF1: Counter borrow detection flag bit for PPG cycle downcounter

This bit serves as the counter borrow detection flag for the PPG cycle downcounter of the PPG timer n1.

This bit is set to "1" when a counter borrow occurs in 8-bit PPG independent mode or 8-bit prescaler + 8-bit PPG mode.

In 16-bit PPG mode, this bit is not set to "1" even when a counter borrow occurs.

Writing "1" to this bit has no effect on operation. Writing "0" to this bit clears it.

When read by the read-

modify-write (RMW) type of instruction, this bit always returns "1".

bit4 Details
Reading "0" Indicates that no counter borrow of PPG timer n1 has been detected.
Reading "1" Indicates that a counter borrow of PPG timer n1 has been detected.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.
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[bit3] POEN1: Output enable bit
This bit enables or disables the PPG timer n1 pin output.

Setting this bit to "1" in 16-bit PPG mode sets the PPG timer n1 pin as an output pin. (The setting value of REV01 is output.

"L" output is supplied when REV01 is "0".)

bit3 Details
Writing "0" The PPG timer n1 pin functions as a general-purpose I/O port.
Writing "1" The PPG timer n1 pin functions as a PPG output pin.

[bit2:0] CKS1[2:0]: Operating clock select bits

These bits select the operating clock for 8-bit down counter of the PPG timer n1.

The operating clock is generated from the prescaler. For details, see 3.9 Operation of Prescaler.

In 16-bit PPG mode, the settings of these bits have no effect on the operation.

Details
bit2:0 (MCLK: machine clock, Fcy: main clock,
Fcrnu: main CR clock, FycrpLL: main CR PLL clock)

Writing "000" 1 MCLK

Writing "001" MCLK/2

Writing "010" MCLK/4

Writing "011" MCLK/8

Writing "100" MCLK/16

Writing "101" MCLK/32

Writing "110" Fon/2” or Forp/28 or Fycrpr /28

Writing "111" Fen/28 or Ferp/2” or FycrpLr/2”

Note:

In sub clock mode or sub-CR clock mode, since the time-base timer stops operating, setting CKS1[2:0] to "0b110" or

"0b111" is prohibited.
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18.7.2  8/16-bit PPG timer n0 Control Register (PCn0)
The 8/16-bit PPG timer n0 control register (PCn0) sets the operating conditions and the operation mode for PPG timer n0.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field MD1 MDO PIEO PUFO POENO CKS02 CKSO01 CKS00
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Register Functions
[bit7:6] MD[1:0]: Operating mode bits
These bits select the PPG operation mode.
Do not modify the settings of these bits during counting.
bit7:6 Details
Writing "00" 8-bit PPG independent mode
Writing "01" 8-bit prescaler + 8-bit PPG mode
Writing "10" .
Writing 11" 16-bit PPG mode

[bit5] PIEO: Interrupt request enable bit

This bit controls interrupts of PPG timer n0.

In 16-bit PPG mode, use this bit to control the interrupt request of the 8/16-bit PPG.

The bit outputs an interrupt request (IRQ) when the counter borrow detection bit (PUF0) and the PIEO bit are both set to "1".

bit5 Details
Writing "0"
Writing "1"

Disables the PPG timer n0 interrupt.

Enables the PPG timer n0 interrupt.

[bit4] PUF0: Counter borrow detection flag bit for PPG cycle down counter

This bit serves as the counter borrow detection flag for the PPG cycle down counter of the PPG timer n0.

In 16-bit PPG mode, only this bit is effective and the PUF1 bit in the PCn1 register has no effect on operation.
Note:

In 8-bit PPG independent mode or 8-bit prescaler + 8-bit PPG mode, counter borrow detection is always enabled.
Writing "1" to this bit has no effect on operation. Writing "0" to this bit clears it.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit4 Details
Reading "0" Indicates that no counter borrow of PPG timer nO has been detected.
Reading "1" Indicates that a counter borrow of PPG timer n0 has been detected.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.
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[bit3] POENO: Output enable bit
This bit enables or disables the PPG timer n0 pin output.
In 16-bit PPG mode, since the 8/16-bit PPG outputs pulse wave through the PPG timer n0 pin, this bit controls the 8/16-bit

8/16-bit PPG

PPG output.
bit3 Details
Writing "0" The PPG timer n0 pin functions as a general-purpose I/O port.
Writing "1" The PPG timer n0 pin functions as a PPG output pin.

[bit2:0] CKS0[2:0]: Operating clock select bits

These bits select the operating clock for 8-bit down counter of the PPG timer n0.

The operating clock is generated from the prescaler. For details, see 3.9 Operation of Prescaler.

In 8-bit prescaler + 8-bit PPG mode, the rising and falling edge detection pulses from the PPG timer n1 output are used as

the count clock for PPG timer n0. Therefore, the settings of these bits have no effect on operation.

In 16-bit PPG mode, use these bits to select the operating clock.

Details
bit2:0 (MCLK: machine clock, Fcy: main clock,
Fcru: main CR clock, FycrpLL: main CR PLL clock)

Writing "000" 1 MCLK

Writing "001" MCLK/2

Writing "010" MCLK/4

Writing "011" MCLK/8

Writing "100" MCLK/16

Writing "101" MCLK/32

Writing "110" Fen/27 or Ferp/28 or Fycrpr1/2°

Writing "111" Fon/28 or Forp/2” or Fycrprl /27

Note:

In sub clock mode or sub-CR clock mode, since the time-base timer stops operating, setting CKS0[2:0] to "0b110" or

"Ob111" is prohibited.
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18.7.3  8/16-bit PPG timer n1/n0 Cycle Setup Buffer Register (PPSn1/PPSn0)
The 8/16-bit PPG timer n1/n0 cycle setup buffer register (PPSn1/PPSn0) sets the PPG output cycle.

Register Configuration

PPSn1
bit 7 6 5 4 3 2 1 0
Field PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
PPSn0
bit 7 6 5 4 3 2 1 0
Field PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 1 1 1 1 1 1 1 1

Register Functions
The PPSn1 and PPSnO registers set the PPG output cycle.

m In 16-bit PPG mode, PPSn1 serves as the upper 8 bits, while PPSn0 serves as the lower 8 bits.

m In 16-bit PPG mode, write the upper bits before the lower bits. When only the upper bits are written, the previously written
value is reused in the next load.

8-bit mode: Cycle = max. 255 (0xFF) x Input clock cycle
16-bit mode: Cycle = max. 65535 (OxFFFF) x Input clock cycle

PPSn1 and PPSnO0 are initialized upon reset.

Do not set the cycle to "0x00" or "0x01" when using the unit in 8-bit PPG independent mode or 8-bit prescaler mode + 8-
bit PPG mode.

Do not set the cycle to "0x0000" or "0x0001" when using the unit in 16-bit PPG mode.

If the cycle settings are modified during the operation, the modified settings will be effective from the next PPG cycle.
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18.7.4  8/16-bit PPG timer n1/n0 Duty Setup Buffer Register (PDSn1/PDSn0)
The 8/16-bit PPG timer n1/n0 duty setup buffer register (PDSn1/PDSn0) sets the duty of the PPG output.

Register Configuration

PDSn1
bit 7 6 5 4 3 2 1 0
Field DH7 DH6 DH5 DH4 DH3 DH2 DHA1 DHO
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 1 1 1 1 1 1 1 1
PDSNnO
bit 7 6 5 4 3 2 1 0
Field DL7 DL6 DL5 DL4 DL3 DL2 DL1 DLO
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW

Initial value 1 1 1 1 1 1 1 1

Register Functions
The PDSn1 and PDSnO registers set the duty of the PPG output ("H" pulse width when normal polarity).

m In 16-bit PPG mode, PDSn1 serves as the upper 8 bits while PDSn0 serves as the lower 8 bits.

m In 16-bit PPG mode, write the upper bits before the lower bits. When only the upper bits are written, the previously written
value is reused in the next load. Writing data to PDSn0 also updates PDSn1 at the same time.

m PDSn1 and PDSnO0 are initialized upon reset.

m  To set the duty to 0%, select "0x00".

m  To set the duty to 100%, set it to the same value as the 8/16-bit PPG timer n1/n0 cycle setup register (PPSn0, PPSn1).

m When the 8/16-bit PPG timer n0/n1 duty setup register (PDS) is set to a larger value than the setting value of the 8/16-bit
PPG cycle setup buffer register (PPS), the PPG output becomes "L" output in the normal polarity (when the output level
inversion bit of 8/16-bit PPG output inversion register is "0").

m If the duty settings are modified during operation, the modified value will be effective from the next PPG cycle.
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18.7.5  8/16-bit PPG Start Register (PPGS)

The 8/16-bit PPG start register (PPGS) starts or stops the down counter. The operation enable bit of each channel is
assigned to the PPGS register, allowing simultaneous activation of the PPG channels.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — — PEN21* PEN20* PEN11* PEN10* PENO1 PENOO
Attribute — — R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

*:  Since the number of channels of the 8/16-bit PPG varies among products, these bits may become undefined bits on certain

products. For details, refer to the device data sheet.

Register Functions

[bit7:6] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation.

[bit5] PEN21: PPG timer 21 (ch. 2) down counter operation enable bit
This bit enables or stops the down counter operation of PPG timer 21 (ch. 2).

bit5 Details
Writing "0" Stops the down counter operation of PPG timer 21 (ch. 2).
Writing "1" Enables the down counter operation of PPG timer 21 (ch. 2).

[bit4] PEN20: PPG timer 20 (ch. 2) down counter operation enable bit

This bit enables or stops the down counter operation of PPG timer 20 (ch. 2).

bit4 Details
Writing "0" Stops the down counter operation of PPG timer 20 (ch. 2).
Writing "1" Enables the down counter operation of PPG timer 20 (ch. 2).

[bit3] PEN11: PPG timer 11 (ch. 1) down counter operation enable bit

This bit enables or stops the down counter operation of PPG timer 11 (ch. 1).

bit3 Details
Writing "0" Stops the discounter operation of PPG timer 11 (ch. 1).
Writing "1" Enables the down counter operation of PPG timer 11 (ch. 1).

[bit2] PEN10: PPG timer 10 (ch. 1) down counter operation enable bit

This bit enables or stops the down counter operation of PPG timer 10 (ch. 1).

bit2 Details
Writing “0” Stops the down counter operation of PPG timer 10 (ch. 1).
Writing “1” Enables the down counter operation of PPG timer 10 (ch. 1).
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[bit1] PENO1: PPG timer 01 (ch. 0) down counter operation enable bit

This bit enables or stops the down counter operation of PPG timer 01 (ch. 0).

bit1 Details
Writing “0” Stops the down counter operation of PPG timer 01 (ch. 0).
Writing “1” Enables the down counter operation of PPG timer 01 (ch. 0).

[bit0] PENO0O: PPG timer 00 (ch. 0) down counter operation enable bit

This bit enables or stops the down counter operation of PPG timer 00 (ch. 0).

bit0 Details
Writing “0” Stops the down counter operation of PPG timer 00 (ch. 0).
Writing “1” Enables the down counter operation of PPG timer 00 (ch. 0).
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18.7.6

Register Configuration

8/16-bit PPG Output Reverse Register (REVC)
The 8/16-bit PPG output reverse register (REVC) reverses the PPG output including the initial level.

——¢ CYPRESS
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bit 7 6 5 4 3 2 1 0
Field — — REV21* REV20* REV11* REV10* REV01 REV00
Attribute — — R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

*:  Since the number of channels of the 8/16-bit PPG varies among products, these bits may become undefined bits on certain

products. For details, refer to the device data sheet.

Register Functions
[bit7:6] Undefined bits

Their read values are always “0”. Writing values to these bits has no effect on operation.

[bit5] REV21: PPG timer 21 (ch. 2) output level reverse bit
This bit selects the output level of PPG timer 21 (ch. 2).

bit5 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.

[bit4] REV20: PPG timer 20 (ch. 2) output level reverse bit
This bit selects the output level of PPG timer 20 (ch. 2).

bit4 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.

[bit3] REV11: PPG timer 11 (ch. 1) output level reverse bit
This bit selects the output level of PPG timer 11 (ch. 1).

bit3 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.

[bit2] REV10: PPG timer 10 (ch. 1) output level reverse bit
This bit selects the output level of PPG timer 10 (ch. 1).

bit2 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.

[bit1] REVO01: PPG timer 01 (ch. 0) output level reverse bit
This bit selects the output level of PPG timer 01 (ch. 0).

bit1 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.
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[bit0] REVO00: PPG timer 00 (ch. 0) output level reverse bit

This bit selects the output level of PPG timer 00 (ch. 0).

bit0 Details
Writing “0” Selects normal polarity.
Writing “1” Selects reverse polarity.

18.8 Notes on Using 8/16-bit PPG

This section provides notes on using the 8/16-bit PPG.

18.8.1 Notes on Using 8/16-bit PPG

m Note on operation

8/16-bit PPG

Depending on the timing between the activation of PPG and count clock, an error may occur in the first cycle of the PPG
output immediately after the activation. The error varies depending on the count clock selected. The output, however, is
performed properly in the succeeding cycles.

m  Note on interrupts

A PPG interrupt is generated when the interrupt enable bit (PIE1/PIEQ) is set to “1” and the interrupt request flag bit (PUF1/
PUFO) in the 8/16-bit PPG timer n1/n0 control register (PCn1/PCn0) is also set to “1”. Always clear the interrupt request flag

bit (PUF1/PUFO) to “0” in the interrupt service routine.
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This chapter describes the functions and operations of the 16-bit PPG timer.
19.1 Overview

19.2 Configuration

19.3 Channel

19.4 Pins

19.5 Interrupts

19.6 Operations and Setting Procedure Example

19.7 Registers

19.8 Notes on Using 16-bit PPG Timer

19.1 Overview

The 16-bit PPG timer can generate a PWM (Pulse Width Modulation) output or one-shot (square wave) output, and the
period and duty of the output waveform can be changed by software freely. The timer can also generate an interrupt when a
start trigger occurs or on the rising or falling edge of the output waveform.

19.1.1 16-bit PPG Timer

The 16-bit PPG timer can output the PWM output and the one shot. The output wave form can be reversed by setting the
register (Normal polarity <> Inverted polarity).

Output waveform
PWM waveform
Normal polarity _I—I
Inverted polarity -

One-shot waveform >§

Normal polarity

Inverted polarity 4L|—|
I

H

m  The count operation clock can be selected from 12 different clock sources (MCLK, MCLK/2, MCLK/4, MCLK/8, MCLK/16,
MCLK/32, Fop/27, Fep/28, Forn/28, Fern/2”, FucreLl/28 o FycreLr/2”). (MCLK: machine clock, Foy: main clock, Fegp:
main CR clock, FypicrpLL: main CR PLL clock)

m Interrupt can be selectively triggered by the following four conditions:

o Occurrence of a start trigger in the PPG timer

a  Occurrence of a counter borrow in the 16-bit down counter (cycle match).

a Rising edge of PPG in normal polarity or falling edge of PPG in inverted polarity

a  Counter borrow, rising edge of PPG in normal polarity, or falling edge of PPG in inverted polarity
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Configuration

This section describes the configuration of the 16-bit PPG timer.
The number of pins and that of channels of the 16-bit PPG vary among products. For details, refer to the device data sheet.

In this chapter, "n" represents the channel number. For details of pin names, register names and register abbreviations of a
product, refer to the device data sheet.

19.2.1
Figure 19-1. Block Diagram of 16-bit PPG Timer

Block Diagram of 16-bit PPG Timer

16-bit PPG Timer
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m  Count clock selector

The clock for the countdown of 16-bit down counter is selected from eight types of internal count clocks.

16 bit down counter

It counts down with the count clock selected with the count clock selector.

m  Comparator circuit

The output is kept "H" until the value of 16-bit down counter is corresponding to the value of the 16-bit PPG duty setting
buffer register from the value of 16-bit PPG cycle setting buffer register.
Afterwards, after keep "L" the output until the counter value is corresponding to "1", it keeps counting 16-bit down counter
from the value of 16-bit PPG cycle setting buffer register.

The value of 16-bit down counter of 16-bit PPG timer is read.

16-bit PPG down counter register (upper/lower) ch. n (PDCRHn/PDCRLnN)

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A

288


http://www.cypress.com/documentation/datasheets/mb95630h-series-new-8fx-8-bit-microcontrollers?keywords=MB95630H%20Series%20datashetet

=
4 CYPRESS

Embedded in Tomorrow™

e

16-bit PPG Timer

m 16-bit PPG cycle setting buffer register (upper/lower) ch. n (PCSRHn/PCSRLn)
The compare value for the cycle of 16-bit PPG timer is set.

m  16-bit PPG duty setting buffer register (upper/lower) ch. n (PDUTHn/PDUTLN)
The compare value for "H" width of 16-bit PPG timer is set.

m  16-bit PPG status control register (upper/lower) ch. n (PCNTHn/PCNTLn)

The operation mode and the operation condition of 16-bit PPG timer are set.

19.2.2 Input Clock

The 16-bit PPG timer uses the output clock from the prescaler as its input clock (count clock).
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19.3 Channel

This section describes the channel of the 16-bit PPG timer.

19.3.1 Channel of 16-bit PPG Timer

Table 19-1 and Table 19-2 show the pins and registers on a channel of the 16-bit PPG timer respectively.

Table 19-1. Pins of 16-bit PPG Timer

Pin name

Pin function

PPGn

16-bit PPG timer PPGn output

TRGn

Trigger n input

Table 19-2. Registers of 16-bit PPG Timer

Register abbreviation Corresponding register (Name in this manual)
PDCRHn 16-bit PPG down counter register (upper) ch. n
PDCRLnN 16-bit PPG down counter register (lower) ch. n
PCSRHn 16-bit PPG cycle setting buffer register (upper) ch. n
PCSRLn 16-bit PPG cycle setting buffer register (lower) ch. n
PDUTHnN 16-bit PPG duty setting buffer register (upper) ch. n
PDUTLnN 16-bit PPG duty setting buffer register (lower) ch. n
PCNTHn 16-bit PPG status control register (upper) ch. n
PCNTLn 16-bit PPG status control register (lower) ch. n
19.4 Pins

This section describes the pins of the 16-bit PPG timer.

19.41 Pins of 16-bit PPG Timer
The pins of the 16-bit PPG timer are the PPGn pin and TRGn pin.

m  PPGn pin

This pin serves as a general-purpose I/O port as well as a 16-bit PPG timer output.
PPGn:A PPG waveform is output to this pin. The PPG waveform can be output by using the 16-bit PPG status control
register to enable output (PCNTLNn:POEN=1).

m TRGn pin

TRGn:Used to start the 16-bit PPG timer by the hardware trigger.
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19.5 Interrupts

The 16-bit PPG timer can generate interrupt requests in the following cases:

m  When a trigger or counter borrow occurs

m  When a rising edge of PPG is generated in normal polarity

m  When a falling edge of PPG is generated in inverted polarity

The interrupt operation is controlled by the IRS[1:0] bits in the PCNTLn register.

19.5.1 Interrupts of 16-bit PPG Timer

Table 19-3 shows interrupt control bits and interrupt sources of the 16-bit PPG timer.

Table 19-3. Interrupt Control Bits and Interrupt Sources of 16-bit PPG Timer

ltem Description
Interrupt flag bit PCNTLn:IRQF
Interrupt request enable bit PCNTLN:IREN
Interrupt type select bits PCNTLN:IRS[1:0]

PCNTLnN:IRS[1:0] = 0b00
Hardware trigger by TRGn pin input of 16-bit down counter, software trigger and
retrigger

PCNTLnN:IRS[1:0] = 0b01
Counter borrow of 16-bit down counter

Interrupt sources PCNTLR:IRS[1:0] = 0b10
Rising edge of PPGn output in normal polarity, or falling edge of PPGn output in
inverted polarity

PCNTLN:IRS[1:0] = 0b11
Counter borrow of 16-bit down counter, rising edge of PPGn output in normal
polarity, or falling edge of PPGn output in inverted polarity

When the IRQF bit in the 16-bit PPG status control register (PCNTLn) is set to "1" and interrupt requests are enabled
(PCNTLn:IREN = 1) in the 16-bit PPG timer, an interrupt request is generated and output to the controller.
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19.6 Operations and Setting Procedure Example

The 16-bit PPG timer can operate in PWM mode or one-shot mode. In addition, a retrigger function can be used in the 16-bit
PPG timer.

19.6.1 PWM Mode (MDSE Bit in PCNTHn Register = 0)

In PWM mode, the 16-bit PPG cycle setting buffer register ch. n (PCSRHn, PCSRLn) values are loaded and the 16-bit
downcounter starts down-count operation when a software trigger is input or a hardware trigger by TRGn pin input is input.
When the count value reaches "1", the 16-bit PPG cycle setting buffer register ch. n (PCSRHn, PCSRLn) values are
reloaded to repeat the down-count operation.

The initial state of the PPG output is "L". When the 16-bit downcounter value matches the value set in the duty setting
registers, the output changes to "H" synchronizing with count clock. The output changes back to "L" when the "H" was output
until the value of duty setting. (The output levels will be reversed if OSEL is set to "1".)

When the retrigger function is disabled (RTRG = 0), software triggers (STRG = 1) are ignored during the operation of the
downcounter.

When the downcounter is not running, the maximum time between a valid trigger input occurring and the downcounter
starting is as follows.

Software trigger: 1 count clock cycle + 2 machine clock cycles

Hardware trigger by TRGn pin input: 1 count clock cycle + 3 machine clock cycles

The minimum time is as follows.

Software trigger: 2 machine clock cycles

Hardware trigger by TRGn pin input: 3 machine clock cycles

When the downcounter is running, the maximum time between a valid retrigger input occurring and the downcounter
restarting is as follows.

Software trigger: 1 count clock cycle + 2 machine clock cycles

Hardware trigger by TRGn pin input:1 count clock cycle + 3 machine clock cycles

The minimum time is as follows.

Software trigger: 2 machine clock cycles

Hardware trigger by TRGn pin input: 3 machine clock cycles

m Invalidating the retrigger (RTRG bit in PCNTHn register = 0)
Figure 19-2. When Retrigger Is Invalid in PWM Mode

16-bit downcounter value

» Time

! '/Trigger ignor‘ed
N P e IO I I
PPG : [ I I I I B
(Inverted polarity) ! -

Rising gdge detectpd | ‘

PPG
(Normal polarity)

Software trigger |_|

T : Count clock cycle
o)= T m: Value of PCSRH & PCSRL registers
(2)=m xTns n : Value of PDUTH & PDUTL registers
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m Validating the retrigger (RTRG bit in PCNTHn register = 1)
Figure 19-3. When Retrigger Is Valid in PWM Mode

Counter value
i
Mm--fb-ceceo—- K
i
N--fo-mmom- L i e e B e
i i
0 — - : t » Time
| 1 Rising egge detected !
'./ : i . Restarted by trigger
Software trigL'—l ! % :
PPG : I_l .' :
(Normal polarity) i I I
PPG L ' |
(Inverted polarity) | l 4l_|—
i NG I
i T i
3 2)
I I
I I
(1)=nxTns T : Count clock cycle
(2)=m x T ns m: Value of PCSRH & PCSRL registers
n : Value of PDUTH & PDUTL registers
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19.6.2  One-shot Mode (MDSE Bit in PCNTHn Register = 1)

One-shot operation mode can be used to output a single pulse with a specified width when a valid trigger input occurs.
When retriggering is enabled and a valid trigger is detected during the counter operation, the downcounter value is reloaded.

The initial state of the PPGn output is "L". When the 16-bit downcounter value matches the value set in the duty setting
registers, the output changes to "H". The output changes back to "L" when the counter reaches "1". (The output levels will be
reversed if OSEL is set to "1".)

m Invalidating the retrigger (RTRG bit in PCNTHn register = 0)
Figure 19-4. When Retrigger Is Invalid in One-shot Mode

Counter value
:
|
m-d- -
n - —TTmmmmm s |_ ________________________________________________________
i :
0 - ; . » Time
| 1 ,Rising edge detected
;/ : i Trigger ignored
. |
Software trigger ] | IA/—:—l/
I
PPG ' | '
(Normal polarity) E I |
PPG ! '
(Inverted polarity) ! |I ,
| ——
| ) .
I I
T : Count clock cycle
(1)=nxTns m: Value of PCSRH & PCSRL registers
(2)=mxTns n : Value of PDUTH & PDUTL registers
m Validating the retrigger (RTRG bit in PCNTHn register = 1)
Figure 19-5. When Retrigger Is Valid in One-shot Mode
Counter value
| i | ! |
m-d-———————_ L R NP . de e
1 ! 1
1 ! 1
n-4--------- e L] R o ------- B
| I !
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i Rising edge detected i
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(1)=nxTns m: Value of PCSRH & PCSRL registers
(2)=mxTns n : Value of PDUTH & PDUTL registers
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"Hardware trigger" refers to PPG activation by signal input to the TRGn input pin. When EGS1 and EGSO0 are set to "0b11"
and the hardware trigger is used with TRGn input, PPG starts operation on a rising edge and halts the operation upon the

detection of a falling edge.

Moreover, the PPG timer begins operation of the following rising edge from the beginning.
The operation can be retriggered by a valid TRGn input hardware trigger regardless of the retrigger setting of the RTRG bit

when the TRGn input hardware trigger has been selected.

Figure 19-6. Hardware Trigger in PWM Mode

Counter value

» Time

I
I
| :
i Rising edge detected

J

aII|ng edge detected

I I

I I

Hardware trigger f X ’
PPG — | |
(Normal polarity)

L ——

PPG

(Inverted polarity)

@)
(1)=nxTns
(2)=m xT ns

L1

T : Count clock cycle
m: Value of PCSRH & PCSRL registers
n : Value of PDUTH & PDUTL registers

19.6.4  Setting Procedure Example

Below is an example of procedure for setting the 16-bit PPG timer.

m Initial setup
1. Set the interrupt level. (ILR*)

Set the cycle. (PCSRHn, PCSRLN)
Set the duty. (PDUTHnN, PDUTLN)

ro o s W N

Enable the hardware trigger and interrupts, select the interrupt type, and enable output. (PCNTLn)
Select the count clock and the mode, and enable timer operation. (PCNTHn)

Start the PPG by the software trigger. (PCNTHNn:STRG = 1)

* For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and “Interrupt Source Table" in the device data sheet.

m Interrupt processing

1. Process any interrupt.
2. Clear the interrupt request flag. (PCNTLn:IRQF)
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19.7 Registers

This section describes the registers of the 16-bit PPG timer.
Table 19-4. List of 16-bit PPG Timer Registers

Register abbreviation Register name Reference
PDCRHn 16-bit PPG down counter register (upper) ch. n 19.71
PDCRLnN 16-bit PPG down counter register (lower) ch. n 19.7.1
PCSRHn 16-bit PPG cycle setting buffer register (upper) ch. n 19.7.2
PCSRLn 16-bit PPG cycle setting buffer register (lower) ch. n 19.7.2
PDUTHnN 16-bit PPG duty setting buffer register (upper) ch. n 19.7.3
PDUTLnN 16-bit PPG duty setting buffer register (lower) ch. n 19.7.3
PCNTHNn 16-bit PPG status control register (upper) ch. n 19.7.4
PCNTLn 16-bit PPG status control register (lower) ch. n 19.7.5

19.7.1 16-bit PPG Down Counter Register (Upper/Lower) ch. n (PDCRHn/PDCRLnN)

The 16-bit PPG downcounter register (upper) ch. n (PDCRHn) and the 16-bit PPG downcounter register (lower) ch. n
(PDCRLn) form a 16-bit register that is used to read the count value from the 16-bit PPG downcounter.

Register Configuration

PDCRHn
bit 7 6 5 4 3 2 1 0
Field DC15 DC14 DC13 DC12 DC11 DC10 DC09 DC08
Attribute R R R R R R R R
Initial value 0 0 0 0 0 0 0 0
PDCRLn
bit 7 6 5 4 3 2 1 0
Field DCO07 DC06 DCO05 DC04 DC03 DC02 DCO1 DC00
Attribute R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

Register Functions
These registers form a 16-bit register that is used to read the count value from the 16-bit downcounter. The initial values of
the register are all "0".

Always use one of the following procedures to read from this register.
m  Use the "MOVW" instruction (use a 16-bit access instruction to read the PDCRHn register address).

m  Use the "MOV" instruction and read PDCRHn first and then PDCRLn (reading PDCRHn automatically copies the lower 8
bits of the down counter to PDCRLn).

This register is read-only and writing a value to this register has no effect on the operation.
Note:

If you use the "MOV" instruction and read PDCRLn before PDCRHn, PDCRLn returns the value from the previous valid read
operation. Therefore, the value of the 16-bit downcounter cannot be read correctly.
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19.7.2  16-bit PPG Cycle Setting Buffer Register (Upper/ Lower) ch. n (PCSRHn/PCSRLn)
The 16-bit PPG cycle setting buffer registers ch. n are used to set the cycle for the output pulses generated by the PPG.

Register Configuration

PCSRHn
bit 7 6 5 4 3 2 1 0
Field CS15 CS14 CSs13 CS12 CS11 CS10 CS09 CSso08
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
PCSRLn
bit 7 6 5 4 3 2 1 0
Field CS07 CS06 CS05 CS04 CSs03 CS02 CS01 CSs00
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

Register Functions

These registers form a 16-bit register which sets the period for the output pulses generated by the PPG. The values set in
these registers are loaded to the downcounter.

When writing to these registers, always use one of the following procedures.

m  Use the "MOVW" instruction (use a 16-bit access instruction to write to the PCSRHn register address).

m  Use the "MOV" instruction and write to PCSRHn first and then PCSRLn.
If a down counter load occurs after writing data to PCSRHn (but before writing data to PCSRLn), the previous valid PCS-
RHn/PCSRLn value will be loaded to the down counter. If the PCSRHn/PCSRLn value is modified during counting, the
modified value will become effective from the next load of the down counter.

m Do not set PCSRHn and PCSRLn to "0x00", or PCSRHN to "0x01" and PCSRLn to "0x01".
Note:
If the downcounter load occurs after the "MOV" instruction is used to write data to PCSRLn before PCSRHn, the previous

valid PCSRHn value and newly written PCSRLn value are loaded to the downcounter. It should be noted that as a result, the
correct period cannot be set.

297 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



19.7.3
The 16-bit PPG duty setting buffer registers ch. n control the duty ratio for the output pulses generated by the PPG.

Register Configuration

PDUTHNn
bit
Field
Attribute

Initial value

PDUTLN
bit
Field
Attribute

Initial value

Register Functions

CYPRESS
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7 6 5 4 3 2 1 0
DU15 DU14 DU13 DU12 DU11 DU10 DU09 DU08
R/W R/W R/W R/W R/W R/W R/W R/W

1 1 1 1 1 1 1 1

7 6 5 4 3 2 1 0
DUO07 DU06 DUO05 DU04 DUO03 DU02 DUO01 DUO00O
R/W R/W R/W R/W R/W R/W R/W R/W

1

16-bit PPG Duty Setting Buffer Register (Upper/Lower) ch. n (PDUTHN/PDUTLN)

These registers form a 16-bit register which controls the duty ratio for the output pulses generated by the PPG. Transfer of
the data from the 16-bit PPG duty setting buffer registers to the duty setting registers is performed at the same timing as the
downcounter read.

When writing to these registers, always use one of the following procedures.

m  Use the "MOVW" instruction (use a 16-bit access instruction to write to the PDUTHn register address).

m  Use the "MOV" instruction and write to PDUTHNn first and then PDUTLn.

If a down counter load occurs after writing data to PDUTHnN (but before writing data to PDUTLn), the value of the 16-bit
PPG duty setting buffer registers is not transferred to the duty setting registers.

The relations between the value of the 16-bit PPG duty setting registers and output pulse are explained below.

m When the same value is set in both the 16-bit PPG cycle setting buffer registers and duty setting registers, the "H" level
will always be output if normal polarity is set, or the "L" level will always be output if inverted polarity is set.

m  When the duty setting registers are set to "0x0000", the "L" level will always be output if normal polarity is set, or the "H"
level will always be output if inverted polarity is set.

m  When the value set in the duty setting registers is greater than the value in the 16-bit PPG cycle setting buffer registers,
the "L" level will always be output if normal polarity is set, and the "H" level will always be output if inverted polarity is set.
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19.7.4  16-bit PPG Status Control Register (Upper) ch. n (PCNTHn)
The 16-bit PPG status control register (upper) ch. n enables or disables the 16-bit PPG timer, and controls the software
trigger, operating mode, operating clock and output mask.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field CNTE STRG MDSE RTRG CKS2 CKS1 CKS0 PGMS
Attribute R/W W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] CNTE: Timer enable bit

This bit enables or stops the 16-bit PPG timer operation.

When "0" is written to this bit, the 16-bit PPG timer operation stops immediately and the PPGn output goes to the initial level
("L" output if OSEL is "0"; "H" output if OSEL is "1").

When "1" is written to this bit, the 16-bit PPG timer operation is enabled and the 16-bit PPG timer goes to standby to wait for

a trigger.
bit7 Details
Writing "0" Stops the 16-bit PPG timer operation.
Writing "1" Enables the 16-bit PPG timer operation.

[bit6] STRG: Software trigger bit

This bit starts the 16-bit PPG timer by software.
With the CNTE bit set to "1", writing "1" to the STRG bit starts the 16-bit PPG timer.

bité Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.
Writing "1" Generates a software trigger.
[bit5] MDSE: Mode select bit
This bit selects the operating mode of the 16-bit PPG timer.
bit5 Details
Writing "0" PWM mode
Writing "1" One-shot mode

Note:
While the 16-bit PPG timer is in operation, modifying the setting of this bit is prohibited.

[bit4] RTRG: Software retrigger enable bit
This bit enables or disables using the software retrigger function while the 16-bit PPG timer is in operation.

Details
Disables using the software retrigger function while the 16-bit PPG timer is in operation.

bit4
Writing "0"
Writing "1"

Enables using the software retrigger function while the 16-bit PPG timer is in operation.
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[bit3:1] CKS[2:0]: Operating clock select bits
These bits select the operating clock for the 16-bit PPG timer.
The operating clock is generated from the prescaler. For details, see 3.9 Operation of Prescaler.

Details
bit3:1 (MCLK: machine clock, Fcy: main clock,
Fcrnu: main CR clock, FycrpLL: main CR PLL clock)

Writing "000" 1 MCLK

Writing "001" MCLK/2

Writing "010" MCLK/4

Writing "011" MCLK/8

Writing "100" MCLK/16

Writing "101" MCLK/32

Writing "110" Fon/2” or Feru/28 or Fycrpr/2°

Writing "111" Fon/28 or Fepp/2” or FycreL /27

Note:

In subclock mode or sub-CR clock mode, since the time-base timer stops operating, setting CKS[2:0] to "0b110" or "0b111"
is prohibited.
[bit0] PGMS: PPG output mask enable bit

This bit is used to mask the PPGn output to a specific level regardless of the mode setting (PCNTHN:MDSE), period setting
(PCSRHnN, PCSRLnN), and duty setting (PDUTHn, PDUTLnN).

Writing "0" to this bit disables the PPGn output mask function.

Writing "1" to this bit enables the PPGn output mask function. When the PPGn output polarity setting is set to "normal”
(PCNTLn:OSEL = 0), the output is always masked to "L".

When the polarity setting is se to "inverted" (PCNTLn:OSEL = 1), the PPGn output is always masked to "H".

bit0 Details
Writing "0" Disables the PPGn output mask function.

Writing "1" Enables the PPGn output mask function.

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 300



16-bit PPG Timer

Embedded in Tomorrow™

19.7.5  16-bit PPG Status Control Register (Lower) ch. n (PCNTLn)

The 16-bit PPG status control register (lower) ch. n controls the hardware trigger, interrupt, output, and output polarity of the
16-bit PPG timer.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field EGS1 EGS0 IREN IRQF IRS1 IRSO POEN OSEL
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

[bit7] EGS1: Hardware trigger enable bit 1
This bit enables or disables stopping the operation of the 16-bit PPG timer at a falling edge of the TRGn input.

bit7 Details
Writing "0"
Writing "1"

Disables stopping the operation of the 16-bit PPG timer at a falling edge of the TRGn input.

Enables stopping the operation of the 16-bit PPG timer at a falling edge of the TRGn input.

[bit6] EGSO0: Hardware trigger enable bit 0
This bit enables or disables starting the operation of the 16-bit PPG timer at a rising edge of the TRGn input.

bit6 Details
Writing "0" Disables starting the operation of the 16-bit PPG timer at a rising edge of the TRGn input.
Writing "1" Enables starting the operation of the 16-bit PPG timer at a rising edge of the TRGn input.

[bit5] IREN: PPG interrupt request enable bit

This bit enables or disables making the 16-bit PPG timer interrupt request to the interrupt controller.

bit5 Details

Writing "0"

Writing "1"
[bit4] IRQF: PPG interrupt flag bit

This bit is set to "1" when the 16-bit PPG timer interrupt is generated.

Disables the 16-bit PPG timer interrupt request.

Enables the 16-bit PPG timer interrupt request.

When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit4 Details
Reading "0" Indicates that no 16-bit PPG timer interrupt has been generated.
Reading "1" Indicates that a 16-bit PPG timer interrupt has been generated.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit3:2] IRS[1:0]: Interrupt type select bit
These bits select the interrupt source type for the 16-bit PPG timer.

bit3:2 Details
Writing "00" Trigger by input, software trigger, or retrigger
Writing "01" Counter borrow
A Rising edge of 16-bit PPG timer output in normal polarity, or falling edge of 16-bit PPG timer output in
Writing "10 . .
inverted polarity
Writing "11" Counter borrow, rising edge of 16-bit PPG timer output in normal polarity, or falling edge of 16-bit PPG

timer output in inverted polarity
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[bit1] POEN: Output enable bit
This bit enables or disables the 16-bit PPG timer output pin output.

bit1 Details
Writing "0" The 16-bit PPG timer output pin functions as a general-purpose 1/O port.
Writing "1" The 16-bit PPG timer output pin functions as an output pin for the 16-bit PPG timer.

[bit0] OSEL: Output inversion bit
This bit selects the polarity of the 16-bit PPG timer output pin.

When "0" is written to this bit, the PPG output goes to "H" when "L" is output in the internal start and the 16-bit down counter
value matches the duty setting register value, and goes to "L" when a down counter borrow occurs (normal polarity).

When "1" is written to this bit, the 16-bit PPG timer output is inverted (inverted polarity).

bit0 Details
Writing "0" Normal polarity

Writing "1" Inverted polarity

19.8 Notes on Using 16-bit PPG Timer

This section provides notes on using the 16-bit PPG timer.

19.8.1 Notes on Using 16-bit PPG Timer

m Notes on setting the program

Do not use the retrigger if the same values are set for the cycle and duty. If used, the PPG output will go to the "L" level for
one count clock cycle after the retrigger, and then go back to the "H" level when normal polarity has been selected.

If the microcontroller enters a standby mode, the TRGn pin setting may change and cause the device to malfunction.
Therefore, disable the timer enable bit (PCNTHn:CNTE = 0) or disable the hardware trigger enable bit (PCNTLn:EGS1 = 0,
EGSO0 = 0).

When the cycle and duty are set to the same value, an interrupt is generated only once by duty match. Moreover, if the duty
is set to a value greater than the value of the period, no interrupt will be generated by a duty match.

While the 16-bit timer is counting, and the software retrigger function is enabled (PCNTHn:RTRG = 1) and the retrigger is
selected an interrupt source (PCNTLn:IRS[1:0] = 0b00), never disable the 16-bit PPG timer operation (PCNTHn:CNTE = 0)
and enable the software trigger (PCNTHN:STRG = 1) at the same time. Otherwise, even though the 16-bit PPG timer stops
operating, the interrupt flag bit may be set by a retrigger.
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This chapter describes the functions and operations of the 16-bit reload timer.
20.1 Overview

20.2 Configuration

20.3 Channel

20.4 Pins

20.5 Interrupt

20.6 Operations and Setting Procedure Example

20.7 Registers

20.8 Notes on Using 16-bit Reload Timer

20.1 Overview

The 16-bit reload timer has two counter operating modes in each of the two clock modes.
The 16-bit reload timer can be used as an interval timer by generating an interrupt when an underflow occurs in the timer.

20.1.1 Operation Modes of 16-bit Reload Timer
Table 20-1. shows the operation modes of the 16-bit reload timer.

Table 20-1. Operation Modes of 16-bit Reload Timer

Clock mode Counter operating mode Trigger operation mode
Reload mode Software trigger operation
Internal clock mode External trigger input operation
One-shot mode External gate input operation
Event count mode Reload mode

Software trigger operation

(external clock mode) One-shot mode

20.1.2 Internal Clock Mode

Internal clock mode is selected when any value other than "0b111" is set to the count clock setting bits (CSL[2:0]) in the 16-
bit reload timer control status register (upper) ch. n (TMCSRHn).

In internal clock mode, the following three trigger operation modes are available.

m  Software trigger operation

With the count enable bit (CNTE) in the 16-bit reload timer control status register (lower) ch. n (TMCSRLn) set to "1", the
counter starts when the software trigger bit (TRG) in the TMCSRLn register is set to "1".

m External trigger input operation

When the count enable bit (CNTE) in the 16-bit reload timer control status register (lower) ch. n (TMCSRLn) is set to "1", the
count will start if a valid edge (rising, falling, or both selectable) specified by the operating mode select bits (MOD[2:0]) is
input to the TIn pin.
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m  External gate input operation

When the count enable bit (CNTE) in the 16-bit reload timer control status register (lower) ch. n (TMCSRLn) is set to "1", the
count will start if a valid trigger input level ("L" or "H" selectable) specified by the operating mode select bits (MOD[2:0]) is

input to the TIn pin.

20.1.3  Event Count Mode (External Clock Mode)

When the count clock setting bits (CSL[2:0]) in the 16-bit reload timer control status register (upper) ch. n (TMCSRHnN) are
set to "Ob111", the count will start if a valid edge of trigger input (rising, falling, or both) specified by the operating mode
select bits (MOD[2:0]) is input to the TIn pin. When an external clock is input in regular cycles, the reload timer can also be

used as an interval timer.

20.1.4  Counter Operating Mode

m Reload mode

When an underflow occurs in the 16-bit down counter ("0x0000" — "OxFFFF"), the value of the 16-bit reload timer reload
register ch. n (TMRLRHNn/TMRLRLn) is loaded to the 16-bit down counter and the 16-bit reload timer continues counting. In
addition, since the interrupt request is output by an underflow, the 16-bit reload timer can be used as the interval timer.

m  One-shot mode

An interrupt is generated when an underflow occurs on the 16-bit down counter.

During counter operation, the TOn pin outputs a square waveform indicating that the counter is currently running.
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20.2 Configuration

The 16-bit reload timer consists of the following blocks:

Count clock generation circuit

Reload control circuit

Output control circuit

Operation control circuit

16-bit reload timer timer register ch. n (TMRHn, TMRLn)

16-bit reload timer reload register ch. n (TMRLRHn, TMRLRLn)

16-bit reload timer control status register ch. n (TMCSRHn, TMCSRLn)

The number of pins and that of channels of the 16-bit reload timer vary among products. For details, refer to the device data
sheet.

In this chapter, "n" in a pin name and a register abbreviation represents the channel number. For details of pin names,
register names and register abbreviations of a product, refer to the device data sheet.

20.2.1 Block Diagram of 16-bit Reload Timer
Figure 20-1 shows the block diagram of the 16-bit reload timer.

Figure 20-1. Block Diagram of 16-bit Reload Timer

< Internal bus >
16-bit reload timer reload register ch. n
(TMRLRHn, TMRLRLn) Reload
‘ Reload control circuit
A A A
16-bit reload timer timer register ch. n | T
(TMRHn, TMRLn) |
fCLK
Count clock generation circuit| | . Output control circuit | |
: . Lo Output signal
Pin — Iput Ly Valid clock . i & generation
control circuit judgment ' lnversion circuit
Tin = circuit . I .
i A A o
R Clock CLK :
Internal clock .
selection Wait
Y : Operation
... . TSeleet control
Function circuit
selection ( I ‘ l T T
16-bit reload timer control 16-bit reload timer control
status register (upper) ch. n (TMCSRHn) csL2 ‘ st ‘ CSLU‘ MODZ‘ MOD1‘ MODO‘ ‘ OUTE‘ OUTL| RELD| INTE | UF CNTE‘ TRG status register (lower) ch. n (TMCSRLn)
\—\—D_> Interrupt request
signal
< Internal bus >

m  Count clock generation circuit

The count clock for the 16-bit reload timer is generated from the internal clock or Tln pin input signal.
m  Reload control circuit

This circuit controls reload operation when the timer is started or an underflow occurs.

m  Output control circuit

This circuit controls the inversion of TOn pin output by an underflow of the 16-bit down counter and the enabling and
disabling of TOn pin output.
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m  Operation control circuit

This circuit controls the starting and stopping of the 16-bit down counter.

m  16-bit reload timer timer register (upper/lower) ch. n (TMRHn/TMRLn)

TMRHn and TMRLn form a 16-bit down counter. Reading these registers returns the current count value.
m 16-bit reload timer reload register (upper/lower) ch. n (TMRLRHNn/TMRLRLn)

This register sets the load value to the 16-bit down counter. The register loads the setting value of the 16-bit reload timer
reload register to the 16-bit down counter to down count.

m  16-bit reload timer control status register (upper/lower) ch. n (TMCSRHn/TMCSRLn)

This register controls the count clock, operating mode, clock selection, interrupts, and other aspects of the 16-bit reload
timer as well as indicates the current operation status.

20.2.2 Input Clock
The 16-bit reload timer uses the output clock from the prescaler or the input signal from the TIn pin as its input clock (count

clock).
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20.3 Channel

This section describes the channel of the 16-bit reload timer.

20.3.1 Channel of 16-bit Reload Timer

Table 20-2 and Table 20-3 show the pins and registers on a channel of the 16-bit reload timer respectively.

Table 20-2. Pins of 16-bit Reload Timer

Pin name Pin function
TOn Timer output
TIn Timer input

Table 20-3. Registers of 16-bit Reload Timer

Register abbreviation Corresponding register (Name in this manual)
TMCSRHn 16-bit reload timer control status register (upper) ch. n
TMCSRLn 16-bit reload timer control status register (lower) ch. n
TMRHn 16-bit reload timer timer register (upper) ch. n
TMRLn 16-bit reload timer timer register (lower) ch. n
TMRLRHn 16-bit reload timer reload register (upper) ch. n
TMRLRLn 16-bit reload timer reload register (lower) ch. n
20.4 Pins

This section describes the pins of the 16-bit reload timer and shows the block diagram of these pins.

20.4.1 Pins of 16-bit Reload Timer

The pins of the 16-bit reload timer are namely the TIn and TOn pins.

m TInpin

This pin is used both as a general-purpose I/O port and as the external pulse input pin for the counter (TIn).

TIn:Any pulse edge input to this pin is counted during counter operation. To use it as the external pulse input pin in counter
operation, set the corresponding bit in the port direction register (DDR) to "0".

m TOn pin

This pin is used both as a general-purpose 1/O port and as the output pin of the 16-bit reload timer (TOn).

TOnN:This pin outputs waveforms of the 16-bit reload timer.

When this pin is used as the 16-bit reload timer output pin, regardless of the setting of the port direction register (DDR),

enabling 16-bit reload timer output (TMCSRLn:OUTE = 1) automatically makes this pin function as the 16-bit reload timer
output pin to output the waveforms.
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20.5 Interrupt

The 16-bit reload timer outputs an interrupt request when an underflow occurs on the 16-bit down counter.
20.51 Interrupt of 16-bit Reload Timer
Table 20-4 shows the interrupt control bit and interrupt source of the 16-bit reload timer.

Table 20-4. Interrupt Control Bits and Interrupt Sources of 16-bit Reload Timer

Item Description
Interrupt request flag bit UF bit in TMCSRLn register
Interrupt request enable bit INTE bit in TMCSRLn register
Interrupt source Underflow of down counter (TMRHN/TMRLn)

The 16-bit reload timer sets the underflow interrupt request flag bit (UF) in the 16-bit reload timer control status register
(lower) ch. n (TMCSRLn) to "1" when an underflow occurs in the 16-bit down counter ("0x0000" — "OxFFFF"). If the
underflow interrupt request has been enabled (TMCSRLn:INTE = 1), the interrupt request will be output to the interrupt
controller.
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20.6 Operations and Setting Procedure Example
This section describes the operating status of the 16-bit reload timer counter.

Operating Status of Counter

The counter status is determined by the value of the count enable bit (CNTE) in the 16-bit reload timer control status register
(lower) ch. n (TMCSRLn) and the internal signal start trigger wait signal (WAIT). The STOP state (halted), WAIT state
(waiting for a start trigger) and RUN state (operating state) can be set.

Figure 20-2 shows the status transition of these counters.

Figure 20-2. Diagram of Counter State Transition

STOP state | CNTE = 0, WAIT = 1

TIn pin: Input disabled

TOn pin: General-purpose I/O port

16-bit reload timer timer register ch. n:
Holds the value at stop
Value immediately after reset = 0x0000

A
CNTE=0 CNTE=0
CNTE =1 CNTE =0 CNTE =1
TRG =0 TRG =1
WAIT state | CNTE =1, WAIT =1 P RUN state | CNTE=1, WAIT=0
TIn pin: Only trigger input is valid - Tin pin: 16-bit reload timer input
UF=1&
TOn pin: 16-bit reload timer reload register ch. noutput | Re| p = 0 TOn pin: 16-bit reload timer reload register ch. n output
16-bit reload timer timer register ch. n: (One-shot mode) 16-bit reload timer timer register ch. n:
Holds the value at stop c .
Until loaded immediately after reset = 00000 ount operation
UF=1& 4
RELD =1
TRG =1
TRG - 1 il "(Reload mode) (Software trigger)
(Software trigger) LOAD CNTE =1, WAIT=0

Ext | tri P To P 16-bit reload timer reload register ch. n value
xtermnal trigger from TON Pin | 154 ded to16-bit reload timer timer register ch. n

d
~ External trigger from TIn pin

Load completed

—p : State transition by hardware

— : State transition by register access
WAIT : WAIT signal (internal signal)
TRG : Software trigger bit (TMCSRLn)
CNTE : Timer operation enable bit (TMCSRLn)
UF  : Underflow generation flag bit (TMCSRLn)
RELD : Reload selection bit (TMCSRLn)
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Setting Procedure Example
Below is an example of procedure for setting the 16-bit reload timer.

Initial setup

]
1. Set the interrupt level. (ILR¥)

2. Set the reload value. (TMRHn/TMRLn)

3. Select the clock. (TMCSRHn:CSL[2:0])

4. Select the operating mode. (TMCSRHNn:MOD[2:0])
5. Enable the output. (TMCSRLN:OUTE = 1)

6. Select the output level. (TMCSRLn:OUTL)

7. Select reload. (TMCSRLN:RELD)

8. Enable a count. (TMCSRLN:CNTE = 1)

9. Perform the software trigger. (TMCSRLN:TRG = 1)
10. Enable underflow interrupt. (TMCSRLN:INTE = 1).

*:For details of the interrupt level setting register (ILR), refer to Chapter 5.Interrupts in this hardware manual and ” Interrupt Source Table" in the device data
sheet.

Interrupt processing
1. Clear the underflow interrupt request flag. (TMCSRLn:UF=0)
Disable underflow interrupt. (TMCSRLN:INTE = 0)

Process any interrupt.
Enable underflow interrupt. (TMCSRLN:INTE = 1)

>N
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20.6.1 Internal Clock Mode

In this mode, the 16-bit down counter counts down while being synchronized with the internal count clock, and outputs an
interrupt request to the interrupt controller every time an underflow occurs ("0x0000" — "OxFFFF"). In addition, the TOn pin
can output the toggle waveform.

20.6.1.1  Setting Internal Clock Mode
The timer requires the register settings shown in Figure 20-3 to operate as an interval timer.

Figure 20-3. Internal Clock Mode Setup

bit7 bité bits bit4 bit3 bit2 bit1 bit0

TMCSRHn | - | - [CSL2 | CSL1| CSLO [ MOD2|MOD1 | MODO |
\— Other than "0b111" —/ 0 ® ®

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
TMCSRLn | - [OUTE [ OUTL [ RELD | INTE [ UF [CNTE| TRG |
0 ©® ©® ©® ® ©® 1 ©®

bit7 bité bits bit4 bit3 bit2 bit1 bit0

TMRLRHn | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 |
\——— Set initial value of counter (reload value) (upper) ——

bit7 bité bits bit4 bit3 bit2 bit1 bit0
TMRLRLh | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
N\——— Set initial value of counter (reload value) (lower) ———

® : Used bit
0 :Setto"0"
1 :Setto™"

20.6.1.2  Operation of Internal Clock Mode (Reload Mode)

When "1" is set to the count enable bit (CNTE) to enable counting, and the timer is started by setting "1" to the software
trigger bit (TRG) or by an external trigger, the value set in the 16-bit reload timer reload register (upper/lower) ch. n
(TMRLRHN/TMRLRLDnN) is reloaded to the 16-bit down counter and down counting starts. If counting is enabled when the
count enable bit (CNTE) and software trigger bit (TRG) are set to "1" at the same time, the counting starts at the same time.
If the reload select bit (RELD) is "1", the value of the 16-bit reload timer reload register (upper/lower) ch. n (TMRLRHn/
TMRLRLn) is reloaded to the 16-bit down counter and the count continues when the 16-bit counter underflows ("0x0000" —
"OxFFFF"). If the underflow interrupt request flag bit (UF) is "1" when the underflow interrupt request enable bit (INTE) is set
to "1", an interrupt request is output.

The TOn pin can output a toggle waveform that is inverted every time an underflow occurs.
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m  Software trigger operation

When the count enable bit (CNTE) is set to "1", setting "1" to the software trigger bit (TRG) starts counting.
Figure 20-4 shows the software trigger operation in reload mode.

Figure 20-4. Count Operation in Reload Mode (Software Trigger Operation)

Count clock _l_\_l_\_l_|_l J_\_l_\_l_|_l"" J_\_l_|_l_\_l"" B 5 B I A

Counter ~ [ -1 ) Yoooo -1 fooool « J 1) Yoooo[ . -1}

Data load signal |_| ____________________
UF bit L |_| _____ | .
CNTE bit _ : : :

TRG bit _I_| _____ _____ _____ .....

TOn pin

m  External trigger input operation

The count starts when the count enable bit (CNTE) is set to "1" and a valid edge of trigger input (rising, falling, or both
selectable) set by the operating mode select bits (MOD[2:0]) is input to the TIn pin.

The timer start with the software trigger becomes effective as well as the one with an external trigger.

Figure 20-5 shows the external trigger input operation in reload mode.

Figure 20-5. Count Operation in Reload Mode (External Trigger Input Operation)

Count clock _|_|_|_|_|_|_lm' J_|_|_|_|_|_|l_|_|_|_|_|_|l_|_|_|_|_|_|l_|_
Counter e oooo A X foooof « X1 X foooo « 1 Y
Data load signal [l Reload data ] Reload data [ Reload data []  Reload data

UF bit - |_| _____ . .

CNTE bit ] ''''' P o S

Tin pin I L L S

TOn pin T e I

m  Gate input operation

The count starts when the count enable bit (CNTE) is set to "1" and the software trigger bit (TRG) is also set to "1".

The timer continues counting while the valid gate input level ("L" or "H" selectable) set by the operating mode select bits
(MODIJ2:0]) is being input to the TIn pin.

The timer start with the software trigger becomes effective as well as the one with an external trigger.

shows the gate input operation in reload mode.

Figure 20-6. Figure 20-6Count Operation in Reload Mode (External Gate Input Operation)

Counter ) Reloaddata | -1 -1 -1
Data load signal |_| _____ |_| Reload data
UF bit _____ |—|

CNTE bit ] """ 5

TRG bit I .....

Tin pin Y

“npn r
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20.6.1.3  Operation of Internal Clock Mode (One-shot Mode)

When the count enable bit (CNTE) is set to "1" and the software trigger bit (TRG) is set to "1" or the valid edge (rising, falling
or both edges selectable) specified by the operating mode select bits (MODI[2:0]) is input to the TIn pin, the value set in the
16-bit reload timer reload register is reloaded to the 16-bit down counter and down-counting starts. When the count enable
bit (CNTE) and software trigger bit (TRG) are set to "1" at the same time and then counting is enabled, the count is started
simultaneously.

If the reload select bit (RELD) is "0", the 16-bit counter halts at "OxFFFF" when the 16-bit counter underflows ("0x0000" —
"OxFFFF"). In this case, the underflow interrupt request flag bit (UF) is set to "1" and if the underflow interrupt request enable
bit (INTE) is "1", an interrupt request is output.

A square waveform can be output from the TOn pin to indicate that the count is in progress.
m  Software trigger operation

The count starts when the count enable bit (CNTE) is "1" and the software trigger bit (TRG) is set to "1".
Figure 20-7 shows the software trigger operation in one-shot mode.

Figure 20-7. Count Operation in One-shot Mode (Software Trigger Operation)

Count clock 0 I 0

Counter [~ X-1 X Yoooo)FFFF N X:::::XOOOO.XFFFF

Data load signal [|__Reloaddata  : [ Reload data L
UF bit L . N |_| .....
CNTE bit ] """ o o T
TRG bit S ______ _|_' _____ L
TOn pin I [ L

Wait for start trigger input

m  External trigger input

The count starts when the count enable bit (CNTE) is "1" and the valid edge of trigger input (rising, falling, or both edges)
specified by the operating mode select bits (MODI[2:0]) is input to the TIn pin.

Figure 20-8 shows the external trigger input operation in one-shot mode.

Figure 20-8. Count Operation in One-shot Mode (External Trigger Input Operation)

TS [ I 0 Y 0 I O
Counter 1 X YoooofFrre T« [T foooofFFFF

Data load signal |_| Reload d.a.tf':\. ) L |_| Reload d.a.tfa .......

UF bit _____ |_| _____ _____ l_l _____

CNTE bit ] """ S o o

Tin pin S T S SN B S F S

TOn pin 4 .......... | ..... .

Wait for start trigger input

313 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



CYPRESS

Embedded in Tomorrow™

m  Gate input operation

16-bit Reload Timer

The count starts when the count enable bit (CNTE) is "1" and the software trigger bit (TRG) is also set to "1".
The timer continues counting as long as the trigger input enable level ("L" or "H" selectable) specified by the operating mode

select bits (MOD[2:0]) is input to the TIn pin.
Figure 20-9 shows the external gate input operation in one-shot mode.

Figure 20-9. Count Operation in One-shot Mode (External Gate Input Operation)

<>
Wait for start trigger input

S I I I
Counter [ Reloag aata -1 " foooofFFrF T YA A

Data load signal . L E ﬂ”e"’a" data .

UF bit L [ S

CNTE bit ] .......... I

TRG bit I ___________ J—l .....

Tin pin I ...... |
tonpn [ " L. [
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20.6.2 Event Count Mode

In this mode, the 16-bit down counter counts down each time the valid edge is detected on the pulses input to the TIn pin,
and an interrupt request is output to the interrupt controller when an underflow occurs ("0x0000" — "OxFFFF"). In addition, a
toggle waveform or square waveform can be output from the TOn pin.

20.6.2.1  Event Count Mode Setup
The timer requires the register settings shown in Figure 20-10 to operate as an event counter.

Figure 20-10. Event Count Mode Setup

bit7  bit6  bit5  bit4  bit3  bit2  bit1  bit
TMCSRHn [ - | - | CSL2 | CSL1 | CSLO | MOD2 [ MOD1 | MODO |
1 1 1 ® @ ®

bit7?  bit6  bit5  bit4  bit3  bit2  bit1  bit
TMCSRLn [ - | OUTE | OUTL | RELD | INTE | UF | CNTE | TRG |
® ® ® ® ® 1 ®

bit7 bité bits bit4 bit3 bit2 bit1 bit0
TMRLRHn | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 |
\——— Set initial value of counter (reload value) (upper) ——

bit7 bité bits bit4 bit3 bit2 bit1 bit0
TMRLRLh | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
N\——— Set initial value of counter (reload value) (lower) ———

® : Used bit
1 :Setto"1"

20.6.2.2 Event Count Mode

The value set in the 16-bit reload timer reload register ch. n (TMRLRHn/TMRLRLn) is reloaded to the 16-bit counter when
the count enable bit (CNTE) is set to "1" and the software trigger bit (TRG) is set to "1". The counter counts each time the
valid edge (rising, falling, or both edges selectable) is detected on the pulses input to the TIn pin (external count clock).

m  Operation of reload mode

If the reload select bit (RELD) is "1", the value set in the 16-bit reload timer reload register ch. n (TMRLRHn/TMRLRLn) is
reloaded to the 16-bit counter and the count continues when the 16-bit counter underflows ("0x0000" — "OxFFFF").

The underflow interrupt request flag bit (UF) in the 16-bit reload timer control status register (lower) ch. n (TMCSRLn) is set
to "1" when an underflow occurs ("0x0000" — "OxFFFF") in the 16-bit counter, and an interrupt request is output if the
underflow interrupt enable bit (INTE) is set to "1".

The TOn pin can output a toggle waveform that is inverted each time an underflow occurs. Figure 20-11 shows the count
operation in reload mode.

Figure 20-11. Count Operation in Reload Mode (Event Count Mode)

Tin pin S I O I
Counter =)Ao« Y1 X Yooool Y1 X feooof - -4 f
Data load signal ﬂ Reload data H Reload data ﬂ Reload data [ heload data
UF bit L . ﬂ ,,,,, ﬂ ,,,,,
CNTE bit ] """ T """ s
e - I -
TOn pin o T
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m Operation of one-shot mode

16-bit Reload Timer

If the reload select bit (RELD) is "0", the value of the 16-bit counter halts at "OxFFFF" when the 16-bit counter underflows

("0x0000" —> "OXFFFF").

An interrupt request is output when the underflow request flag bit (UF) in the 16-bit reload timer control status register

(lower) ch. n (TMCSRLn) is set to "1" with the underflow interrupt enable bit (INTE) set to "1".

The TOn pin outputs a square waveform indicating that counting is in progress. Figure 20-12 shows the count operation in

one-shot mode.

Figure 20-12. Counter Operation in One-shot Mode (Event Count Mode)

Tinpin 0 S A 0 I

Courter [~ -1 X foooofFFrF »JC-1 X oooofFFFF

Data load signal |_| Reload dﬁt:aI ) o |_| Reload d.a.t.a. ) .....
UF bit L ... L |_| _____
CNTE bit ] """ o o T
TRG bit _,_l _____ ______ _|_| __________
Tonpin |71 | ..........

Wait for start trigger input
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20.7 Registers

This section describes the registers of the 16-bit reload timer.
Table 20-5. List of 16-bit Reload Timer Registers

Register abbreviation Register name Reference
TMCSRHn 16-bit reload timer control status register (upper) ch. n 20.7.1
TMCSRLn 16-bit reload timer control status register (lower) ch. n 20.7.2
TMRHn 16-bit reload timer timer register (upper) ch. n 20.7.3
TMRLn 16-bit reload timer timer register (lower) ch. n 20.7.3
TMRLRHN 16-bit reload timer reload register (upper) ch. n 20.7.4
TMRLRLn 16-bit reload timer reload register (lower) ch. n 20.7.4

20.7.1 16-bit Reload Timer Control Status Register (Upper) ch. n (TMCSRHn)

The 16-bit reload timer control status register (upper) ch. n (TMCSRHN) sets the operating mode and operating conditions of
the 16-bit reload timer.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — — CsL2 CSL1 CSsLo MOD2 MOD1 MODO
Attribute — — R/W R/W R/W R/W R/W R/IW
Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7:6] Undefined bits

Their read values are always "0". Writing values to these bits has no effect on operation,

[bit5:3] CSL[2:0]: Count clock select bits
These bits select the count clock for the 16-bit reload timer.

When a value between "0b000" and "0Ob110" inclusive is written to these bits, the 16-bit reload timer counts with the internal
clock (internal clock mode). The internal clock is generated by the prescaler. For details, see 3.9 Operation of Prescaler.

When "0b111" is written to these bits, the 16-bit reload timer counts with the edge of the external event clock (event count
mode).

Details
bit5:3 :
Operating mode Count clock*
Writing "000" 1 MCLK
Writing "001" MCLK/2
Writing "010" MCLK/4
Writing "011" Internal clock mode MCLK/8
Writing "100" MCLK/16
Writing "101" MCLK/32
Writing "110" Fen/2” or Foruf28 or Fucrer1 /28
Writing "111" Event count mode External clock

*: MCLK: machine clock
Fcn: main clock

FumcrpLL: main CR PLL clock
Fcry: main CR clock
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These bits set the operating conditions of the 16-bit reload timer.

m Internal clock mode (CSL[2:0] = any value between 0b000 and 0b110 inclusive)

Select the input pin function with the MOD2 bit.
When the MOD2 bit is "0",
o The TIn pin functions as a trigger input pin.
o Select the edge to be detected using the MOD[1:0] bits.

A  When the edge selected in MOD[1:0] is detected, the value set to the 16-bit reload timer reload register (upper/lower)
ch. n (TMRLRHN/TMRLRLnN) is reloaded to the 16-bit reload timer timer register (upper/lower)ch.n(TMRHn/TMRLn),
and the 16-bit reload counter starts counting using TMRHn/TMRLnN.

When the MOD2 bit is "1",
o The TIn pin functions as a gate input pin.
a The setting of the MOD1 bit is invalid.

o Select the valid signal level ("H" or "L") with the MODO bit. The 16-bit reload timer counts using TMRHn/TMRLn only
while the valid signal level is being input.

Note:

16-bit Reload Timer

When the MOD[2:0] bits are "0b000", external pin input becomes invalid. In this case, use the TRG bit to start the 16-bit
reload timer by using the software.

Details (Internal clock mode)

bit2:0
TIn pin function Valid edge/level

Writing "000" External pin input invalid —
Writing "001" Rising edge

Writing "010" Trigger input Falling edge

Writing "011" Both edges

Writing "100" "L" level

Writing "101" "H" level

Gate input
Writing "110" "L" level
Writing "111" "H" level

m  Event count mode (CSL[2:0] = 0b111)

a The MOD2 bit is always set to "0".
a The external event clock is input from the TIn pin.
a Select the edge to be detected using the MODI[1:0] bits.

bit2:0

Details (Event count mode)

TIn pin function

Valid edge/level

Writing "000"

External pin input invalid

Writing "001"

Writing "010"

Writing "011"

Trigger input

Rising edge

Falling edge

Both edges

Writing "100"

Writing "101"

Writing "110"

Writing "111"

Setting prohibited
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20.7.2 16-bit Reload Timer Control Status Register (Lower) ch. n (TMCSRLn)

The 16-bit reload timer control status register (lower) ch. n (TMCSRLnN) sets the operating conditions of the 16-bit reload
timer, enables or disables counting, controls interrupts, and checks the interrupt request status.

Register Configuration

bit 7 6 5 4 3 2 1 0
Field — OUTE OUTL RELD INTE UF CNTE TRG

Attribute — R/W R/W R/W R/W R/W R/W w

Initial value 0 0 0 0 0 0 0 0

Register Functions
[bit7] Undefined bit

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

[bit6] OUTE: Timer output enable bit
This bit sets the TOn pin function of the 16-bit reload timer.

bit6 Details
Writing "0" The TOn pin functions as a general-purpose 1/O port.
Writing "1" The TOn pin functions as the 16-bit reload timer output pin.

[bit5] OUTL: Pin output level select bit

This bit selects the output level of the output pin of the 16-bit reload timer.

S Details
i
One-shot mode (TMCSRLn:RELD = 0) Reload mode (TMCSRLn:RELD = 1)
The output pin outputs "H" level square The output pin outputs "L" when the 16-bit reload
Writing "0" waveform while the 16-bit reload timer is timer is started, and then toggles whenever an
counting. underflow occurs.
The output pin outputs "L" level square The output pin outputs "H" when the 16-bit reload
Writing "1" waveform while the 16-bit reload timer is timer is started, and then toggles whenever an
counting. underflow occurs.

[bit4] RELD: Reload select bit
This bit selects the reload operation to be executed when an underflow occurs.

When "0" is written to this bit, the 16-bit reload timer enters one-shot mode. In one-shot mode, when an underflow occurs,
the 16-bit reload timer stops counting.

When "1" is written to this bit, the 16-bit reload counter enters reload mode. In reload mode, when an underflow occurs, the
value set to the 16-bit reload timer reload register ch. n (TMRLRHN/TMRLRLn) is loaded to the 16-bit reload timer timer
register ch. n (TMRHn/TMRLn), and the 16-bit reload timer continues counting.

bit4 Details
Writing "0" One-shot mode
Writing "1" Reload mode
[bit3] INTE: Underflow interrupt request enable bit
This bit enables or disables the underflow interrupt.
bit3 Details
Writing "0" Disables the underflow interrupt.
Writing "1" Enables the underflow interrupt.
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[bit2] UF: Underflow interrupt request flag bit
This bit indicates whether an underflow has occurred in the 16-bit reload timer.
When read by the read-modify-write (RMW) type of instruction, this bit always returns "1".

bit2 Details
Reading "0" Indicates that no underflow has occurred in the 16-bit reload timer.
Reading "1" Indicates that an underflow has occurred in the 16-bit reload timer.
Writing "0" Clears this bit.
Writing "1" Has no effect on operation.

[bit1] CNTE: Count enable bit
This bit enables or disables the counting operation of the 16-bit reload timer.
When "0" is written to this bit, the 16-bit reload timer stops counting.

When "1" is written to this bit, the 16-bit reload timer enters the start trigger wait state. When a start trigger is input, the 16-bit
reload counter starts counting.

bit1 Details
Writing "0" Stops the 16-bit reload timer counting operation.
Writing "1" Enables the 16-bit reload timer counting operation (start trigger wait state).

[bit0] TRG: Software trigger bit

This bit enables using the software to start the 16-bit reload timer, and is valid only when the 16-bit reload timer operation is
enabled (CNTE = 1).

Writing "0" to this bit has no effect on operation.

When "1" is written to this bit, the value set to the 16-bit reload timer reload register ch. n (TMRLRHNn/TMRLRLDN) is reloaded
to the 16-bit reload timer timer register ch. n (TMRHn/TMRLn), and then the 16-bit reload timer starts counting from the next
count clock input.

Note:
Writing "1" to this bit and the CNTE bit simultaneously starts the 16-bit reload timer counting operation.

The read value of this bit is always "0". However, this bit keeps reading "1" from the point at which "1" is written to this bit to
start the 16-bit reload timer to the point at which the 16-bit reload timer starts counting.

bit0 Details
Read access The read value is always "0".
Writing "0" Has no effect on operation.

The 16-bit reload timer starts counting from the next count clock input after the value set in TMRLRHn/

Writing ™1 TMRLRLn is reloaded to TMRHN/TMRLN.
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20.7.3  16-bit Reload Timer Timer Register (Upper/Lower) ch. n (TMRHn/TMRLn)

The 16-bit reload timer timer register (upper/lower) ch. n (TMRHN/TMRLnN) reads the count value of the 16-bit down counter.

Register Configuration

TMRHn
bit 7 6 5 4 3 2 1 0
Field D15 D14 D13 D12 D11 D10 D9 D8
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
TMRLn
bit 7 6 5 4 3 2 1 0
Field D7 D6 D5 D4 D3 D2 D1 DO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Register Functions

The 16-bit reload timer timer register ch. n reads the count value of the 16-bit down counter.

If the counting operation has already been enabled (TMCSRLn:CNTE = 1) when the 16-bit reload timer starts counting, the
value set to the 16-bit reload timer reload register is reloaded to the 16-bit reload timer timer register ch. n, and then the 16-
bit reload timer starts down counting.

Notes:

m This register can read the count value even during the counting operation of the 16-bit reload timer. To read this register,
use a word transfer instruction, or read the upper byte of this register first and then its lower byte. The circuit of the 16-bit
reload timer timer register ch. n is configured so that the lower byte value is saved when the upper byte value is read.

m This register is read-only and located at the same address as the 16-bit reload timer reload register ch. n. Therefore, a
write access to this register becomes a write access to the 16-bit reload timer reload register ch. n.
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20.7.4  16-bit Reload Timer Reload Register (Upper/Lower) ch. n (TMRLRHn/TMRLRLnN)

The 16-bit reload timer reload register (upper/lower) ch.n (TMRLRHN/TMRLRLnN) sets the reload value for the 16-bit down
counter. The value written to this register is reloaded to the 16-bit down counter for down counting.

Register Configuration

TMRLRHn
bit 7 6 5 4 3 2 1 0
Field D15 D14 D13 D12 D11 D10 D9 D8
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0
TMRLRLn
bit 7 6 5 4 3 2 1 0
Field D7 D6 D5 D4 D3 D2 D1 DO
Attribute R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value 0 0 0 0 0 0 0 0

Register Functions

The 16-bit reload timer reload register ch. n sets the reload value to be reloaded to the 16-bit down counter.

The value set to the 16-bit reload timer reload register ch. n is reloaded to the 16-bit down counter for down counting when

the 16-bit reload timer starts or when an underflow occurs. In addition, the value of this register can be modified during the

counting operation of the 16-bit reload timer.

Notes:

m A value can be written to this register even during the counting operation of the 16-bit reload timer. To write a value to this
register, use a word transfer instruction, or write the upper byte of this register first and then its lower byte. The 16-bit

reload timer reload register ch. n has a circuit configured so that the upper byte value becomes valid when a value is writ-
ten to the lower byte.

m This register is write-only and located at the same address as the 16-bit reload timer timer register ch. n. Therefore, a read
access to this register becomes a read access to the 16-bit reload timer timer register ch. n.
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20.8 Notes on Using 16-bit Reload Timer

This section provides notes on using the 16-bit reload timer.

20.8.1 Notes on Using 16-bit Reload Timer

m Notes on setting the program

1. The 16-bit reload timer timer register ch. n (TMRHN/TMRLn) can read the count value even during the counting operation
of the 16-bit reload timer. To read this register, use a word transfer instruction, or read the upper byte of this register first
and then its lower byte.

2. Avalue can be written to the 16-bit reload timer reload register ch. n (TMRLRHn/ TMRLRLnN) even during the counting
operation of the 16-bit reload timer. To write a value to this register, use a word transfer instruction, or write the upper byte
of this register first and then its lower byte.

m Notes on interrupts

With the underflow interrupt request enabled (TMCSRLn:INTE = 1), if the underflow interrupt request flag bit (UF) in the 16-
bit reload timer control status register (lower) ch. n (TMCSRLn) is set to "1", the CPU cannot wake up from the interrupt
service routine. Therefore, always clear the UF bit in the interrupt service routine.
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This chapter describes the specifications and operations of the multi-pulse generator.
21.1 Overview

21.2 Block Diagram

21.3 Pins

21.4 Interrupts

21.5 Operations

21.6 Registers

21.7 Notes on Using Multi-pulse Generator

21.8 Sample Program for Multi-pulse Generator

21.1 Overview

The multi-pulse generator consists of a 16-bit PPG timer, a 16-bit reload timer and a waveform sequencer. By using the
waveform sequencer, 16-bit PPG timer output signal can be directed to multi-pulse generator output (OPT5 to OPTO)
according to the input signal of the multi-pulse generator (SNI2 to SNIO). Meanwhile, the OPT5 to OPTO output signal can
be hardware terminated by DTTI input in case of emergency. The OPT5 to OPTO output signals are synchronized with the
PPG signal in order to eliminate the unwanted glitch.

For details of the 16-bit PPG timer and the 16-bit reload timer, see Chapter 19.16-bit PPG Timer and
Chapter 20.16-bit Reload Timer respectively.

21.1.1 Function of Waveform Sequencer

21.1.1.1  Output signal control

With waveform sequencer, it is possible to generate 16-bit PPG timer waveform output and DC chopper waveform output at
the multi-pulse generator output (OPT5 to OPTO).

m  When an effective edge of the input signal from multi-pulse generator position detect input (SNI2 to SNIO) or when an
underflow occurs in the 16-bit reload timer or when the OPDBRHO and OPDBRLDO registers are set, data of one pair of the
16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLX) is loaded to the 16-bit MPG output data reg-
ister (upper) (OPDUR) and the 16-bit MPG output data register (lower) (OPDLR).

m The 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) determines the 16-bit PPG timer output to which
OPT output (OPT5 to OPTO0). By loading different 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPD-
BRLXx) to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR), various combination of OPT outputs (OPT5
to OPTO) can be obtained.

m Therefore, the 16-bit PPG timer output can be presented/absented at multi-pulse generator output (OPT5 to OPTO) or
switch the PPG timer output signal from one OPT output to another OPT output according to the sequence set in the 16-
bit MPG output data register (upper/lower) (OPDUR/OPDLR) and 12 pairs of 16-bit MPG output data buffer register
(upper/lower) (OPDBRHx/OPDBRLX). Meanwhile, the 16-bit reload timer can insert a delay when switch OPT output.
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m Table 21-1 shows the combination the data transfer from the OPDBRHx and OPDBRLXx registers to the OPDUR and
OPDLR registers.

Table 21-1. Data Transfer from OPDBRHx and OPDBRLx to OPDUR and OPDLR

Combination Data transfer from OPDBRHx and OPDBRLx to OPDUR and OPDLR

Data transfer from OPDBRHO and OPDBRLO to OPDUR and OPDLR after values are written to OPDBRHO
and OPDBRLO by software.

Triggered by the16-bit reload timer underflow.
Triggered by the position detection input (SNI2 to SNIO).
Triggered by the 16-bit reload timer underflow.

1

The 16-bit reload timer is started by the position detection comparison circuit.

5 Triggered either by the 16-bit reload timer underflow, or by the position detection input.

m In the waveform sequencer, there is a 16-bit timer that can be used to measure the speed of the motor and disable the
OPT output in case of position detect missing.

m  Forced stop control using DTTI pin input
External pin control can be performed through DTTI pin input. (The pin level can be set by each pin or software.) There is
selectable noise filter for DTTI input. Table 21-2 shows the noise width for noise filter of DTTI pin.

Table 21-2. Noise Width for Noise Filter

Selection Noise width for DTTI and SNI2 to SNIO pins

Cancels 4-cycle noise.

Cancels 8-cycle noise.

Cancels 16-cycle noise.

NG IYOCN [ O N

Cancels 32-cycle noise.
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21.1.1.2  PPG synchronization for output signal

In order to avoid short pulse (or glitch) during sequencer state changes, delay the write timing (WTO) and synchronize it with
the next coming edge of PPG output waveform. See Figure 21-1 and Figure 21-2. for details. This function can be enabled or
disabled by software. The WTS[1:0] bits in the 16-bit MPG input control register (upper) (IPCUR) are used to disable this
function and to select the polarity of the PPG edge to synchronize with.

Figure 21-1. PPG Rising Edge Synchronization

Asynchronous State Change
WTS[1:0] = 0b00

— Glitch
oP4 I
|

Synchronous State Change
WTS[1:0] = 0b01

o
| The sequencer changes its |

state (e.g. due to a reload
| timer underflow). |

Asynchronous State Change |
WTS[1:0] = 0b00 !

Synchronous State Change
WTS[1:0] = 0b10

o T T T T T T T ‘l/

| The sequencer changes its |
state (e.g. due to a reload
| timer underflow).

327 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



CYPRESS Multi-Pulse Generator

Embedded in Tomorrow

Note:

Directly changing from one PPG synchronization mode to another PPG synchronization mode (e.g. from rising-edge
synchronization to falling-edge synchronization or vice versa) is prohibited. To change from one PPG synchronization mode
to another PPG synchronization mode, disable PPG edge synchronization temporarily before changing to another PPG

synchronization mode.

21.1.1.3  Input position detect control

The input signal at the multi-pulse generator input pins (SNI2 to SNIO) is used to detect the rotor position of the DC motor.
There is a noise filter for all SNI2 to SNIO input and Table 21-2 shows the noise width for noise filter of SNI2 to SNIO pins. The

followings are conditions for the input position detect circuit:
3 edge selection for all SNI2 to SNIO; Rising edge, falling edge and both edges.
Compare the levels of SNI2 to SNIO inputs with RDA[2:0] bits in the output data register upper (OPDUR:RDA[2:0]).

After above condition met, the writing timing signal will be generated for the data transfer between the OPDBRHx and OPD-
BRLx registers and the OPDUR and OPDLR registers.

Furthermore, the edge detection for individual input (SNI2 to SNIO) can be disable/enable.
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21.2 Block Diagram

Figure 21-3 shows the block diagram of the multi-pulse generator and Figure 21-4 the block diagram of the waveform
sequencer.

21.2.1  Block Diagram of Multi-pulse Generator

Figure 21-3. Block Diagram of Multi-pulse Generator

OPT5 OPT5
OPT4 OPT4
OPT3 OPT3
OPT2 OPT2
OPT1 OPT1
OPTO OPTO

DTTI DTTI
SNI2 SNI2
SNI1 SNI1
SNIO SNIO

T TINO

3
m WAVEFORM
< SEQUENCER
0
[$)
=
L
K # \ 16-BIT PPG TIMER PPG1 » PPG1 Interrupt A2 —p Interrupt A

Interrupt B*2—» Interrupt B

TOUT » WTINO Interrupt C+2— Interrupt C
( # ) 16-BIT RELOAD TIMER
TIN [«— TINOO T
\
\
\ > Pin | TO1
!

*1: The dotted line represents the TI1 path. The 16-bit reload time can be used independently of the multi-pulse generator.
*2: See 21.4.2 Multi-pulse Generator Interrupt Sources in 21.4 Interrupts.

m  16-bit PPG timer

The 16-bit PPG timer is used to provide the PPG signal for the waveform sequencer. Details of the 16-bit PPG timer are
described in Chapter 20.16-bit PPG Timer.

m 16-bit reload timer

The 16-bit reload timer is used to act as the interval timer for the waveform sequencer. Details of the 16-bit reload timer are
described in Chapter 21.16-bit Reload Timer.

m  Waveform sequencer

The waveform sequencer is the core of the multi-pulse generator, which can generate various waveforms. Its block diagram is
shown in Figure 21-4.
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21.2.2  Block Diagram of Waveform Sequencer

Figure 21-4. Block Diagram of Waveform Sequencer
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NCCR Register

PDIRT:
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» Interrupt C*

*. See 21.4.2 Multi-pulse Generator Interrupt Sources in 21.4 Interrupts.

m  16-bit timer

The 16-bit timer is used to act as an interval timer for motor speed checking and abnormal detection timer for controlling a DC
sensorless motor. The detail is shown in Figure 21-5.

m  Comparison circuit
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The comparison circuit is used to compare the RDA[2:0] bits in the 16-bit MPG output data register (upper) (OPDUR) with the
CPD[2:0] bits in the 16-bit MPG input control register (upper) (IPCUR) for motor direction change. A compare match interrupt
is generated when a match is happened.

m Data write control unit
The data write control unit is used to generate the write signal (WTO) for transferring data from the output data buffer register

upper (OPDBRHXx) and output data buffer register lower (OPDBRLX) to the 16-bit MPG output data register (upper) (OPDUR)
and 16-bit MPG output data register (lower) (OPDLR). The detail is shown in Figure 21-6.

m Decoder
The decoder is used to decode the BNKF bit and RDA[2:0] bits in the 16-bit MPG output data register (upper) (OPDUR) to
select which pair of the 16-bit MPG output data buffer register (upper) and 16-bit MPG output data buffer register (lower)

(OPDBRHx and OPDBRLYX) is loaded to the 16-bit MPG output data register (upper) and the 16-bit MPG output data register
(lower) (OPDUR and OPDLR).

m DTTI control

The DTTI control is used to stop the multi-pulse generator output in case of emergency, which is triggered by an "L" level
input of the DTTI pin.

m Noise filter

The noise filter is used to filter out the noise of the input signal in which there are four types of sampling clock for selection.
m  Output control unit

The output control unit is used to enable or disable waveform output to the multi-pulse generator output pins (OPT5 to OPTO).
m Position detect circuit

The position detect circuit is used to detect the edgel/level of the position input (SNI2 to SNIO). The detail is shown in
Figure 21-7.

m  Sync circuit

The sync circuit is used to synchronize the OPT5 to OPTO outputs with the PPG signal.
m  16-bit MPG noise cancellation control register (NCCR)

The 16-bit MPG noise cancellation control register (NCCR) is used to select one of four sampling clock for the noise filter.
m 16-bit MPG output control register (upper) (OPCUR) and 16-bit MPG output control register (lower) (OPCLR)

The 16-bit MPG output control register (upper) (OPCUR) and the 16-bit MPG output control register (lower) (OPCLR) are reg-
isters that enable the write timing interrupt and flag, position detect interrupt and flag, set the data transfer method, and con-
trol the output of the OPT5 to OPTO pins and the input of the DTTI pin.

m  16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLX)

The output data buffer register is composed of 12 pairs of registers (OPDBRHB and OPDBRLB to OPDBRHO and
OPDBRLO0). OPDBRHXx is the upper byte register and OPDBRLXx the lower byte register. When a write signal is generated in
the data write control circuit, the values of the OPDBRHXx register and OPDBRLXx register specified by the BNKF bit and the
RDA[2:0] bits are transferred to the 16-bit MPG output data register (upper) (OPDUR) and the 16-bit MPG output data register
(lower) (OPDLR). However, when the value of the OPS[2:0] bits are "0b000", regardless of the settings of the BNKF bit and
RDA[2:0] bits, the values of the OPDBRHXx register and OPDBRLXx register are always output to the OPDUR register and
OPDLR register.

m  16-bit MPG output data register (upper) (OPDUR) and 16-bit MPG output data register (lower) (OPDLR)

The 16-bit MPG output data register (upper) (OPDUR) and the 16-bit MPG output data register (lower) (OPDLR) are used to
store the output data to the OPT5 to OPTO pins.

331 New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A



—= ‘g
Multi-Pulse Generator

CYPRESS

Embedded in Tomorrow

21.2.3 Block Diagram of 16-bit Timer

Figure 21-5. Block Diagram of 16-bit Timer
—
| J——>» Compare clear interrupt (CCIRT)
MCLK
TCSR i
| 'y
<:> TCLR | ICLR | ICRE |MODE | TMEN | CLK2 | CLK1 | CLKO |« Prescaler
t Clock
RST / , RST
16-bit up counter N\ —
CLK
(7] Latch
S
m —aQ D
n
% Cc
e =
i £ /
|_ L
~ F
<:r 16-b|trggg are clear —> Compare circuit
vy
—WTO
—— WTIN1
Z
16-bit timer buffer register
| LD

m  16-bit up counter
The 16-bit up counter will be cleared when the match is happened between the count value and the Compare Clear register.

m  Compare circuit
The compare circuit is used to compare the count value of the 16-bit up counter and the 16-bit MPG compare clear register

(upper/lower) (CPCUR/CPCLR).
m  16-bit MPG compare clear register (upper) (CPCUR) and 16-bit MPG compare clear register (lower) (CPCLR)

The 16-bit MPG compare clear register (upper) (CPCUR) and the 16-bit MPG compare clear register (lower) (CPCLR) are
used to store the 16-bit value which is used to compare the value of the 16-bit up counter.
m  16-bit MPG timer buffer register (upper) (TMBUR) and 16-bit MPG timer buffer register (lower) (TMBLR)

The 16-bit MPG timer buffer register (upper) (TMBUR) and the 16-bit MPG timer buffer register (lower) (TMBLR) are used
store the value of the 16-bit up counter when a write timing interrupt or position detect interrupt occurs.

m  16-bit MPG timer control status register (TCSR)
The 16-bit MPG timer control status register (TCSR) is used to control the operation of the 16-bit timer such as the clock fre-

quency, enable/disable the interrupt.

New 8FX, MB95630H Series 8-bit Microcontroller Hardware Manual, Doc. # 002-05465 Rev. *A 332



=
4 CYPRESS

Embedded in Tomorrow™

e

Multi-Pulse Generator

21.2.4  Block Diagram of Data Write Control Unit
Figure 21-6. Block Diagram of Data Write Control Unit
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m 1-cycle delay circuit

The 1-cycle delay circuit is used to delay one CPU clock cycle of the trigger signal when the 16-bit MPG output data buffer
register O (upper/lower) (OPDBRHO/OPDBRLO) is written.

m Selector 0

The selector 0 is used to select from either WTIN1 of the position detect circuit or external pin (TI1) to enable the count of the
16-bit reload timer.

m Selector 1

The selector 1 is used to select from among Write both OPDBRHx and OPDBRLx or TOUT of 16-bit reload timer or WTIN1 of
position detect circuit to generate the Write Timing signal (WTO).

m Falling edge detector

The falling edge detector is used to detect the falling edge of the 16-bit reload timer output (TOUT).
m Rising and falling edge detector

The rising and falling edge detector is used to detect the rising and falling edge of the 16-bit reload timer output (TOUT).
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When timer underflow trigger is used in following modes, the WTINO signal is generated by the trigger edge selected by

OPS[2:0] bits:

Table 21-3. TOUT Trigger Edge Selection for WTINO

OPS2 OPS1 OPSO TOUT Trigger Edge for WTINO

0 0 0 -

0 0 1 Rise and Fall

0 1 0 -

0 1 1 Fall

1 0 0 Rise and Fall

1 0 1 Rise and Fall

1 1 0 -

1 1 1 Fall

Initial value of the OPS[2:0] bits
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21.2.5 Block Diagram of Position Detection Circuit

Figure 21-7. Block Diagram of Position Detection Circuit
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The comparison circuit is used to compare the level of the position detection input (SNI2 to SNIO) with RDA[2:0] bits in the 16-
bit MPG output data register (upper) (OPDUR). If the selector is selected, a data write time output signal is generated when a
match is detected.

m  Comparison circuit

m Edge detect circuit 0, 1, 2
Edge detect circuit 0, 1 and 2 are identical.

The edge detect circuit is used to compare the edge of the position input (SNI2 to SNIO) with 3 different kind of edge setting.
If the selector is selected, a data write time output signal is generated when an effective edge is detected at the one of SNI2
to SNIO inputs.

m Noise filter

The noise filter is used to filter out the noise of the input signal in which there are 4 kind of sampling clock for selection.
m Selector

The selector is used to select from either edge detect circuit or comparison circuit to generate data write time output signal to
the data write control unit.
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21.3 Pins

This section describes the pins of the multi-pulse generator.

21.31 Pins of Multi-pulse Generator

The multi-pulse generator uses OPTO to OPT5, SNIO to SNI2, DTTI and TI1.

m OPTO to OPT5 pins

The OPTO to OPTS5 pins function as waveform output pins for the multi-pulse generator.

Regardless of the port direction register (DDR) value, enabling waveform output (OPCLR:OPE[5:0] = 0b111111) automatically
makes the OPTO to OPT5 pins function as waveform output pins for the multi-pulse generator.

m  SNIO to SNI2 pins

The SNIO to SNI2 pins function as the position detect input pins for the multi-pulse generator.

Set the corresponding bits in the port direction register (DDR) to "0" to use the SNIO, SNI1 and SNI2 pins as input ports.
m DTTI pin

The DTTI pin functions as the DTTI input pin for the multi-pulse generator.

Set the corresponding bit in the port direction register (DDR) to "0" to use the DTTI pin as an input port.

m TI1 pin

The TI1 pin functions as the input pin of the 16-bit reload timer for the multi-pulse generator.

Set the corresponding bit in the port direction register (DDR) to "0" to use the TI1 pin as an input port.
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21.4 Interrupts

The multi-pulse generator can generate an interrupt request due to the following sources:

m  Write timing output is generated by the data write control unit
Any valid position detection input is detected

m  Comparison match between CPD[2:0] in the 16-bit MPG input control register (upper) (IPCUR:CPD[2:0]) and RDA[2:0] in
the 16-bit MPG output data register (upper) (OPDUR:RDA[2:0])

Compare clear is generated by the 16-bit timer
m DTTIis changed to the "L" level

2141 Multi-pulse Generator Interrupts

There are five interrupts generated from the multi-pulse generator as follows:
Write timing interrupt

Compare clear interrupt

Position detect interrupt

Compare match interrupt

DTTI interrupt

The write timing interrupt is multiplexed with the compare clear interrupt, and the position detect interrupt with the compare
match interrupt.

m  Write timing interrupt

If the WTIE bit in the 16-bit MPG output control register (upper) (OPCUR) is set to "1", this write timing interrupt is generated
when the write timing is generated by the data write control circuit to make data transfer from one of 12 pairs of 16-bit MPG
output data buffer register (upper/lower) (OPDBRHB and OPDBRLB - OPDBRHO0 and OPDBRLO) to the 16-bit MPG output
data register (upper/lower) (OPDUR/OPDLR).

When this interrupt is generated, the write timing interrupt flag bit in the 16-bit output control register (upper) (OPCUR:WTIF)
is set to "1".
m  Compare clear interrupt

If the ICRE bit in the 16-bit MPG timer control status register (TCSR) is set to "1", this compare clear interrupt is generated
when the compare value and the 16-bit timer value match.

When this interrupt is generated, the compare clear interrupt flag bit in the 16-bit MPG timer control register (TCSR:ICLR) is
setto "1".

m Position detect timing interrupt

If the PDIE bit in the 16-bit MPG output control register (lower) (OPCLR) is set to "1", this position detect interrupt is gener-
ated when the write timing is output by the position detect circuit to make data transfer from one of 12 pairs of 16-bit MPG out-
put data buffer register (upper/lower) (OPDBRHB and OPDBRLB - OPDBRHO0 and OPDBRLO) to the 16-bit MPG output data
register (upper/lower) (OPDUR/OPDLR). This write timing output can be generated by either the compare match of the level
of the position input (SNI2 to SNIO) with the RDA[2:0] bits in the 16-bit MPG output data register (upper) (OPDUR), or a edge
detected of the position input (SNI2 to SNIO) with one of 3 different kinds of edge setting.

When this interrupt is generated, the position detect interrupt flag bit in the 16-bit MPG output control register (lower)
(OPCLR:PDIF) is set to "1".

m  Compare match interrupt

If the CPIE bit in the 16-bit MPG input control register (upper) (IPCUR) is set to "1", this compare match interrupt is generated
when the RDA[2:0] bits in the 16-bit MPG output data register (upper) (OPDUR) are matched with the CPD[2:0] bits in the 16-
bit MPG input control register (upper) (IPCUR).

When this interrupt is generated, the Compare match interrupt flag bit in the 16-bit MPG input control register upper
(IPCUR:CPIF) is set to "1".
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m DTTl interrupt

If the DTIE bit in the 16-bit MPG output control register (upper) (OPCUR) is set to "1", this DTTI interrupt is generated when-
ever an "L" level input is detected at the DTTI pin.

When this interrupt is generated, the DTTI interrupt flag bit in the 16-bit output control register (upper) (OPCUR:DTIF) is set to
ll1ll.
21.4.2  Multi-pulse Generator Interrupt Sources

m Interrupt A (DTTI)

This interrupt is generated when a DTTI interrupt occurs. DTTI interrupt is generated if OPCUR:DTIE is set to "1" when an "L"
level input is detected at the DTTI pin.

m  Interrupt B (write timing/compare clear)
This interrupt is generated when either a write timing interrupt or a compare clear interrupt occurs.

The write timing interrupt is generated if OPCUR:WTIE is set to "1" when a write timing signal is generated from the data write
control circuit.

The compare clear interrupt is generated if TCSR:ICRE is set to "1" when the count value of 16-bit timer matches with the 16-
bit MPG compare clear register (upper/lower) (CPCUR/CPCLR).

m Interrupt C (position detection/compare interrupt)
This interrupt is generated when either a position detect interrupt or a compare match interrupt occurs.
The position detect interrupt is generated if OPCLR:PDIE is set to "1" when an effective edge at SNI2 to SNIO is detected.

The compare match interrupt is generated if IPCUR:CPIE is set to "1" when the values of the CPD[2:0] bits in the IPCUR reg-
ister match with those of the RDA[2:0] bits in the OPDUR register.

For the respective interrupt request numbers of interrupt sources, refer to "Interrupt Source Table" in the device data sheet.
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21.5 Operations

The operations of the multi-pulse generator will be described in the following sections. According to the settings of the OPx1
and OPx0 bits in the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR), the OPTx pin outputs the
corresponding kind of waveforms ("H" or "L" or PPG output). See Table 21-4.

m Output Data Register Block Diagram
Figure 21-8. Output Data Register Block Diagram
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m  16-bit MPG Output Data Register (Upper/Lower) (OPDUR/OPDLR)

The content of the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) is sent from the 16-bit MPG output data
buffer register (upper/lower) (OPDBRHB and OPDBRLB - OPDBRHO and OPDBRLO) according to the write timing signal
(WTO) generated by the data write control unit, and the OPTx output waveform is updated. Moreover, the output level can be
compulsorily fixed by the DTTI pin input.

Table 21-4. 16-bit MPG Output Data Register (Upper/Lower) (OPDUR/OPDLR)

OPx1,0Px0 Setting OPTx Output
OPx1,0Px0 = 0,0 "L" level
OPx1,0Px0=0,1 16-bit PPG timer output
OPx1,0Px0=1,0 16-bit PPG timer inverted output
OPx1,0Px0 = 1,1 "H" level

The OPTXx output waveform timing diagram is shown in Figure 21-9 and the operation is explained in following sections.
m  OPTx Output Waveform Timing Diagram (WTS[1:0] = 0b00)

Figure 21-9. OPTx Output Waveform Timing Diagram (WTS[1:0] = 0b00)
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21.51 Operation of Position Detection

This section describes the operation of the Position Detection Circuit. When the effective position is detected, a Data Write
Timing Output (WTIN1) will be generated to the data write control unit and a Position Detect Interrupt is generated if the
OPCLR:PDIE is set to "1".

m Operation of Position Detection

The WTIN1 signal is generated by the Position Detection Circuit under the following conditions:

A comparison match between SNI2 to SNIO and RDA[2:0], which is triggered by any effective edge of SNI2 to SNIO.
A detection of effective edge at SNIx which is enabled by the corresponding SEEXx bit.

When the CMPE bit in the 16-bit MPG input control register (upper) (IPCUR) is set to "0", only the edge detection of SNIx pins
enabled by the SEE[2:0] bits will engage in the edge detection operation for the position detection. For instance, when only
the SEEO bit is set to "1", the input edge to the pin SNIO is in effect, the data write output signal is generated only when an
effective edge is detected at the SNIO pin. See Figure 21-10 for the timing diagram of the edge detection when CMPE = 0.

When the CMPE bit in the 16-bit MPG input control register (upper) (IPCUR) is set to "1", the SNI2 to SNIO pins will be
engaged in the comparison operation with the RDA[2:0] bits. The comparison is triggered by any edge change at the SNI2 to
SNIO pins. See Figure 21-11 for the timing diagram of the edge detection when CMPE = 1.

m Edge Detection Timing Diagram (CMPE = 0)
Figure 21-10. Edge Detection Timing Diagram (CMPE = 0)
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m Both Edges Detection and SNIX’'RDAx Comparison Timing Diagram (CMPE = 1)
Figure 21-11. Both Edges Detection and SNIX’RDAx Comparison Timing Diagram (CMPE = 1)
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m  WTIN1 Output Condition and Register Setting
Table 21-5. WTIN1 Output Condition and Register Setting

CMPE CPE1 CPEO SEEX WTIN1 Output Condition
0 0 0 0 No output. (Initial value)
0 oM 0/1 0 No output.
0 0 0 1 No output.
0 0 1 1 Detects SNIx rising edge.
0 1 0 1 Detects SNiIx falling edge.
0 1 1 1 Detects SNIx both edges.
1 0 0 01 Setting prohibited.
1 0 1 0/1 Detects SNIx rising edge and SNIxX/RDAx comparison match.
1 1 0 0/1 Detects SNiIx falling edge and SNIx/RDAx comparison match.
1 1 1 01 Detects SNIx both edges and SNIx/’RDAx comparison match.
Note:

When CMPE = 1, SEEx should be set to "0", setting SEEx = 1 is not recommended.
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21.5.2  Operation of Data Write Control Unit

The data write control unit is used to generate the write timing output (WTO) for transferring data from the 16-bit MPG output
data buffer register (upper/lower) (OPDBRHx/OPDBRLX) to 16-bit MPG output data register (upper/lower) (OPDUR/
OPDLR).

m Operation of Data Write Control Unit

The Write Timing Output (WTO) can be generated by the following condition:

After values are written to OPDBRHO and OPDBRLO by software

Triggered by the 16-bit reload timer underflow

Triggered by the 16-bit reload timer underflow. (The 16-bit reload timer is started by the position detection comparison circuit.)
Triggered by the position detection input (SNI2 to SNIO)

Triggered either by the 16-bit reload timer underflow, or by the position detection input

At the mean time the cause of generation of WTO will be defined by setting different value of the OPS[2:0] bits in the 16-bit
MPG output control register (upper) (OPCUR).

m Signal Flow Diagram for OPDBRH0 and OPDBRLO by Setting OPS[2:0] = 0b000
Figure 21-12. Signal Flow Diagram for OPDBRHO0 and OPDBRLO (OPS[2:0] = 0b000)
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The write timing output signal is generated from the data write control unit whenever a value is written to OPDBRHO and
OPDBRLO, and the data in OPDBRHO0 and OPDBRLO is transferred to OPDUR and OPDLR one cycle later.
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m  OPDUR and OPDLR Write Timing Diagram (OPS[2:0] = 0b000)
Figure 21-13. OPDUR and OPDLR Write Timing Diagram (OPS[2:0] = 0b000)
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m Signal Flow Diagram for Reload Timer Underflow by Setting OPS[2:0] = 0b001
Figure 21-14. Signal Flow Diagram for Reload Timer Underflow (OPS[2:0] = 0b001)
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timer underflow.

The 16-bit reload timer can be started by TIN input or a software trigger. The write signal is controlled by the 16-bit reload
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m Signal Flow Diagram for Position Detection by Setting OPS[2:0] = 0b010 or 0b110
Figure 21-15. Signal Flow Diagram for Position Detection (OPS[2:0] = 0b010 or 0b110)
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The write signal is generated by a comparison match or effective edge input of position detection.
m Signal Flow Diagram for Reload Timer and Position Detection by Setting OPS[2:0] = 0b011 or 0b111

Figure 21-16. Signal Flow Diagram for Reload Timer & Position Detect (OPS[2:0] = 0b011 or Ob111)
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At this setting the16-bit reload timer is started by the compare match or effective edge input of the position detection circuit,
write signal is then generated whenever the 16-bit reload timer is underflow. The compare match is triggered by any effective
edge change in SNI2 to SNIO pins.
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m Signal Flow Diagram for Reload Timer or Position Detection by Setting OPS[2:0] = 0b100 or 0b101
Figure 21-17. Signal Flow Diagram for Reload Timer or Position Detect (OPS[2:0] = 0b100 or Ob101)
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At this setting the write signal is generated by the compare match or effective edge input of the position detection or after an
underflow occurs in the 16-bit reload timer. The compare match is triggered by any effective edge change in SNI2 to SNIO

pins.

m OPDUR and OPDLR Write Timing Diagram (OPS[2:0] = 0b001, 0b010, 0b011, 0b100, 0b101, 0b110, or 0b111)
Figure 21-18. OPDUR and OPDLR Write Timing Diagram (OPS[2:0] = 0b001, 0b010, 0b011, Ob100, Ob101, 0b110, or O0b111)
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21.5.3  Operation of 16-bit MPG Output Data Buffer Register (Upper/Lower) (OPDBRHx/
OPDBRLX)
The 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLXx) are composed of 12 pairs of registers. By

loading different OPDBRHx and OPDBRLXx registers into the 16-bit MPG output data register (upper/lower) (OPDUR/
OPDLR), various kinds of waveform are output at the multi-pulse generator output (OPT5 to OPTO).

m Operation of Output Data Buffer Register

The data in the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLx) whose address specified by the
BNKF bit and the RDA[2:0] bits is transferred to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) at the
write timing generated by the data write control unit.

The BNKEF bit and the RDA[2:0] bits in the 16-bit MPG output data buffer register (upper) (OPDBRHXx) decide the order of data
transfer to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR), and the OPx1/OPxO0 bits decide the shape of
the output waveform. The output waveform is updated automatically as long as the write timing (WTO) is generated.

An example of setting the 16-bit MPG output data buffer register (upper/lower) (OPDBRH, OPDBRL) is shown in Table 21-6.

Table 21-6. 16-bit MPG output data buffer register (upper/lower) (OPDBRH, OPDBRL)

No.
BNKF
RDA2
RDA1
RDAO
OP51
OP50
OP41
OP40
OP31
OP30
OP21
OP20
OP11
OP10
OPO1
OPO00

OPBDR No. Sequence
OPT5 Output
OPT4 Output
OPT3 Output
OPT2 Output
OPT1 Output
OPTO Output

o
w

4 6
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w|o|o|=|=|o|o|o|o|o|o|=|o|=|=|c|=|>

rfa|=s|~|Oo|Oo|Oo|O|O|O|~|O|OC|O|—~|O|—~|O|=
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r|I|r|>»|o|lo|o|lo|—=|co|o|o|=|—-|O|o|Oo|=|O|=|0

o
o
®

r|IZ|jrrjrr|N|jo|jOo|=|O|O|O|=|=2|O|O|jO|O|O|=|O|O
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T
o
o
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rfrrjrrjr|I|=|=|ojojo|jo|jo|jo|o|jo|o|=|=|=|O|O0|O
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-
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XXX XX X XX XX X X XX X X XXX X X XXX X | X | e

XXX XX X X XXX XX X XXX X X XXX X X XXX X XN

|
Ijr|r|r
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Ijr|r|r
T

PPG

-
-
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Setting the 16-bit MPG output data buffer register 0 (upper/lower) (OPDBRHO/OPDBRLO) (No. 0) as shown in Table 21-6 ini-
tializes the value of the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR). The following sequence begins to
operate according to the write timing generated:

No. 4 -> No. 6 -> No. 2 -> No. 3 -> No. 1 -> No. 5 -> No. A -> No. B -> No. 9 -> No. 4 and recycle.

The data is transferred to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) sequentially. The 16-bit MPG
output data buffer register (upper/lower) (OPDBRHx/OPDBRLX) are not used if it is not set, e.g. No. 7 and No. 8 in Table 21-6.
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21.5.4  Operation of Data Transfer of 16-bit MPG Output Data Register (Upper/Lower)

Eight methods can be used to transfer data from the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/
OPDBRLXx) to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) automatically, which are described in the
following section. Each method is selected by setting the OPS[2:0] bits in the 16-bit MPG output control register (upper)
(OPCUR).

m Operation of Data Transfer of Output Data Register

There are eight methods of data transfer from 16-bit MPG output data buffer register (upper/ lower) (OPDBRHx/OPDBRLXx) to
the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR):
Write values to OPDBRHO and OPDBRLO

16-bit Reload Timer Underflow

Position Detection

Position Detection and 16-bit Reload Timer Underflow

Position Detection or 16-bit Reload Timer Underflow

One-shot Position Detection

One-shot Position Detection and 16-bit Reload Timer Underflow
One-shot Position Detection or 16-bit Reload Timer Underflow

The value of the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLXx) that is selected by the BNKF bit
and RDA[2:0] bits in the 16-bit MPG output data register (upper) (OPDUR) is transferred to the 16-bit MPG output data regis-
ter (upper/lower) (OPDUR/OPDLR) when the write signal is generated from the Data Write Control Circuit. However, at the
time when OPSJ[2:0] = 0b000, the value of OPDBRHO and OPDBRLO is always transferred to the 16-bit MPG output data reg-
ister (upper/lower) (OPDUR/OPDLR) in spite of the value of BNKF bit and RDA[2:0] bits. Figure 21-9 shows structure
between OPDBRHx/OPDBRLx and OPDUR/OPDLR.

Note:

When the data transfer method is changed, the next 16-bit MPG output data buffer register to be selected is always
specified by the BNKF bit and the RDA[2:0] bits in the 16-bit MPG output data register (upper). This does not apply to the
OPDBRHO0 and OPDBRLO write method. In this write method, the BNKF bit and the RDA[2:0] bits are ignored.

Always use the word access instruction to access OPDUR/OPDLR.

Figure 21-19. Structure between OPDBRHx, OPDBRLx and OPDUR, OPDLR

ANr~OlLaN~O
DN NXXIILLK
aoozZonon
ocoO0Omxoeaox
IREEEER

[OPDBRH0, OPDBRLO |——|

WTO
[OPDBRH1, OPDBRL1 ——
[OPDBRH2, OPDBRL2 |—»
[OPDBRH3, OPDBRL3 |——
[OPDBRH4, OPDBRL4 |—» 10 OUTPUT
[OPDBRH5, OPDBRL5 —— OPDUR, CONTROL

12 TO 1 SELECTOR -
[OPDBRHS6, OPDBRL6 — OPDLR CIRCUIT

[OPDBRH7, OPDBRL7 ——
[OPDBRH8, OPDBRL8 |—»
[OPDBRH9, OPDBRLY |——
[OPDBRHA, OPDBRLA|—>
[OPDBRHB, OPDBRLB}——|
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21.56.4.1 At OPDBRHO and OPDBRLO Write
The timing change of the output pin OPTx, which is triggered by OPDBRHO0 and OPDBRLO write, is shown in Figure 21-20.

m Timing Generated by OPDBRHO0 and OPDBRL0 Write (OPS[2:0] = 0b000)
Note:

Word access to the output data buffer register 0 must be used in this operation, byte access to either lower register or upper
register does not start any transfer operation. The reload timer is free to be used in this operation mode.

Figure 21-20. Timing Generated by OPDBRHO and OPDBRLO Write (OPS[2:0] = 0b000)

RDA[2:0] ' \f ' i ' A

(OPDUR) 0b000: >< 0b110 | 5 X 0b001
ODBROW |_| H

H’

wo [

OPO[1:0]

(OPDLR) 0b00 | >< | 0b01 5 >< 0b11

o T
e R
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21.5.4.2 At 16-bit Reload Timer Underflow
The timing change of the output pin OPTXx, which is triggered by the 16-bit reload timer underflow, is shown in Figure 21-21

and Figure 21-22.

m  Timing Generated by Reload Timer Underflow

Figure 21-21. Timing Generated by Reload Timer Underflow

. No.0, No.4 No.6, No.2 No.3 No.1 No.5, No.A,
|- > > > > > > > >
| | | ! 1 L . | |
BNKF, ' '
RDA2, | | | | | | | |
RDA1 ’ @bm0><b011(><b001(>@b001>éb000>@b010><b101>@b101>
RDAO, | | | | I | | | I
| | | |
OPT5 | | | |
| | | I
I 1 T 1 I
— | | |
OPT4 | | | I
| I I I —t
| I | | I I
OPT3 | I | | I I
—— I I I I i
| I | I I
OPT2 | I | I I

I I I |

| | | |

OPT1 | | | |

I I I I

| | | | I I

OPTO | | | | I I

I I I I I I

| | | |

Timer

starts 16-bit reload timer underflow occurs

The data transfer from the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLXx) specified by the
BNKF bit and the RDA[2:0] bits to the 16-bit MPG output data register (upper) (OPDUR) is updated automatically whenever a
16-bit reload timer underflow is generated as shown in Figure 21-22.

In order to use this method, use the 16-bit reload timer in reload mode. use the software trigger to start the 16-bit reload timer.
The 16-bit reload timer is needed for setting the update time in advance and executing the continuous control action.
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m Timing Generated by Reload Timer Underflow (OPS[2:0] = 0b001)
Figure 21-22. Timing Generated by Reload Timer Underflow (OPS[2:0] = 0b001)

Reload
timer
counter
action

RDA[2:0] 0b100:>< 0b110 X 0b101 X 0b011 X ><
A \ ! Y oboo1

(OPDUR)

WTINO
(TOUT)

OPO[1:0] \/ \ \f |/ \
(OPDLR) 0b00 ><: 0b01 N Ob11 i 0b00 s 0b10 ><:

PPG

- 1 nnnar
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21.5.4.3

At Position Detection

Multi-Pulse Generator

The output timing change, which is triggered by the input pin SNIx for the position detection, is shown in Figure 21-23 and

Figure 21-24.

m  Timing Generated by Position Detection

Figure 21-23. Timing Generated by Position Detection

No. 0 No. 4 No. 6 No. 2 No. 1 No. 5 No. A
| | - - |- |-t - - |
| | | | I N L | |
t T T 1 T T T j i

BNKF,| | | | | | | | |
Egﬁf’@bm Ot>éb01 1 %bom %bom 1>@booo1>@oo1 0>@o1 01 %m 01 1>
FlDAo’| : : [ | [ | | |
|
OPT5 | | l |
| | | |
1 | I
[ I | | |
opPT4 ! | | | |
| ! | | L
I | | | | |
OPT3 : H ! | | : :
— : i I
| | | | : |
OPT2 | | | | :
f i } 1
o I
OPT1 | | | |
f I
I I | | i I
OPTO | | | | | |
| I
! A
I
l ! Write signal is generated when theres is a comparison match between RDA[2:0] and
| |  SNI2-SNIO or any effective edge input at SNI2-SNI0. The comparison is triggered by the | |
| | input edge position detection input terminal SNix. | [
| | I | | | | |
| | |
sNi2 ! ' !
| | | ! | |
| | | | | | | |
[ | | | | |
SN
| | l | | |
| | l | l | |
| I | |
SNIO | | |
| | |

The comparisons between the SNI2 pin and the RDA2 bit, the SNI1 pin and the RDA1 bit, the SNIO pin and the RDAO bit are
done for each position detection.

The OPTx output waveform is updated according to the effective edge input to pin SNIx as shown in Figure 21-24. The data
of the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLx) specified by the BNKF bit and the
RDA[2:0] bits is transferred to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR), and the output data is
renewed automatically when pins SNI2 to SNIO are compared with the value of the RDA[2:0] bits and matches.

The reload timer can be used in this operation mode.
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m Timing Generated by Position Detection (OPS[2:0] = 0b010)
Figure 21-24. Timing Generated by Position Detection (OPS[2:0] = 0b010)

SNI2 |
SNI1 : | | l
SNIO | | T

RDA[2:0] \/

H
x

0b101 >< 0b011 >< 0b001

OPO0[1:0] \f \/ \f \j
(OPDLR) 0b00 >< 0b01 >< 0b11 >< 0b00 >< 0b10

Ob11

PPG
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21.5.4.4 At Position Detection and Timer Underflow

Multi-Pulse Generator

The output timing change of the operation of the Position Detection and Reload Timer underflow is shown in Figure 21-25

and Figure 21-26.
m  Timing Generated by Position Detection and Timer Underflow

Figure 21-25. Timing Generated by Position Detection and Timer Underflow

' No.O ' No.4 ' No.6 ' No.2 ' No.3 | No.1 ' No.5 ' No.A '
|- > | > |- -t |- e
| | | | ! . , | |
BNKF,, | ' | ' ! !
RDAS. \ ! | | | | ! |
RDA1’<bO1 00 X0b0110 >X0b0010><0b001 Mb0001 0b0101>X0b1010 <0b1 01‘>|
RDAO : : | ! ! : |
OPTS5 | | I
| | | |
] | ' I
OPT4 | |
[ |

o)
T
-
W

1
| : |
OPT1 | | |
| |
; | ! ! '
I I I
OPTO | | | |
|
' T T I
| T | T
| , | [ Write signal is generated by 16-bit reload timer underflow.
| |~—| 16-bit reload timer down-counting time I | |
by i | ! | '
SNi2 | | | | | I | |
. | | | | |
S : : ' | !
SNt | | | | | ! I !
—— | | ! ! :
L | | | | | |
SNIO | | | | | | |
| : : ! | | |

The comparison for the position detection is done in pair for each SNIx pin and RDAx bit (SNI2 and RDA2, SNI1 and RDAA1,
SNIO and RDAOQ), a comparison match starts the 16-bit reload timer. The write signal is generated by the16-bit reload timer

underflow.

Pin OPTx output waveform according to the effective edge input to pin SNIx is shown in Figure 21-26. The 16-bit reload timer
is started when the pins SNI2 to SNIO are compared with the value of the RDA[2:0] bits and matches. Data transfer from the
16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPDBRLXx) specified by the RDA[2:0] bits to the 16-bit MPG
output data register (upper/lower) (OPDUR/OPDLR) is triggered by the underflow of the 16-bit reload timer. The operation of

output data is renewed automatically.

In order to use this method, use the 16-bit reload timer in one-shot mode. TINOO must be longer than two machine cycles.
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m Timing Generated by Position Detection and Timer Underflow (OPS[2:0] = 0b011)

& CYPRESS

Embedded in Tomorrow™

Figure 21-26. Timing Generated by Position Detection and Timer Underflow (OPS[2:0] = 0b011)
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SNI1

SNIO

TINOO
(TIN)

Reload
timer
counter
action

RDA[2:0]

(OPDUR) 0b001

0b010 ><

0b100 >< 0b110 >< 0b011 ><

WTINO
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L I I
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21.5.4.5

The output timing changes of the operation of the Position Detection or Reload Timer underflow are shown in Figure 21-27
and Figure 21-28. This operation mode is selected by setting the OPS[2:0] = 0b100.

At Position Detection or Timer Underflow

m  Timing Generated by Position Detection or Timer Underflow

Figure 21-27. Timing Generated by Position Detection or Timer Underflow

No. 0 No. 4 No. 6 No. 2 No. 3 No. 1 No. 5 No. A
|- | | - |- |t |- - |
! | ! | ! ; ; | |
BNKF, ' ‘ ' |
RDAZ. | | | | | |
RDA1 ’@bm O%bm 1 %bom (>@b001 1><booo1>@bo1 O%M 01 %m 01 ‘>
’ |
RDAO : : | ' | : |
OPT5 | | | |
| | | 1
_— | | | '
OPT4 | | : | :
| ' | I
| | | | | |
OPT3 | | | | | |
] | i | | |
| | |
| \

OPT2 : | | : :
| ; ! —
| | | | | | | |
OPT1 | | \ |

: | | | | | | |
orrol || R

' | T | |

| ! N | - |

. | | | | | |

Timer o ) .

starts | | | 16-bit reload timer underflow occurs. | |

f I I

[ [ I I |

SNi2 | | : | | | | |

| ! | ! | l ' |

| | | I i I i |

SNI1 | , | | | | | |

| | | \ | —

SNIO | [ | | \ | |

| i ' I ‘ I |

| ? | | ? | |

I Write signal is generated when theres is a clomparison match between HDAI\[Z:O] and I

SNI2-SNIO or any effective edge input at SNI2-SNIO. The comparison is triggered by the

input edge position detection input terminal SNIix.
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m Timing Generated by Position Detection or Timer Underflow (OPS[2:0] = 0b100)
Figure 21-28. Timing Generated by Position Detection or Timer Underflow (OPS[2:0] = 0b100)
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21.5.4.6 At One-shot Position Detection

The output timing change, which is triggered by the input pin SNIx for the one-shot position detection, is shown in
Figure 21-29.

m When One-shot Position Detection

The operation of one-shot position detection is the same as that of the position detection, except that after the first valid posi-
tion is detected, no further position detection is recognized until the operation mode is changed from one-shot position detec-
tion to another operation mode. The OPTx output waveform is shown in Figure 21-29.

The reload timer is free to be used in this operation mode.
m Timing Generated by One-shot Position Detection (OPS[2:0] = 0b110)

Figure 21-29. Timing Generated by One-shot Position Detection (OPS[2:0] = 0b110)
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=
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|
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21.5.4.7 When One-shot Position Detection and Reload Timer Underflow

The output timing change of the operation of the one-shot position detection and reload timer underflow is shown in
Figure 21-30.

m  When One-shot Position Detection and Reload Timer Underflow

The operation of one-shot position detection and reload timer underflow is the same as that of the position detection and
reload timer underflow, except that after the first valid position is detected, no further position detection is recognized until the
operation mode is changed from one-shot position detection and reload timer underflow to another operation mode. The
OPTXx output waveform is shown in Figure 21-30.

In order to use this method, use the 16-bit reload timer in one-shot mode. TINOO must be longer than two machine cycles.
m  Timing Generated by One-shot Position Detection and Reload Timer Underflow (OPS[2:0] = 0b111)

Figure 21-30. Timing Generated by One-shot Position Detection and Reload Timer Underflow (OPS[2:0] = 0b111)
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21.5.4.8 When One-shot Position Detection or Reload Timer Underflow

The output timing change of the operation of the one-shot position detection or reload timer underflow is shown in
Figure 21-31. This operation mode is selected by setting the OPS[2:0] = 0b101.

m When One-shot Position Detection or Reload Timer Underflow

The operation of one-shot position detection or reload timer underflow is the same as that of the position detection or reload
timer underflow, except that after the first valid position is detected, no further position detection is recognized until the opera-
tion mode is changed from one-shot position detection or reload timer underflow to another operation mode.
The OPTx output waveform is shown as in Figure 21-31.
m Timing Generated by One-shot Position Detection or Reload Timer Underflow

(OPS[2:0] = 0b101)

Figure 21-31. Timing Generated by One-shot Position Detection or Reload Timer Underflow (OPS[2:0] = 0b101)
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21.5.5 Operation of DTTI Input Control

This section describes the operation of the DTTI input control circuit.

21.5.5.1  Operation of DTTI Input Control

The DTTI circuit controls the output of the value of PDRx (port x data register) to the pin OPTx which is multiplexed with the
port x where OPTx is enable by setting OPEx = 1. The operation mode is enabled by the DTIE bit in the 16-bit MPG output
control register (upper) (OPCUR).

Note:

Before the DTTI circuit is in effect, make sure that the port x which is multiplexed with the OPTx is configured as an output
port by setting its port direction register.

When the DTIE bit in the 16-bit MPG output control register (upper) (OPCUR) is set to "1", the waveform output at OPT5 to
OPTO pins are enabled by the valid level of the DTTI pin. When the low input level is placed at the DTTI pin, the output of
OPTx is fixed at the inactive level. The software can set the inactive level for each OPTX pin in PDRx of port x, the OPTx pin
is then driven by the data written in the PDRXx of port x.

Even while the output is fixed at the inactive level by the input of the DTTI pin, the timer keeps running, the position detection
function does not stop and the data transfer from the 16-bit MPG output data buffer register (upper/lower) (OPDBRHx/OPD-
BRLXx) to the 16-bit MPG output data register (upper/lower) (OPDUR/OPDLR) is continued for waveform generation, but no
waveform is output to the OPT5 to OPTO pins.

Figure 21-32 shows the DTTI circuit block diagram and Figure 21-33 shows the DTTI circuit timing diagram when D[1:0] is set
to "0b00".

21.6.6.2  DTTI Circuit Block Diagram
Figure 21-32. DTTI Circuit Block Diagram
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21.6.6.3  DTTI Circuit Timing Diagram (D[1:0] = 0b00)
Figure 21-33. DTTI Circuit Timing Diagram (D[1:0] = 0b00)
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DTTI

DTIE
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NRSL |
DTIF* |
|

i
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| |

|<—>| |
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* DTIF is cleared by writing “0” to it.

Note:

In the worst case the time from DTTI being recognized (after noise cancellation) to DTISP in effect takes 2 cycles, in best
case it takes 1 cycle.
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Relationship between DTTI and OPTx Output

Table 21-7. Relationship between DTTI and OPTx Output

NRSL DTIE DTTI Function
X 0 X DTTI has no effect on OPTx. (Initial value)
0 1 0 DTTI takgs effect. No'ise filter is not enablfed. An "L:' input at DTTI pin triggers the output of
the inactive level set in PDRx. The DTTI interrupt is generated.
0 1 1 DTTI has no effect on OPTx.
1 1 0 DTTI takes effect. Noise filter is enabled. An "L" input at DTTI pin triggers the output of the

inactive level set in PDRx. The DTTI interrupt is generated.

DTTI has no effect o