e oii an il

s !
'r' .'1'} s

“y
-
- ﬁ b
o x . e,
) _ |
1

 XE166/XC2000 &

'USIC Getting Started

i

Microcontrollers

afineon

Never stop thinking



Edition 2008-12

Published by
Infineon Technologies AG
81726 Miinchen, Germany

© Infineon Technologies AG 2008.
All Rights Reserved.

LEGAL DISCLAIMER

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS AHINT FOR THE IMPLEMENTATION
OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE REGARDED AS ANY
DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR QUALITY OF THE
INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION NOTE MUST VERIFY
ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. INFINEON TECHNOLOGIES HEREBY
DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND (INCLUDING WITHOUT
LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS OF ANY
THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION GIVEN IN THIS APPLICATION NOTE.

Information

For further information on technology, delivery terms and conditions and prices please contact your nearest
Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in
question please contact your nearest Infineon Technologies Office.

Infineon Technologies Components may only be used in life-support devices or systems with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure
of that life-support device or system, or to affect the safety or effectiveness of that device or system. Life support
devices or systems are intended to be implanted in the human body, or to support and/or maintain and sustain
and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may
be endangered.


http://www.infineon.com

G
Infineon XE166/XC2000 USIC Getting Started

XC2000/XE166

Revision History: 2008-12 V20

Previous Version:

V1.0, 2007-11 -

Page Subjects (major changes since last revision)

30 the DX2 stage has to deliver a (permanent) 1-level (by programming bit
field DSEL=111b) to the data shift unit

34 PCTQ=9, DCTQ=9 -> PCTQ=1, DCTQ=15

35 PCRL.PCTQ1/DCTQ1=0/0 -> PCRL.PCTQ1/DCTQ1=1/15

37 new section 3.4 and section 3.5

We Listen to Your Comments

Any information within this document that you feel is wrong, unclear or missing at all?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to:

mcdocu.comments@infineon.com

Application Note V 2.0, 2008-12



O
Infineon XE166/XC2000 USIC Getting Started

Table of Contents Page
1 OVeIVIBW . . o 6
2 USIC . 7
2.1 Introduction . .. ...... i 7
2.1.1 Input Stages . . ..ot 7
2.1.2 Output Signals . . ... e 8
2.1.3 Baud Rate Generator . .. ...ttt 8
2.1.3.1 Clock Input DX . ..o e 8
2.1.3.2 Fractional Divider ... ... .. oot i e 8
2.133 Protocol-Related Counter . ......... .. ... i, 9
2.1.34 Protocol Pre-Processor for the Data Shift Unit........................ 11
2.14 Data Shift Unit . ......... ... . 12
2.1.5 Channel Events and Interrupt Generation Unit . ......................... 14
3 ASC (UART)Mode ........ ... ... e 15
3.1 ASC for Full-Duplex Communication . .. ............oueeuneinnnennn... 15
3.1.1 Input Stages . .. ..ot 15
3.1.2 Output Signal . .. ... ... 15
3.13 Baud Rate Generation ... ...........uuuiineierneieneininanannnn 15
3.1.4 ASCFEFrame ... ... . 16
3.1.5 ASC Protocol-Related Control and Status Information ................... 17
3.1.6 Frame Transmission Control . ... ... ... ... ...ttt 18
3.1.7 Frame Receive Control . ... ... it 19
3.1.8 SW Configuration for ASC Full-Duplex Communication ................. 19
32 ASC for Half-Duplex Communication ...................cooouiieen.... 20
3.2.1 Collision Detection . ..........co it 21
322 SW Configuration for Half-Duplex Communication ..................... 22
33 IIDAMOAE . . ..o 23
33.1 Introduction . .. ... it e 23
332 SW Configuration for IDAMode . ....... ... ... . ... . ... 24
34 LIN (Local Interconnect Network) . .......... ... ... ..., 25
3.4.1 Introduction . .. ... ... ... 25
342 USIC for LIN Communication .. ............ueuueeneunennennennennn. 26
343 SW Configuration for LIN Master Task ................ ... ... ... .. .... 27
344 SW Configuration for LIN Slave Task .............. ... ... ... ...... 28
4 SSC (Synchronous Serial Channel)Mode .......................... 29
4.1 SSC for Full-Duplex Communication . . ...............ooiueinneennneo... 29
4.1.1 Input/Output Stages and the Protocol Pre-Processor ..................... 29
4.1.2 Baud Rate Generation . ..............uuiineineiie i 30
4.1.3 SSCFrame . ... ... 31
4.14 SSC Protocol-Related Control and Status Information . ................... 32
4.1.5 Master Mode Control .. .........i it 33
4.1.6 Slave Mode Control . ...ttt 34

Application Note 4 V 2.0,2008-12



O
Infineon XE166/XC2000 USIC Getting Started

4.1.7
4.1.8
4.2
43
43.1
432
4.4

5.1
5.2
53
5.4
5.5
5.6
5.7
5.8
59
5.10
5.11
5.12
5.13

SW Configuration for Master Mode in Full-Duplex SSC.................. 34

SW Configuration for Slave Mode in Full-Duplex SSC ................... 35
SSC for Half-Duplex Communication . . ...........oouuineinennennennen.. 36
End-of-Frame Control (CS Signal Inactive Control) . ....................... 37

AT25128 Introduction .. ...ttt e 38

EEPROM Programming . ... .........ceuueeumeeeuneenneenaannnaan. 40
Multiple MSLS Output Signals Generation ...................c.oueinn .. 43
Appendix: Source Code ......... ... ... ... 45
Example 1 ... 45
Example 2 ... 46
Example 3 ... e 48
Example 4 . ..o e 49
Example 5 ..o e 51
Example 6 ... ..o 53
Example 7 ... 55
Example 10 . ... o 56
Example 11 ... e 57
Example 12 ... e 58
Example 13 ... e 60
Example 14 . ... 61
Example 15 ... o 62
Appendix: Pin Connection of the XC2200 StarterKit .............. .. 64

Application Note 5 V 2.0, 2008-12



O
Infineon XE166/XC2000 USIC Getting Started

Overview

1 Overview

The USIC is a newly designed module in the Infineon Microcontroller XC2000/XE16x
family. It is a flexible interface module and covers several serial communication
protocols. This application note gives a brief overview on the module structure and some
detailed operating information. It will allow the user to quickly start their configuration for
different communication protocols using USIC module.

Corresponding to the configuration of desired the communication protocol, SW settings
in USIC parts are explained in detail. Example C code is included in the Appendix and
can run with an Infineon XC2000/XE16x Starter Kit. For more information about the
Starter Kit, see www.infineon.com.

Application Note 6 V 2.0, 2008-12
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usic

2 usic

2.1 Introduction

XE166 contains 3 USIC modules. Each module has 2 channels and each USIC channel
has the same structure and consists of:

* input stages

* output signals

* baud rate generator

» data shift unit

» channel events and interrupt generation unit

» FIFO structure for data transmission and reception.

211 Input Stages

For each protocol up to 3 input signals are available. Each input stage is handled by an
input stage (DX0, DX1 and DX2). It can:

» select the input signal (DXnA...DXnG) via bits field DSEL in register DXxCR
» switch to directly use the input data (DXxCR.INSW=1b) or the output of the protocol
pre-processor (DXxCR.INSW=0b)
if the input signal is used (INSW=1b), then
— the edge can be defined as trigger signal (via DXXCR.ICM)
— digital filter can be used (via DXxCR.DFEN)
— data synchronization can be enabled (via DXxCR.DSEN)
* loop back mode is possible (DXxCR.DSEL=DXnG)
» the input signal can be inverted (via bit DPOL).

[ osec | | croL | [ osen | [ insw
N data shift
DAnA Linit
OxnB
LHnG OIS protocol
1 [ore-
digital edge Processor
DXnING f— filter detect.
OxnT
DFEN USIC_Inpul_condil
Figure 1 Structure of the input Structure
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21.2 Output Signals

For each protocol up to 11 output signals are available (DOUT, SCLKOUT, SELQOJ[7..0],
MCLKOUT).

* The polarity of the master clock output signal MCLKOUT can be configured via
BRGH.MCLKCFG.

* The polarity of the shift clock output signal SCLKOUT can be configured and a delay
of one period of fpp)y (half SCLK period) can be created (BRGH.SCLKCFG).

21.3 Baud Rate Generator

O foram protocol pre-
D_’ input 3 [Frocessor

fox1 e ooy ouUT

j j fopg | PrOtoCCl Sutput | o5
related K - —): 1
counter corfig.
fro ¥enabl MOLEOUT
fract, MICLE oLtput
fovs =M ivider ? oarfig. » D
Figure 2 Structure of the Baud Rate Generator

2.1.3.1  Clock Input DX1

Ifitis used, then it holds fp|y = fpx4 for baud rate generation based on an external signal.

It is normally used for salve mode (e.g. for the baud rate detection). In this case, an

external input signal at the DX1 input stage can be optionally filtered and optionally

synchronized with fgys.

» |If BRGL.CLKSEL=10b, the trigger signal DX1T determines fpx4. The rising/falling/
both edges of the input signal can be used for baud rate generation. The active edge
is selected by bit field DX1CTR.CM.

» IfBRGL.CLKSEL=11b, the rising edges of the input signal can be used for baud rate
generation. The external signal is synchronized. The rising edges of DX1S is used
for the synchronization.

2.1.3.2 Fractional Divider
If it is used, then it holds fp)\=fFp for baud rate generation based on fgys.

* normal divider mode (FDRL.DM=01b): frp=fgys X 1/n, n=1024-STEP.
+ fractional divider mode (FDRL.DM=10b): frp=fgyg x n/1024, n=STEP.

Application Note 8 V 2.0, 2008-12
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Note: the fractional divider mode allows to program the average output clock with a finer
granularity. But fep can have a max. period jitter of one fgyg period.

The related registers:

EPaEII_ional Divider Register L {04y Reset Value: 0000y
1 14 13 12 11 10 ©® & 7 &6 5 4 3 2 1 0
oM o STEF
FDRH
Fractional Divider Reqister H (06y) Reset Valua: 0000y
15 14 13 12 11 10 8 8 7 G 5 4 3 2 1 4]
o ] RESULT
T —_ Y —

2.1.3.3 Protocol-Related Counter

It provides MCLK, SCLK and other protocol-related signals for baud rate detection or the
shift clock.

e protocol-related counter in divider mode

I 1
— 10
foram
i1
frin
L [
lb—l_ =
divide divide by Clivicle
o et " » SCLK
by 2 ::E]E? FOVHT | ooy by 2 |ecik
Tr.‘:
i 3 MCOLK
[ PrPEN | [TMEN=0] | CTOSEL |—
USIC_PON _THMERD

— It defines a frequency ratio between the master clock MCLK and the shift clock
SLCK.

— Itis used for an integer division delivering the pppy-

— 2 output signal MCLK and SCLK have 50% duty cycle.

Application Note 9 V 2.0, 2008-12
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usic
the related registers:
BRGL
Baud Rate Generator Register L {1CH) Reset Value: 0000y
15 14 13 12 11 10 o 8 7 5] 5 4 3 2 1 0
FFP | TM
0 DCTO PCTO CTQSEL | 0 En | EN 0 CLKSEL
1 1 1 1 1 1 1
r % i N r T ¥ r [0
BRGH
Baud Rate Generator Register H (1EQ} Reset Value: 0000y
15 14 13 12 11 10 o] 8 T 5] 5 4 3 2 1 i}
T o T T T r r r T r r T
SCLKCFG|CLK ] POV
L CFG L L L L L L L L L L
e e r rah

SW configuration for baud rate generation based on fgysg:

— fep=f(fsys) via bits filed DM and STEP in register FDRL
— fpin=fFp Via bits CLKSEL=00b in register BRGL

— fepp=fpIN OF fmcLk Via bit PPPEN in register BRGL

— fppiv=T(fppp) Via bits field PDIV in register BRGH

— select forqn Via bits field CTQSEL in register BRGL

CTQSEL=00b -> fctra=fPDIV
CTQSEL=01b -> fctra=fppp
CTQSEL=10b -> fctra=fscLk
CTQSEL=11b -> fctra=fMcLK

¢ protocol-related counter in capture mode

it is used for time internal measurement (BRFL.TMEN=1). For example, measure the
baud rate in the slave mode before starting data transfers (the time between two

edges of DXOT and DX1T).

frin

divide

by 2

capture in
FDIY

Lip value
ooLnter

| fracLe

[ PPPEN | [TMEN=1]

= [CLK

USIC_PON_THEN

Application Note 10

V 2.0, 2008-12



O
Infineon XE166/XC2000 USIC Getting Started

usic

2.1.3.4 Protocol Pre-Processor for the Data Shift Unit

It is used to generate time intervals for protocol-specific purposes. It has a time quanta
counter and is used for bit timing control.

— PCTQ: pre-divider for time quanta counter (division of foyqn by 1,2,3 or 4)
— DCTQ: denominator for time quanta counter.

oot ] timequanta M protocol pre-
forom = pre-civider counter CTO e processor
Figure 3 Time Quanta Counter

The PPP supports communication protocols:
UART:
— max. frequency is fgys/4 (20MHz @ f5ys=80MHZz)
— baud rate: 1,2kBaud to 3,5 MBaud
number of data bits: 1 to 63
PCTQ: the length of a time quantum
DCTQ: the number of time quanta per bit time, a standard setting is DCTQ+1=16,
SP=8 or 9 (SP<DCTQ, recommended: DCTQ>=4)

SPI:

max. frequency is fgys/2 (40MHz @ f5ys=80MHz)

baud rate: 2kBaud to 10MBaud (theoretic up to 40MBaud)

number of data bits: 1 to 63

PCTQ: define the length of a time quantum for delay T\q and Ty

DCTQ: the number of time quanta for the delay generation for T,y and Ty
T|d=Ttd=(PCTQ+1 )X(DCTQ+1 )/fCTQ|N

lic:

— 7bit and 10bit addressing

— PCTQ: the length of a time quantum

— DCTQ: the number of time quanta per symbol

100kBaud (PCRH.STIM=0b): fgys>=2MHz, 1 symbol timing=10 tq (DCTQ=9)
400kBaud (PCRH.STIM=1b): fgyg>=10MHz, 1 symbol timing =25 tq (DCTQ=24)
IIS:

— module frequency: receiver: max. fgyg, transmitter: max. fgyg/2
— baud rate: up to 26 MBaud

Application Note 11 V 2.0, 2008-12
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214 Data Shift Unit

shifl data input
optional transmit basic data ]
data buffer buffer input 0X0
shifi data cutput
g = COUT
o
data ) .
g' ransmi data shift e
g THLE unit  ta input DX
2 optional recsive DSl
data buffer @
bufarad a shift mntralinpul
Ir»::c-:lmd-ab E FIFO = * .
- z M input DX2
a
‘ recaiva dats -

The data handling is based on the data shift unit. For data transmit/receive it contains

transmit buffering (registers TBUFx)/receive buffering (registers RBUF0/1)
transmit control information (register TCSRL)
— frame length and word length:

ASC: FLE=0..62 (63 is not allowed), parity bit can be enabled via bits field CCR.PM
SSC: FLE=0..63, PM=0

lIC: for 7-bit addressing: WLE=7, unlimited data flow (SCTRH.FLE=3FFh), PM=0

— the shift control signal (TRM)

ASC: TRM= 01b, the shift control signal is active if it is at 1-level

SSC: TRM=01b, the shift control signal is active if it is at 1-level

lIC: TRM=11b, active without referring to the actual signal level

— Data output configuration (DOCFG)

ASC: DOCFG=00b (DOCFG=01b for IrDA signal, the DOUT value is then inverted)
SSC: DOCFG=00b, the DOUT value not inverted

IIC: DOCFG=00b, he DOUT value not inverted

— passive data level (PDL)

ASC: PDL=1b, the passive data level=1

SSC: PDL=1b, the passive data level=1

lIC: PDL=0b, the passive data level=0

— shift direction control (SDIR)

Application Note 12 V 2.0, 2008-12
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ASC: SDIR=0b, the LSB first
SSC: SDIR=1b/0b, the MSB/LSB first
lIC: SDIR=1b, the MSB first

the related registers:

usic

SCTRL
Shift Control Register L {30y) Reset Value: 0000y
15 14 13 12 11 10 9 8 7 G & 4 2 2 1 0
5
0 TRM DOCFG 0 FOL DIR
—_— o r:w — W
SCTRH
Shift Contrel Register H {32y Reset Value: 0000y
1 14 12 12 11 10 9 2 T 5] & 4 2 2 1 0
] WLE 0 FLE
L lr L L n:'n L ; 1 L r"'I'rI L 1

» transmit data validation information (not in receive operation)

If TBUF data has the single short mode (TDSSM=1b), the data in TBUF is considered
as invalid after it has been loaded into the shift register. TDEN must be sent to 01b
to allow send out data from TBUF if TDV=1. Bit TDV is a HW controlled bit. It is

automatically set when data is moved to TBUF (by writing
buffers).

to one of the transmit

— ASC and lIC: TCSRL.TVD is cleared in single short mode with the transmit buffer

interrupt event (bit TBIF in register PSR)

— S8S8C and IIS: TCSRL.TVD is cleared in single short mode with the receive start

interrupt event (bit RSIF in register PSR)
the related register:

TCSRL
Transmit ControliStatus Register L (3Cy) Reset Value: 0000y
15 14 13 12 11 10 9 8 T 5] 5 4 3 2 1 o
T T
TC TD WA | FLE | SEL |WLE
] WA L rr| TDEN 0 |ggu|TOV|ECF(SCF| 0 | ool o | mo | mo
; rwh e r':v i W h reh reh 1 e W W W
Application Note 13 V 2.0, 2008-12
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Each USIC channel provides 4 service request output SRx (x=0,1,2,3). For each channel
there are 3 types of interrupt events available

Channel Events and Interrupt Generation Unit

» data transfer events related to the transmission or reception (independent of the
selected protocol)

» protocol-specific events (dependent of the selected protocol)

* FIFO data buffer events

the related registers:

CCR
Channegl Control Register (104} Reset Value: 0000y
15 14 13 12 11 10 a 8 T 5] 5 4 3 2 1 ol
Al Rl | TEI | TSI | CiLI | RSI
en |en|en|en|en]en| 0 MODE
INPRL
Interrupt Node Peintar Register L NE Reset Value: 0000y
15 14 13 12 11 10 a ] I [} ] 4 3 2 1 0
] AlNP 1] RIMF 1] TEINP 1] TSINP
1 1 1 1 1 1 1 1
r Wy r Wy r vy r e
INPRH
Interrupt Node Pointer Ragister H (1&y) Reset Value: 0000,
15 14 13 12 11 10 a 8 T [ 5 4 3 2 1 o}
1] PIMP
L L L L L ; L L L L L r'I'l'
xxlC
Interrupt Control Register (EVSFR (yyyyyizzy) Resat Value: - 000,
15 14 13 12 11 10 a 8 T G 5 4 3 2 1 8]
T T T
GPY [xxIR | xxIE ILWL GLVL
rw | rh W : : r':'.-

— register CCR defines the general interrupt generation

— register INPRL and INPRH defines which SRx will be activated if the corresponding

event occurs

— register PCRL/H defines protocol-specific interrupts

— interrupt control register UxCy_zIC (x=0,1,2; y=0,1; z=0,1,2) defines interrupt level
and enable/disable the interrupt generation

Application Note
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ASC (UART) Mode

3 ASC (UART) Mode

3.1 ASC for Full-Duplex Communication

For full-duplex communication, an independent communication line is needed for each
transfer direction.

ASC module B

Dx0 | REUF |

ASC module A

[ rEUF e Do

DIM CIM

transfer transfer
oot contral
fs,-s_._ aud rate baud rate | | fas
(ASC A clenerator denerator (ASC B)
Figure 4 ASC Signal Connection for Full-Duplex Communication

311 Input Stages

» shift data input (DXO0) is used as RxD. the PPP is used for the data shift unit
« shift clock input (DX1) is optional for collision detection in half-duplex
communication.

3.1.2 Output Signal
» shift data output (DOUT) is used as TxD

313 Baud Rate Generation

» protocol pre-processor (PPP)

In ASC mode the PPP is responsible for reception and transmission of asynchronous
data frames. The protocol specific bits (SOF, parity bit, stop bit) are automatically
handled by the ASC protocol state machine and do not appear in the data flow via the
receive and transmit buffer.

Application Note 15 V 2.0, 2008-12
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ASC (UART) Mode

* baud rate generation:
fsys < 1 y 1 < 1
1024 -STEP PDIV+1 PCTQ+1 DCTQ+1

under condition: CLKSEL=0, PPPEN=0, CTQSEL=00b, and normal divider is used

fasc =

3.14 ASC Frame

1
ir.||e‘t| SOF |
0

idle

1-63 hits

Figure 5 Standard ASC Frame Format

For a detailed description of data shift unit please see Chapter 2.1.4

word and data length: FLE=0..62 (63 is not allowed),
parity bit can be enabled via bit PM in register CCR
shift control signal: TRM=01b

data output configuration (DOCFG=00b)

passive data level: PDL=1b, the passive data level '1’
shift direction control: SDIR=0b (the LSB first)

Application Note 16 V 2.0, 2008-12
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ASC (UART) Mode

3.1.5 ASC Protocol-Related Control and Status Information
PCRL Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PL SP FFIEN | FEIEN | RNIEN | CDEN | SBIEN IDM STPB SMD

PCRH Register

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MCLK Reserved

| | | | | | |

Table 1 Signification of PCR bits for ASC
bit 0 SMD sample mode
bit 1 STPB stop mode
bit 2 IDM idle detection mode
bit 3 SBIEN sync.-break interrupt enable
bit 4 CDEN collision detection enable
bit 5 RNIEN receive noise detection interrupt enable
bit 6 FEIEN format error interrupt enable
bit 7 FFIEN frame finished interrupt enable
bit 8-12 SP sample position
bit 13-15 PL pulse length
bit 31 MCLK master clock enable

PSR Register

5 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

AF | RIF | TBIF | TSIF | DLIF | RSIF TFE | RFF | FER1 | FERO | RNs | coL | sep | X | TX
Table 2 Signification of PSR bits for ASC
bit 0 TXIDLE transmission idle
bit 1 RXIDLE reception idle
bit 2 SBD synchronization break detected
bit 3 COL collision detected
bit 4 RNS receiver noise detected
bit 5 FERO format error in stop bit 0
bit 6 FER1 format error in stop bit1
bit 7 RFF receiver frame finished

Application Note 17 V 2.0, 2008-12
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ASC (UART) Mode

bit 8 TFF transmitter frame finished
bit 10 RSIF receiver start indication flag
bit 11 DLIF data lost flag

bit 12 TSIF transmit shift flag

bit 13 TBIF tinsmith buffer flag

bit 14 RIF receive flag

bit 15 AIF alternative receive flag

ASC general interrupt event

— RSIF: after the sample point of the first data bit of a data word

DLIF: RBUF becomes overwritten

TSIF: after the start of the last data bit of a data word

TBIF: after the start of the first data bit of a data word

RIF and AlF:

a) if the parity bit is disabled, RIF is set after the SP of the last data bit of a data word
b) if the parity bit is enabled,

- RIF is set after the SP of the parity bit and no parity error has been detected
- AlIF is set after the SP of the parity bit and a parity error has been detected

ASC protocol-specific interrupt events

— SBD: used in LIN networks

— COL: used in data transfer over a single data line

— RNS: The 3 input samples are not identical. This is only active during the reception
of a frame and using the three sample mode.

— FERO: sampled stop bit is 0 instead of 1

— FERH1: if the sample process is active and the sampled stop bit is 0 instead of 1

— RFF: The receiver has left the state of the last stop bit. RxD assignment can be
changed.

— TFF: The transmitter has left the state of the last stop bit. TxD assignment can be
changed.

3.1.6 Frame Transmission Control

The data transmit path is based on the transmit buffer unit, the shift control unit (for data
transmission and reception) and the transfer trigger logic unit.

The internal TSR register (only readable) indicates the status information of the
TBUF. If a currently transmitted data word is finished and new data is valid for
transmission, the register TSR is updated automatically.

The data transfer parameter (frame/word length, output polarity, shift direction...) is
controlled by register TCSRL/H.

The data word in the TBUF can only be triggered if it is indicated as varied. Bit
TCSRL.TDEN defines the transfer gating logic.

Application Note 18 V 2.0, 2008-12
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ASC (UART) Mode

When the transmitter is in idle state (PSR.TXIDLE is set), the data in the transmit buffer
TBUF is valid (TCSRL.TDV is set) and the baud rat generator is not in timing
measurement mode (BRGL.TMEN=0), the frame transmission can start.

There are two ways for TXIDLE/RXIDLE to have value ’1’:

— ifthe idle detection mode is used (bit PCR.IDM is set), the TXIDLE/RXIDLE will be set,
— in the case with parity bit (PM=00b), when the bus has a consecutive passive level
with length of FLE+2 bit times.
— in the case without parity bit (PM=1xb), when the bus has a consecutive passive
level with length of FLE+3 bit times.
SW should reset bit TXIDLE/RXIDLE.
— if the idle detection mode is not used (bit PCR.IDM is cleared), bit TXIDLE/RXIDLE is
set by HW automatically.
As the transmission starts, data output is switched to protocol pre-processor and the
start bit 0’ is sent on the TxD line.

At the end of the start bit, the data output is switched to the data shift unit. According to
the configuration in register TCSRL/H the data in TBUF is shifted out on the TxD. When
reaching the end point of the last bit, the PPP will generate the parity bit (optional) and
send the stop bit with level '1’. The level of the idle state is provided by PPP with the
passive data level (defined in SCTRL.PDL).

31.7 Frame Receive Control
The data receive path is based on the receive buffer unit and the shift control unit

» the internal RSRO0/1 registers (only readable) indicate the status information of the
RBUFO0/1. If a complete data word has been received or the frame is finished, the
register RSRO/1 is updated automatically.

» the data receive parameter (frame/word length, output polarity, shift direction...) is
controlled by TCSR registers (commonly control for send and receive).

When the USIC channel is in the receive idle state (PSR.RXIDLE is set) and a falling
edge is detected on the DXO input, the frame reception can be started.

3.1.8 SW Configuration for ASC Full-Duplex Communication

Example 1: fgyg=80MHz, baud rate=19200Baud, U2C0

* input stage and output signal
— input stage (DX0CR)

DX0(DX0B)=DIN=P3.1(RxD): DPOL=0 (not inverted), INSW=0 (PPP used)
— output signal
TxD=DOUT=P3.0

» baud rate generation and the PPP configuration (BRGL/H, FDRL)
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— fractional divider (FDRL): DM=2, STEP=786
— baud rate generator: PCTQ=1, DCTQ=15, PDIV=99, CTQSEL=0, PPPEN=0

fasc=80,000 x 786 x (1/1024) x (1/100) x (1/2) x (1/16) = 19,189KBaud (real value)
— data format configuration (data shift control via SCTRL):
TRM=01b, DOCFG=0 (DOUT not inverted), PDL=1, SDIR=0 (LSB first)

— word and frame length (SCTRH): WLE=7, FLE=7
» data transmission control (TCSRL): use TBUF single shot mode (TDEN=1,
TDSSM=1)
» protocol-related information (PCR)
— sample mode: one sample point (SDM=0)
— stop bit: one stop bit (STPB=0)
— sample position: SP=7
— pulse length: PL=0 (the 0 level is during the complete bit time with bit '0’)
« parity mode (CCR): PM=0, here parity mode is not used.
» interrupt configuration: not used
« input/output pins configuration
— output P3.0: P3_IOCR00=0x0090 (ALT1, push-pull)

3.2 ASC for Half-Duplex Communication

In a half-duplex configuration, only one data line is shared between the communication
partners and used for both reception and transmission of data. In this case, the user SW
has to take care that only one transmitter is active at a time. There are two ways to avoid
collisions on the data exchange line:

« only the transmitting channel may enable its transmit pin driver (enable/disable push/
pull drivers)

» devices use open-drain outputs to allow the wired-AND connection in a multi-
transmitter communication.

Module A in Figure 6 has an internal connection with only the TxD pin, whereas module
B uses an external connection between TxD and RxD pin.

Note: For transmission in case of a wired AND connection with open-drain drivers the
internal pull-up resistor on pin RxD in the external connection (module B) can be
used. If the internal connection (module A) is used, an external pull-up resister
must be connected to Vppp.
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ASC module A DiN . DIN ASC module B
b o
[ REUF & Dxo DX0 |-» REUF |
S | |
DoUT DT
| TELIF || — — || TELUF |
OX1 . : DX
¥ ¥
transfer transfer
cortrol control
Tave raud rate baud rate fays
(ASC Fﬂ_. censrator denerator {_[ASC B
Figure 6 ASC Signal Connection for Half-Duplex Communication
3.21 Collision Detection

Collision detection can only be active during the transmission of a frame.

In order to support transmitter collision detection, the input stage DX1 can be used to
monitor the level of the transmit line. In this case the actual transmit level is feed back
and the USIC state machine can check if the line is in idle state or if a collision occurred.

When a collision is detected, the transmitter immediately aborts the current transmission
(transmit shift register is invalid), enters into the idle state, releases the data output
(sending passive data level) and sets the status flag (bit COL in register PSR).

Note: to send the data again the SW has to program Tx buffer again.
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| | | | | | | | |
X Start Stop
Module A: ) ;
send data Ox55 %t Tpoptyop1rjypop1yo0 t;'t
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
Start I | | | Stop
Module B: ) )
send data 0xDD %t 1 0 L : L : 1 0 L : 1 : b1|t
Module B has detected the collision and released pin TxD
Figure 7 Collision Detection
3.2.2 SW Configuration for Half-Duplex Communication

Example 2: f5ys=80MHz, baud rate=19200bps, U2CO0 with external connection
* input stage and output signal
— input stages (DXxCR):
DX0(DX0B)=DIN=P3.1 (RxD): DPOL=0 (not inverted), INSW=0 (PPP used)
DX1(DX1A)=collision detection=DOUT=P3.0 (TxD)
— output signal:
TxD=DOUT=P3.0

* baud rate generation and the PPP configuration (BRGL/H, FDRL): the same as in the
Example 1
» data format configuration (SCTRL/H): the same as in the Example 1
» data transmission control (TCSRL/H): the same as in the Example 1
» protocol-related information (PCR):
— sample mode: one sample point (SDM=0)
stop bit: one stop bit (STPB=0)
sample position: SP=7
pulse length: PL=0 (the 0 level is during the complete bit time with bit '0’)
enable collision detection: CDEN=1 and assign it to the interrupt point SR2
(INPRH=0x0002)
» parity mode (CCR): PM=0, the parity bit is not used
» interrupt configuration:
— configure the interrupt control register (U2C0_2IC) for collision detection
* input/output pin configuration
— input P3.1: P3_IOCR01=0x0020 (direct input with pull-up)
— output P3.0: P3_IOCR00=0x00D0 (ALT1, open-drain)
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3.3 IrDA Mode

3.3.1 Introduction

IrDA (Infrared Data Association) is a communications protocol standard and has a widely
use in personal area networks. IrDA data communications operate normally in a half-
duplex mode. For the transmission rates the IrDA has 3 different encodings (SIR, MIR
and FIR). SIR (serial infrared) covers transmission speeds normally supported by using
a standard UART port (9600 bits/s...115,2 kbits/s).

the asynchronous data format in IrDA mode is shown in Figure 8.

UART Frame
8 Data Bils
Siart Slop
Eit \ Eit
o 1 o 1 o 0 1 | 1 o 1
1
IR Frarms
& Data Bils
Sitart Slop
Eit Eit
o " 1 o " 1 a o 1 1 o 1
T T
Bit Tirme 172-0it Time
Pulea Widlh =
A E-bit Tirme

jor var@ble length)

Figure 8 IrDA data frame encoding/decoding

According to the IrDA specification, the signal generated in SIR is as follows:

— on logic '1’ the LED is off

— onlogic’0’ a pulse is created, starting from the center of the bit duration and lasting
3/16 of bit duration or 1,6us (3/16 bit times at 115,2 kbps), depending on the
current settings

The USIC module in XE166/XC2000 family provides an IrDA SIR encoder for ASC
transmitter. For the IrDA pulse generation the length of the ‘0’ at the output signal can be
configured by bit field PL in PCRL register.

Note: The difference to the IrDA specification is that in USIC the O-pulse always starts
at the beginning instead of in the middle of the bit time. USIC can select the IrDA
transmit polarity via bit DOCFG in register SCTRL.
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3.3.2 SW Configuration for IrDA Mode

Configuration the ASC with the pulse shape with the settings according to the IrDA
specification (pulse length =3 tq, 1 bit time=16 tq)

— standard ASC signal (ensured by programming PCRH.PL=000b)
bit value 0: the ’0’ level during the complete bit time
bit value 1: the ’1’ level during the complete bit time
— IrDA signal (ensured by programming PCRH.PL!=000b)
bit value 0: 0 pulse (pulse length = PL), the remaining tq are driven with ’1’ level
bit value 1: the ’1’ level during the complete bit time
Example 3: fgyg=80MHz, baud rate=19200Baud, U2CO0, full-duplex communication

* input stage and output signal
— input stage (DXOCR):
DX0(DX0B)=DIN=P3.1(RxD): DPOL=1 (input signal is inverted), INSW=0 (PPP
used)

Note: For the configuration in IrDA mode to receive data frame, the signal polarity of the
input signal should be inverted (set bit DPOL in register DXOCR).

— output signal:
TxD=DOUT=P3.0

* baud rate generation and the PPP configuration (BRGL/H, FDRL): the same as in
Example 1
» data format configuration:
— data shift control (SCTRL): TRM=01b, DOCFG=1 (DOUT inverted), PDL=1,
SDIR=0 (LSB first)
— word and frame length (SCTRH): WLE=7, FLE=7
» data transmission control (TCSRL): the same as in Example 1
» protocol-related information (PCR):
— sample mode: one sample point (SDM=0)
— stop bit: one stop bit (STPB=0)
— sample position: SP=1
— pulse length: PL=2
« parity mode (CCR): PM=0, her the parity mode is not used
» interrupt configuration: not used
* input/output pin configuration
— output P3.0: P3_IOCR00=0x0090 (ALT1, push-pull)
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Start

bit 1 0 1 0
Standard ASC signal 0

Stop
1 0 bit

o
N

BRGL.DCTQ = 15
PCRH.PL =2
SCTRL.DOCFG=0 -

IrDA signal:
BRGL.DCTQ =15
PCRH.PL =2
SCTRL.DOCFG=1

Figure 9 SW Generated IrDA Signal
3.4 LIN (Local Interconnect Network)

3.4.1 Introduction

LIN is a low cost serial asynchronous communication system. The communication is
based on the single-wire UART interface. The LIN bus is master-slave bus system with
a single master and multiple slaves. The maximum transmission speed is 20 kbps. The
low cost bus has been widely used in automotive system.

Master Contral Lnit Sleve Sontrol Unit Slave Conted Linit Elava Centrol Unil

[ sawtask | [ swamisk | [ sawrex |

| | BUS |

Figure 10 LIN Bus with one Master and Slave Nodes

A LIN cluster consists of one master task and several slave tasks. A master node
contains the master task as well as a slave task. All other slave modes contain only a
slave task.
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The master task decides when and which frame shall be transferred on the bus. The
slave tasks provide the data transport by each frame.

e Frame siot -
Frame Inter-

B Response . u".f?aﬁzi

- Header I e Response o L2PECS,

VAW TV T T TV L

Break Synch Protected Dala 1 Dala2 DalaN Checksum
identifier

Byle field

Start JL5B MSE {Stop
bit (bt O {bit 7F bit

Figure 11 LiN Data Frame

The structure of a frame is shown in Figure 11. The frame is constructed of a break
followed by four to eleven bytes fields. Each byte field is transmitted as a serial byte. The
LSB of the data is sent first.

The master task is responsible for sending out a Break symbol, a one-byte Synch field,
a one-byte identifier. The slave task will then respond to that identifier with 2, 4, or 8 data
bytes, followed by a single-byte checksum. In LIN bus an identifier addresses a function,
not a specific slave node.

» Break symbol is used to signal the beginning of a new frame. It is always generated
by the master task and shall have at least 13 bits of dominant value (°0’), including
the start bit, followed by a break delimiter with at least 1 nominal bit ('1’).

» Synch byte is a byte field with the data value 0x55. The slave node uses it for the
baudrate detection.

» Protected identifier consists of the identifier (bit 0-5) and the identifier parity (bit 6-7).

* Checksum contains the inverted 8 bit sum with carry over all data bytes and the
protected identifier.

3.4.2 USIC for LIN Communication

In order to support the LIN protocol, USIC implements the features like

» synchronization break detection (PSR.SBD) and the corresponding protocol interrupt

* baud rate measurement mode (BRGL.TMEN=1)

» automatic frame length control (TCSRL.FLEMD=1). With this setting the bit field
SCTRL.FLE will be updated when new data is loaded to register TBUF. This function
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can be used in all protocols to dynamically change the data frame length between 1
and 32 data bits per data frame.

3.4.3 SW Configuration for LIN Master Task

Example 4:
fsys=80MHz, baud rate=19200Baud, U2CO0 with external connection

Attention: the standard connection between pin TxD/RxD of Mircocontroller and LIN
bus uses LIN transceiver. In this example an alternative solution based on
single wired structure is used.

* input stage and output signal
— input stages (DXxCR):

DX0(DX0B)=DIN=P3.1(RxD): DPOL=0 (not inverted), INSW=0 (PPP used)
DX1(DX1B)=collision detection=DOUT=P3.0(TxD)

— output signal:

TxD=DOUT=P3.0

* baud rate generation and the PPP configuration (BRGL/H, FDRL)
— normal divider (FDRL): DM=1, STEP=764
— baud rate generator: PCTQ=0, DCTQ=15, PDIV=0, CTQSEL=0, PPPEN=0

fasc=80,000 x (1/(1024-764)) x (1/1) x (1/1) x (1/16) = 19,231kbps (real value)

» data format configuration (SCTRL/H)
— data shift control (SCTRL):

TRM=01b, DOCFG=0(DOUT not inverted), PDL=1, SDIR=0 (LSB first)

— word and frame length (SCTRH): WLE=12, FLE=12
» data transmission control (TCSRL)
— use TBUF single shot mode (TDEN=1, TDSSM=1)
— enable the automatic update of FLE (FLEMD=1)
» protocol-related information (PCR):
— enable collision detection: CDEN=1 and assign it to the interrupt point SR1
(NPRH.PINP=01b)
« parity mode (CCR): PM=0
* interrupt configuration
— configure the interrupt control register (U2C0_1IC) for collision detection
* input/output pin configuration
— input P3.1: P3_IOCR01=0x0020 (direct input with pull-up)
— output P3.0: P3_IOCR00=0x00D0 (ALT1, open-drain)
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34.4 SW Configuration for LIN Slave Task
Example 5:
fsys=80MHz, baud rate=19200Baud, U2C1 with external connection

input stage and output signal
— input stages (DXxCR):

DX0(DX0B)=DIN=P3.7(RxD): DPOL=0 (not inverted), INSW=0 (PPP used)
DX1(DX1B)=collision detection=DOUT=P3.6(TxD)

— output signal:

TxD=DOUT=P3.6

baud rate generation and the PPP configuration (BRGL/H, FDRL): the same as in
Example 4

data format configuration (SCTRL/H):

— data shift control (SCTRL):

TRM=01b, DOCFG=0 (DOUT not inverted), PDL=1, SDIR=0 (LSB first)

— word and frame length (SCTRH): WLE=7, FLE=7

data transmission control (TCSRL):

— use TBUF single shot mode(TDEN=1, TDSSM=1)

— disable the automatic update of FLE (FLEMD=0)

protocol-related information (PCR): the same as Example 4

— enable collision detection: CDEN=1 and assign it to the interrupt point SR1
(INPRH.PINP=01b)

— enable synchronization break detection (SBIEN=1)

parity mode (CCR): PM=0

interrupt configuration:

— configure the interrupt control register (U2C1_1IC) for collision and break
detection

input/output pin configuration

— input P3.7: P3_IOCR07=0x0020 (direct input with pull-up)

— output P3.6: P3_IOCR06=0x00D0 (ALT1, open-drain)
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4 SSC (Synchronous Serial Channel) Mode

4.1 SSC for Full-Duplex Communication

A full-duplex system allows communication in both direction at the same time. A
synchronous data transfer is characterized by a simultaneous transfer of a shift clock
signal together with the transmit and receive data signal.

250 communication master S50 communication slave

DOUT o
[ ] o o~ Wi
DOUT
[ Jeoofe{emesie e o
— scLkout [ | SCLKIN
e O L
T SELOx | SELIN

Tfs,'s imaster) Tfs-_.», (slave)

Figure 12 SSC Signal Connection for Full-Duplex Communication

411 Input/Output Stages and the Protocol Pre-Processor

Master mode

In SSC master mode the protocol pre-processor (PPP) covers DX1 and DX2 input
stages. At DX1 the PPP uses the baud rate generator output SCLK directly as input for
the data shift unit and gives the signal SCLKOUT on the shift clock output pin. At DX2
the PPP provides the output MSLS with the SSC specific delay (T\g, Tiw, Ttgand T see
Figure 13, and uses it as input for the data shift unit

* input stages
— shift data input (DXO0): is used as MRST(DIN)
— shift clock input (DX1): optional
— shift control input (DX2): optional
» output signals
— shift data output (DOUT): is used as MTSR
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shift clock output (SCLKOUT): master shift clock. It is provided from the internal
signal SCLK. The internal shift clock SCLK is generated by the internal baudrate
generator. The configuration of SCLKOUT with respect to SCLK has 4 possible
settings (via bits field SCLKCFG in register BRGH)

slave select output (SELOJ[7:0]): slave select signal. It is provided from the internal
MSLS signal. To generate the MSLS signal the bit PCRL.MSLSEN must be set.
The duration of an active MSLS (’1’) consists of the data frame length (FLE) and
SSC specific delay (T\g, Ty, Tig)-

In application the output pin SLEQ[7:0] is usually used as the chip select line (CS)
for SSC device and it has normally an active ’low’ level. In this case the polarity of
the SELO signal has been inverted by set pin SELINV in the register PCR.

Slave mode

In SSC slave mode the protocol pre-processor (PPP) is not used in the input stages.

DX0..

.DX2 signals are directly from the pins DIN, SCLKIN and SELIN.

* input stages:

Note:

Note:

shift data input (DXO0): DIN, is used as MTSR

shift clock input (DX1): SCLKIN. In slave mode, the signal SCLKIN is received from
an external master.

shift control input (DX2): SELIN

Since the data shift unit used internal SCLK signal has an active ’high’ level, if no
SELIN is used, the DX2 stage has to deliver a (permanent) 1-level (by
programming bit field DSEL=111b) to the data shift unit

if a low’ active chip select line (CS) is used as input signal for slave SSC device,
its polarity must be inverted.

» output signals:

41.2

shift data output (DOUT): is used as MRST
shift clock output (SCLKOUT): optional
shift control outputs(SLEO[7:0]): not used

Baud Rate Generation

The baud rate of the SSC is defined by the frequency of the SCLK signal (one period of

fscLk
e in

represents one data bit).
standard SSC application, the phase relation between MCLK and SCLK is not

relevant, the PPP can be switched OFF (PPPEN=0)
baud rate calculation (CLKSEL=0 and fractional divider is used):

- STEP _ 1 1
fselk = fsys X002 *2 * pOIV T 1
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» If the phase relation is requested (e.g. using MCLK as clock reference for external
devices), PPP must be switched ON (PPPEN=1)
baud rate calculation (CLKSEL=0 and fractional divider is used):
1 STEP % 1 % 1

fselk = fsys 3 3022 * 2 * DIV 1

41.3 SSC Frame

If the SSC module is in master mode, the slave select signal (the internal signal MSLS)
is generated automatically by PPP.

o clata frame >

data word O data word 1
e -+l

tranzsmit
ot }):-::]l:ﬂml:-n ofod { on

recejvie
data

MELS  nactve |

SBC_MELE

Figure 13 Standard SSC Frame Format with SCLKCFG=00b

In slave mode, while the internal signal MSLS is inactive, the shift unit does not react
on shift clock edges. This ensures data consistency in the shift unit.

— T\ (leading delay): starts if data is valid for transmission. The first shift clock edge (the
data shift unit always uses the rising edge for data shifting and the latch edge for data
receiving) of SLCK is generated after the leading delay.

— Ty (trailing delay): starts at the end of the last SCLK cycle of a data frame. At the end
point of the training delay the MSLS becomes inactive. It corresponds to the salve hold
time requirements.

— T (next-frame delay): after the next-frame delay has elapsed, the frame is
considered as finished.

— T, (inter-word delay): optionally it can be enabled/disabled by PCRH.TIWEN. it is
used, if a data frame consists of more than one data word.
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In the standard SSC application, like the setup and hold time the T,y and Ty are mainly
used to ensure stability on the input/output lines.

delay time calculation (CTQSEL=10b and CTQSEL1=10b):

od — (PCTQ+1) x(DCTQ+1)

Tld =T fsclk

(PCTQI + 1) x (DTCQ1 + 1)

Tiw = Tnf = Foclk

41.4 SSC Protocol-Related Control and Status Information
PCRL Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DX2T | MELS CcTQ SEL SEL | MELS
EN | EN | - bera PeTat SELT FEM | W | ctr | EN

PCRH Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MCLK ‘Reserved‘ 1I—EI\I<IV | SEL?U:O] |
Table 3 Signification of PCR bits for SSC

bit 0 MSLSEN |MSLS enable

bit 1 SELCTR |select control, normally SELCTRis set to 1, in this case SELO is
directly connected to an external slave device

bit 2 SELINV select inversion

bit 3 FEM frame end mode

bit4-5 |CTQSEL1 |input selection for CTQ

bit6-7 |PCTQ1 divider factor to generate fpp)y

bit 8-12 |DCTQ1 divider factor to generate f;c1o/RCTQ
bit 14 MELSIEN |MSLSIEN interrupt enable

bit 15 DX2TIE DX2T interrupt enable

bit 23-16 |[SELO Select output

bit 24 TIWEN enable inter-word delay T;,,

bit 31 MCLK Master clock enable
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PSR Register
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AF | RIF | TBF | TSIF | DLIF | RSIF DOT | M8 | oxes | wsis

Table 4 Signification of PSR bits for SSC

bit 0 MSLS MSLS status

bit 1 DX2S DX28S status

bit 2 MSLSEV MSLS event detected

bit 3 DX2TEV DX2T event detected

bit 10 RSIF receiver start indication flag
bit 11 DLIF data lost flag

bit 12 TSIF transmit shift flag

bit 13 TBIF transmit buffer flag

bit 14 RIF receive flag

bit 15 AIF alternative receive flag

» SSC general interrupt event:
— RSIF: after the reception of the first data bit of a data word
DLIF: RBUF becomes overwritten
TSIF: after the start of the last data bit of a data word
TBIF: after the start of the first data bit of a data word
RIF: after the reception of the last data bit of a data word
— AIF: is not used
» SSC protocol-specific interrupt events:

— MSLS event: only in master mode, indicates that a data frame has started and/or
has been finished. The status bit MSLSEV is set when the event has been
occurred. Bit MSLS in PSR register indicates the current MSLS status.

— DX2T event: in slave mode the slave select input signal SELIN is handled by
theDX2 stage. This interrupt indicates that a data frame has started and/or has
been finished. The status bit DX2TEV is set when the event has been occurred.
Bit DX2S in PSR register indicates the current DX2S status.

41.5 Master Mode Control

In master mode, if the slave select signal (SELOX) is used (bit PCRL.MSLSEN is set),
this signal indicates the start and the end of a data transfer. Two ways can be selected
for end of frame controlling:
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— with configuration of the data frame length FLE<63 the frame is considered as finished
and remaining data bits in the last data word are not transferred, if the programmed
number of bits per fame is reached within a data word.

— with configuration of the data frame length FLE=63 the frame is considered as finished
and remaining data bits in the last data word are not transferred, if a deactivation of
MSLS is detected within a data word.

In master mode frame transmission/reception can be started when the data in the
transmit buffer TBUF is valid (TCSRL.TDV is set). The internal signal MSLS is set
together with the corresponding event flag (PSR.MSLS) and enters the first leading
delay state. After the delay (T,y) generated by PPP has elapsed, the internal shift clock
SCLK s issued, the data is shift out at the rising edge of SCLK. For every processed data
bit when the falling edge of the shift clock SCLK is reached, the level of the input signal
is lathed.

4.1.6 Slave Mode Control

In the case that the SELIN input signal is used in slave mode, the data frame start/end
detection is based on the edge detection of input DX2 in both transmission and reception
process. Data frame length (SCTRH.FLE) should be set to its maximum value (63).

in the case that the SELIN input signal is not used in slave mode, the data frame length
must be programmed to the known value (FLE<63).

41.7 SW Configuration for Master Mode in Full-Duplex SSC

Example 6: f5ys=80MHz, baud rate=9600Baud, U1C1=maste mode
* input stage and output signal
— input stage (DXOCR):
DX0(DX0B)=DIN=MRST=P0.7: DPOL=0 (not inverted), INSW=1 (PPP not used)
— output signals:
DOUT=MTSR=P0.6

SCLKOUT=PO0.5: the shift clock SCLKOUT=internal SCLK (no delay, no polarity
inversion via SCLKCFG=00b)

SELOO0=P0.4 as chip select line

» baud rate generation and the PPP configuration (BRGL/H, FDRL)
— fractional divider (FDRL): DM=2, STEP=1
— baud rate generator: PCTQ=1, DCTQ=15, PDIV=3, CTQSEL=0, PPPEN=0
fssc=80,000 x (1/1024) x (1/2) x (1/4) = 9,765kBaud (real value)
— Tig=Tig=(15+1) x (1+1) / (80,000 x (1/1024) x (1/4)) = 1,64 ms
» data format configuration
— data shift control (SCTRL):
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TRM=01b, DOCFG=0 (DOUT not inverted), PDL=1, SDIR=1(MSB first)

— word and frame length (SCTRH): WLE=15, FLE=15
» data transmission control (TCSRL): use TBUF single shot mode
» protocol-related information (PCR)
— master slave select signal active: MSLSEN=1
— master slave select signal control: SELCTR=1 (direct select mode)
— SELOx polarity: SELINV=1 (inverted for a low active CS line)
— enable one SEL line (SELOO0): PCRH=00000001b
— delay of Ty and T,: used (PCRL.PCTQ1/DCTQ1=15/1 and PCRH.TIWEN=0)
Tos= (15+1) x (1+1) / (80,000 x (1/1024) x (1/4)) = 1,64 ms
TiW =0
parity mode (CCR): PM=0
» interrupt configuration: not used
input/output pins configuration
— input P0.7=MRST:

PO_IOCR07=0x0020 (direct input with pull-up)

— outputs:

P0.6=DOUT=MTSR: PO_IOCR06=0x0090 (ALT1, push-pull)
P0.5=SCLKOUT: PO_IOCR05=0x0090 (ALT1, push-pull)
P0.4=SELOO: PO_IOCR04=0x0090 (ALT1, push-pull)

41.8 SW Configuration for Slave Mode in Full-Duplex SSC
Example 7: fgys=80MHz, baud rate=9600bps, U1C0O
* input stage and output signal
— input stages (DXxCR):
DXO0(DX0A)=DIN=MTSR=P0.0: DPOL=0 (not inverted), INSW=1 (PPP not used)
DX1(DX0B)=SCLKIN=P0.2: DPOL=0 (not inverted), INSW=1 (PPP not used)
DX2(DX0A)=SELIN=P0.3: DPOL=1 (inverted), INSW=1 (PPP not used)
— output signals:
DOUT=MRST=DOUT=PO0.1

* baud rate generation and the PPP configuration (BRGL/H, FDRL): not needed in
slave mode
» data format configuration
— data shift control (SCTRL): TRM=01b, DOCFG=0 (DOUT not inverted), PDL=1,
SDIR=1 (MSB first)
— word and frame length (SCTRH): WLE=15, FLE=15
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» data transmission control (TCSRL): use TBUF single shot mode (TDEN=1,
TDSSM=1)
« protocol-related information (PCR): not needed for slave mode
» parity mode (CCR): PM=0
* interrupt configuration: not used
* input/output pins configuration
— inputs
P0.0=DIN=MTSR: PO_IOCR00=0x0000 (direct input no pull-up)
P0.2=SCLKIN: PO_IOCR02=0x0000 (direct input no pull-up)
P0.3=SELIN: PO_IOCR03=0x0000 (direct input no pull-up)
— output:
P0.1=DOUT=MRST: PO_IOCR001=0x0090 (ALT1, push-pull)

4.2 SSC for Half-Duplex Communication

In half-duplex mode, only one data line is used. MRST and MTSR are connected
together. One signal is used as input, the other as output, depending on the data
direction.

R

TBUF .

N MTSR MRST\.__/]

Baud rate N N
genetator

/ N/

Slave sel.
generator

Figure 14  Signal Connection for SSC Half-Duplex Communication

In Figure 14 the master mode uses an internal connection with the output pin DOUT,
meanwhile the slave mode uses an external connection between DOUT and DIN pins.
As mentioned in Chapter 3.2 the user SW has to take care about the data direction to
avoid data collision. There are two ways to avoid collisions on the data exchange line
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» only the transmitting channel may enable its transmit pin driver (enable/disable push/
pull drivers)

» devices use open-drain outputs to allow the wired-AND connection in a multi-
transmitter communication

Since the SSC data transfer is synchronized by a simultaneous transfer of a shift clock
signal together with the transmit and receive data signal, the dummy data of the register
TBUF in slave mode should be prepared as all 1s.

4.3 End-of-Frame Control (CS Signal Inactive Control)

In USIC the number of bits for each data word (max. 16 bits) as well as the number of
bits for each frame (max. 64) to be transferred can be individually regulated.

The flexible frame length control is very useful for the SW implementation for SPI
communication. USIC provide generally two control modes.

» bits field SCTRH.FLE<63 means that frame has a known length. The MSLS signal is
not necessarily required to indicate the start and the end data frame via SW setting
bit TCSRL.SOF and TCSRL.EOF. See Example 10

» bits field SCTRH.FLE=63 means that the number of bits per data frame is not known.
This method can be used for frame with more than 63 data bits.
— method with SW setting bit SOF, see Example 11
— method with WLEMOD=1, see Example 13

With every frame start the frame start signals (TCSRH.TSOF and RBUFSR.SOF) are
issued, the protocol divider and transmit time quanta count is reset, the MSLS signal is
set together with the flag PSR.MSLS, the frame length kept constant while a data frame
is transferred. The word length is updated with the start of each data word.

After tiy has elapsed delay or for every processed data bit the bit PSR.MSLS is checked.
if the an abort (bit MSLE cleared by SW) is requested by SW, the delay parameter is
activated. MSLS signal becomes inactive after finishing a currently running word transfer
and the delay tyy.

The frame length FLE is checked also for every processed data bit. If the frame counter
reaches the configured value (FLE<63), the delay parameter is activated. MSLS signal
becomes inactive after finishing a currently running word transfer and the delay tyy.

The WLE is checked for every processed data bit.

« ifitindicated as last word MSLS signal becomes inactive after the delay ty.

« ifitis not the last word the inter word delay, data valid flag and SW abort request will
be checked. if none of the above conditions is met the HW enters 'wait for data valid’
state.

Note: this wait state has to be entered normally if a short word length (WLE=2 bits) is
used at high baud rates in the case that a word has been completely shifted but
the TDV is not updated yet.

Application Note 37 V 2.0, 2008-12



O
Infineon XE166/XC2000 USIC Getting Started

SSC (Synchronous Serial Channel) Mode

4.3.1 AT25128 Introduction

On the XC2000/XE166 easy board a 128Kbit AT25128 EEPROM is equipped. In this
section some End-of-Frame control methods will be discussed.

Table 5 Instruction Set for the AT25128

Instruction Name Instruction Format Operation

WREN 0x06 set write enable latch

RDSR 0x05 read status register

READ 0x03 read data from memory array
WRITE 0x02 write data to memory array
WRDI 0x04 reset write enable latch
WRSR 0x01 write status register

The AT25128 utilizes an 8-bit instruction register. It is enabled through the chip select
pin and accessed via a 3-wire interface consisting of data input SI, data output SD and
clock SCK. Because the SCK is always an input, the AT25128 always operates as a
slave. The list of their instructions and operation codes (OP_Code) are contained in
Table 5. All instruction, addresses and data are transferred with MSB first and start with
a high-to-low CS signal. For detailed information please refer the AT25128 data sheet.

Figure 15 shows EEPROM programming sequences used in this example.

Phase write enable read status write data byte into address read data byte into address

e ] [ 1 [ [

SCK

sl 44{ oP %444{ oP
(WREN) (RDSR)

oP
(READ)

8-bit
add_H

8-bit
add_L

dummy }7

8-bit ‘ 8-bit

Add_H | Add_L ‘ data

oP
dummy (WRITE)

S0 High impedance ot High impedance ot
OP_code: WREN (set write enable latch) = 0x06
OP_code: RDSR (read status register) = 0x05, 8-bit read data = 0x02 means ,write enabled’

OP:code: WRITE (wrtie data to memory array) = 0x02
OP_code: READ (read data from memory array) = 0x03

Figure 15 Write and Read one Data Byte into and from AT25128

EEPROM programming contains the following processes.

» read sequence: after the CS line is pulled low the read command is transmitted via
the Sl line followed by the 16-bit byte address to be read.

» write sequence:
— first the EEPROM must be initialized to be 'write enabled’ via WREN instruction.
— then a write instruction may be executed.
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— a write instruction requires the following sequence: CS is pulled low, write
instruction is transmitted via Sl line followed by 16-bit address and 8-bit data to be

programmed.
tag
E H
v,
tags | =]J I‘——" =T
Wy — — —
SCK (7] twn,

WV
Vi

FOUIANY GEETED LA ¢ T

]

1]
o
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Figure 16 AT25128 Synchronous Data Timing Diagrams

To program the EEPROM successfully following issues have to be considered:

regarding the AT25128 data timing showed in Figure 16 the clock signal from
XC2000 (SCKLOUT) should be configured with delay by 1/2 shift clock period with
no polarity inversion (SCLKCFG=10b). whereas the first data bit is transmitted 1/2
shift clock period before the first rising edge of SCLKOUT.

during execution of each AT25128 instruction command the CS signal must be kept
low (active state). CS going high while each instruction will interrupt this command
sequence and a new CS falling edge is required to start the instruction sequence
again.

by the configuration of USIC SSC the leading delay T4, trailing delay Ty and next-
frame delay T, (see Table 13) must met the AT25128 parameter tcgs, tcsy and tes.
In the example

tId = 1,64 ms
tyg = 1,64 ms
thf= 1,64 ms

tiw = 0 (via PCRH.TIWEN=0b)
another to be checked is SPI timing parameter.

In XC2000/XE166 family the SSC master mode can run with max. baud rate fgys/
2=40Mbaud (@fsys=80MHz). For slave mode the SCLK signal don't have to synchronize
and can be used directly. Therefore, the max. theoretical baud rate is 40Mbaud
(@fsys=80MHz). In master mode 5V operating range the XC2000 requires (please refer
to the data sheet for details)
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— t4 input data (MRST) setup time before latch edge: min. 31 ns

— tg input data (MRST) hold time after latch edge: min. -7 ns
and provides

— t3 transmit data output valid time: min. -6 ns -- max. 13 ns

USIC module needs 2 clock cycles pro bit. If the input data should be sampled in parallel
the above setup time must be considered and it restricts the maximum baudrate (1/80ns
= 12,5MBuad). In application the input/output driver and propagation delays have to be
taken into consideration. If the filter structure is selected in the input stage of USIC, it will
have an additional delay.

The AT25128 timing parameters as described in Table 6
Table 6 AC Parameters for the AT25128 (Operating Voltage = 5V)

Symbol Parameter

tcss CS setup time (min.) 100ns
tcsH CS hold time (min.) 150ns
tcs CS high time (min.) 150ns
tsu Data_In setup time (min.) 30ns
tH Data_In hold time (min.) 50ns
ty Output valid (max.) 150ns
tho output hold time (min.) Ons
twh/twi SCK high/low time (min.)150ns

In this example pro bit = 104us (9600pbs):

— MISO(DIN) signal:

the setup time t4, and hold time tg are important times because they specify the
requirements the XC2000 has on the interface of the slave. These times determine how
long before the clock edge the slave has to have valid output data ready and how long
after the clock edge this data has to be valid. If the setup and hold time are long enough
the slave (transmit data) suits to the requirements of the XC2000 (receive data).

AT25128 provides data output valid time t;, = min. 0 ns - max 150ns. In this example, the
real setup time (104/2us - 150ns(ty) >> 31ns(t4)) are long enough and it means AT25128
suits to the requirements of the XC2000.

— MOSI(DOUT) signal:

the time t3 specifies the minimum time the XC2000 has valid output data ready before
the clock edge occurs and the maximum time after which the XC2000 outputs the next
data bit.

to check if the XC2000 suits to the requirements of the slave the XC2000 time t3 must
be compared to the AT25128 setup time tgy (30ns). If the setup and hold time of
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transmitter are long enough XC2000 (transmit data) suits to the requirements of
AT25128 (receive data)

4.3.2 EEPROM Programming

In this section we use a very simple data write and read sequence as example and
explain the important issues and timing parameters to be considered by EEPROM
programming. In this example different alternate End-of-Frame control mechanisms
implemented in USIC module will be discussed step by step.

Example 10: End-of-Frame handling is controlled by SCTRH.FLE.

If the number of bits per frame (<63 bits) is known in the application bits FLE can be set
with a fixed value. The initialization routine is the same in Example 6.

» data format configuration
— word and frame length in phase 'write enable’: WLE=7, FLE=7
— word and frame length in phase ’read status’: WLE=15, FLE=15
— word and frame length in phase 'write data byte into address’: WLE=7, FLE=31
— word and frame length in phase 'read data byte from address’: WLE=7, FLE=31
» interrupt configuration: not used (polling system)

Note: flag RIF (bit_14 in PSR) is used to check whether the data word has been
received.

Note: in XC2000 the flag AIF (bit_15 in PSR) is not defined, whereas in XC2000M this
flag is indicated for the reception of the first word in a frame.

Note: in the example bit PCRL.FEM is set to 0 that means “an end of frame is assumed
if the transmit buffer TBUF does not contain valid transmit data at the end of a data
word transmission (TCSRL.TDV = 0 or in Stop Mode)”. In this case, if single step
is called in debug tool and TBUF runs empty, then CS is brought to high.
Therefore, it is recommended to set bit PCRL.FEM while debug mode is activated
in code verification phase.

Example 11: use SW-based Start-of-Frame indication SOF, FLE must be set to 63.

» data format configuration
— word and frame length in phase 'write enable’: WLE=7, FLE=63
— word and frame length in phase 'read status’: WLE=15, FLE=63
— word and frame length in phase 'write data byte into address’: WLE=7, FLE=63
— word and frame length in phase ‘read data byte from address’: WLE=7, FLE=63

» interrupt configuration: not used (polling system)

» TBUF date transfer without FIFO

* bit TCSRL.SOF has to be set before writing OP_Code of EEPROM to TBUF in all four
phase to generate a newly start MSLS signal after a current data word transfer has
been finished completely and delay tiy has been elapsed.

Note: bit End-of-Frame flag TCSRL.EOF has a similar functionality like bit TCSRL.SOF.
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Note: due to the bug USIC_AI.003 (refer to the errata sheet) bit TCSRL.EOF and
TCSRL.SOF must be cleared by software if the example code runs in XC2000 and
XE166 derivatives. This bug has been fixed in XC2000M/XE 166M devices.

Example 12: use explicit End-of-Frame by software (reset bit_0 of register PSCR)

This write action immediately clears bit PSR.MSLS, whereas the SELOXx signal becomes
inactive after finishing a currently running word transfer (with the delays Tyq).

» data format configuration is like in Example 11
Example 13: use automatic update by data handler via WLEMD=1

if TCSRL.WLEMD=1, the Word Length Control bit SCTRH.WLE and SCTRL.EOF are
updated with TCI (Transmit Control Information). Using this feature the USIC can
dynamically control the data word length between 1 and 16 data bits per data word.
Additionally, SSC master mode can control CS signal to finish data frames.

initialization routine is the same as in the Example 10.
U1C1_TCSRL.WLEMD=1
U1C1_TCSRH.FLE=max.=63, U1C1_TCSRH.WLE=don’t care

» data word length controlled by TCI[4-0]:
— phase 'write enable’: (8_bit with End-of-Frame)

U1C1_TBUF23=EEPROM_CM_WREN

— phase 'read status’: (16_bit with End-of-Frame)
U1C1_TBUF31=EEPROM_CM_READ_STATUS<<8| EEPROM_WRITE_DUMMY

— phase 'write data byte into address’:
U1C1_TBUF7=EEPROM_CM_WRITE (8_bit without End-of-Frame)
U1C1_TBUF7=EEPROM_ADDRESS_HIGH (8_bit without End-of-Frame)
U1C1_TBUF7=EEPROM_ADDRESS_LOW (8_bit without End-of-Frame)
U1C1_TBUF23=EEPROM_WriteData (8_bit with End-of-Frame)

— phase 'read data byte from address’:
U1C1_TBUF7=EEPROM_CM_WRITE (8_bit without End-of-Frame)
U1C1_TBUF7=EEPROM_ADDRESS_HIGH (8_bit without End-of-Frame)
U1C1_TBUF7=EEPROM_ADDRESS_LOW (8_bit without End-of-Frame
U1C1_TBUF23=EEPROM_WriteData (8_bit with End-of-Frame)

» interrupt configuration: not used (polling system)
» data FIFO is not used

Note: in this example we can also write transmit data to the FIFO registers
U1C1_IN[31:0] instead of registers U1C1_TBUF[31:0]. In this case, the FIFO-
based address related End-of-Frame handling is used and we will get the same
behavior.
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Note: bits TBCTRH.SIZE (buffer size) must be set to >0 in order to allow to write the
FIFO input registers lu1C1_IN[31:0].

Example 14: use PECx in EEPROM data transfer process.

In this example byte transfer is used in ‘write’ and 'read’ phase. The receiver interrupt
(RI) is enabled and assigned to the output line SR2. The receiver start interrupt (RSI) is
enabled and assigned to the output line SR1

- PEC2 is defined as RSI (receiver start interrupt) for loading data to the transmit buffer,
byte transfer with PEC transfer count = 4

- PEC3 is defined as RI (receiver interrupt) for data receive and store data, byte transfer
with PEC transfer count = 4

» data format configuration
— word and frame length in phase 'write data byte into address’: WLE=7, FLE=31
— word and frame length in phase ‘read data byte from address’: WLE=7, FLE=31

Note: using this code for XC2000M device the Al (alternative interrupt) must be enabled
and assigned to SR2.

44 Multiple MSLS Output Signals Generation

The SSC module supports up to 8 different SELOx output signals for master mode
operation in one USIC module. USIC provide generally two configuration modes to
select the MSLS signal.

« direct control mode: write PCRH.SELO[7:0] as individual value for each SELOx line
+ automatic update mode: it is enabled by TCSRL.SELMD=1. In this case,
PCRH.SELOI[4:0] is updated with TCI[4:0] and PCRH.SELO[7:5] is always '0’.

Each USIC module has the transmit buffer input locations TBUFx (x=00-31) which is
addressed by using 32 consecutive addresses. If TCSRL.SELMD=1 data written to one
of these locations will appear in a common register TBUF, additionally, the 5-bit TCI[4:0]
coding will be updated accordingly. The relationship between TBUFx, TCI[x] and MSELx
is listed in Table 7.

Table 7 MSLS Signals in Automatic Update Mode

Write to TBUFx TCI[4:0] PCRH.SELOJ[7:0] SELOx signals
TBUFO01 00001, 0000,0001, SELOO active
TBUFO02 00010y, 0000,0010, SELO1 active
TBUF04 00100, 0000,0100, SELO2 active
TBUFO08 01000, 0000,1000, SELO3 active
TBUF16 10000, 0001,0000, SELO4 active
TBUF03 00011, 0000,0011, SELOO0/1 active
TBUF07 00111, 0000,0111, SELOO0/1/2 active
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0000,0000,

Example 15: automatic MSLS signals update control
U1C1_SELOOQO: pin 0.4, ALT1 output, PO_IOCR04 = 0x0090
U1C1_SELO1: pin 0.3, ALT2 output, PO_IOCRO03 = 0x00A0

Note: in this example we can also write transmit data to the FIFO registers
U1C1_IN[31:0] instead of registers U1C1_TBUF[31:0]. In this case, the FIFO-
based automatic MSLS update handling is used and we will get the same

behavior.

Note: bits TBCTRH.SIZE (buffer size) must be set to >0 in order to allow to write the
FIFO input register UTC1_IN[31:0].
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Appendix: Source Code

5.1 Example 1

] R R R Rk Rk KRR R R KRR KRR R kKK R KR KRR R KK R
/1 @unction voi d U2CO_ASC_Ful | _Dupl ex_vl ni t (voi d)

/1 @ate 15. 11. 2007

[ EE R K KR KRR KK KK KRR KA KRR KA KKK R KKK KKK F KKK F KK TR F KT A H AR A

void U2C0_ASC Ful | _Dupl ex_vl ni t (voi d)

{

Sys_Protection(0);
U2C0_KSCFG = 3;
Sys_Protection(1);
U2C0_CCR = 0x0000; /1l recommuanded
e R TP
/11 1. baud rate generation and the PPP configuration
/11 baud rate = 19200,
L e e R T LT
U2C0_FDRL=( (uwor d) 2<<14) | (0x312<<0); /1 DMe2 (fractional divider), STEP=0x312
U200_BRGL=( 15<<10) | ( 1<<8) | (0<<4) | (0<<0) ; / / DCTQ=15, PCTQ=1, PPPEN=0, CLKSEL=0
U2C0_BRGH=( 0<<14) | (0<<13) | (99<<0); /| SCLKCFG=0, MCLKCFG=0, PDI V=99
L e e R T LT
/11 2. Configuration of the U2CO Input Control Register
e R TR
/'l CM SFSEL DPOL DSEN DFEN I NSW  DESL
U2C0_DXOCR=( (0<<10) | (0<<9) | (0<<8) | (0<<6) | (0<<5)| (0<<4)| (1<<0)); //P3.1(DX0B)
L R R T LT
/11 3. Data format: shift control signal, word/franme |length control
e R TR
11/ TRM=01b( ASC) DOCFG PDL SDI R=0(LSB first)
U2C0_SCTRL = (1 << 8) | (0 << 6) | (1 <<1) | (0<<0);
U2C0_SCTRH = (7 << 8) | (7 << 0); //WE=7, FLE=7;
L e R R T R
/11 4. data transm ssion control (TBUF single shot node)
N e R TR
/1 TDEN=1 TDSSM=1
WC0_TCSRL = (1 << 10) | (1 << 8);
U2C0_TCSRH = 0x0000;
e R TR
11 5. protocol -related information
/1 CTR 0] SMD sanpl e node
/1 CTR 1] STPB stop bit
/1 CTR 2] | DM idle detection node
/1 CTR 3] SBI EN Sync. -Break Interrupt Enable
/Il CTR 4] CDEN Col l'i sion Detection Enable (for half-duplex node)
/'l CTR[ 5] RNI EN Recei ver Noi se Detection Interrupt Enable
/Il CTR 6] FEI EN Format Error Interrupt Enable
/1 CTR 7] FFI EN Frame Finished Interrupt Enable
/1 CTR[8-12] SP Sanpl e Position
/1 CTR 13-15] PL Pul se Length
/'l CTR[ 31] MCLK master clock enable
N e R TR
Il PL SP FFI EN FFI EN RNI EN CDEN SBI EN | DM STPB SMD

U2C0_PCRL=( 0<<13) | (7<<8) | (0<<7) | (0<<6) | (0<<5) | (0<<4) | (0<<3) | (0<<2) | (0<<1)| (0<<0);:

U200_PCRH=( 0<<15); // MCLK not used

N e R TR
/11 6. Configuration of the interrupts point and interrupt control registers
N e R TR
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/1 AlNP=SRO, RINP=SRO, TBI NP=SR0, TSI NP=SR0

U2C0_INPRL = (0 << 12) | (0 << 8) | (0 << 4) | (0 << 0);

U2C0_INPRH = (0 << 0); //PINP=SRO

U2C0_0IC = (0x80 * O + Ox40 * 0 + ((10 << 2)|0)); //IR=0, IE=0, |LVL=10, GPX=0
U200_11C = (0Ox80 * 0 + Ox40 * 0 + ((10 << 2)|1)); //IR=0, 1E=0, ILVL=10, GPX=1
U200 21 C = (0Ox80 * 0 + Ox40 * 0 + ((10 << 2)|2)); //IR=0, 1E=0, |LVL=10, GPX=2
L e

/11 7. Configuration of the U200 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

2
/1 AIEN=0, RIEN=0O, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

U2C0_CCR = (0 << 15)| (0 << 14)| (0 << 13)|(0 << 12)|(0 << 11)| (0 << 10);
U2C0_CCR | = (0 << 8); // PM=0(no parity generation)
U2C0_CCR | = 0x0002; /'l active ASC node
2
/11 8. input/output pins configuration
e e
P3_1 OCROO = 0x0090; // P3.0=output(ALT1 Push/pull)

}

//k*kkk*kk*kk**kkk*kkkk*******************************************************

/1 @unction voi d Sys_Protection(int)

/11 @ate 15. 11. 2007

] KRRk kK kK K Kk Kok R Kk Rk R KR K K R KR Kk R R K Kk R R Kk Kk Rk Rk Kk

void Sys_Protection(int on_off)

if( on_off )
{
SLC = Oxaaaa;
SLC = 0x5554;
SLC = 0x96ff;
SLC = 0x1800;
}
el se
{
SLC = Oxaaaa;
SLC = 0x5554;
SLC = 0x96ff;
SLC = 0x0000;
}
}
5.2 Example 2
//k*k*kk*kk*kk*kk*kk*kk*******************************************************
/1 @unction voi d U200_ASC_Hal f Dupl ex_vlI ni t (voi d)
1/ @ate 15. 11. 2007

M o
voi d U200_ASC_Hal f _Dupl ex_vI ni t (voi d)
{

Sys_Protection(0);

U2C0_KSCFG = 3;

Sys_Protection(1);

U2C0_CCR = 0x0000; /1 reconmanded
L e e
/11 1. baud rate generation and the PPP configuration

/11 baud rate = 19200,
2 e
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U2C0_FDRL=( (uwor d) 2<<14) | (0x312<<0); /1 DMe2 (fractional divider), STEP=0x312
U200_BRGL=( 15<<10) | ( 1<<8) | (0<<4) | (0<<0); //DCTQ=15, PCTQ=1, PPPEN=0, CLKSEL=0
U2C0_BRGH=( 0<<14) | (0<<13) | (99<<0); /1 SCLKCFG=0, MCLKCFG=0, PDI V=99

L e

/11 2. Configuration of the U2C0 I nput Control Register
e R TR

eV SFSEL DPOL DSEN DFEN I NSW  DESL
U200_DXOCR=( ( 0<<10) | (0<<9) | (0<<8) | (0<<6) | (0<<5) | (0<<4) | (1<<0));// P3. 1( DXOB)
/1 if the internal connection is used DESL=0b // P3.0(DX0A)
U2C0_DX1CR=(( 0<<10) | (0<<9)| (0<<8)| (0<<6)| (0<<5)| (0<<4)|(0<<0));//P3.0 colliion

2

/11 3. Data format: shift control signal, word/frane | ength control

e e
// TRMEO1b(ASC)  DOCFG PDL SDI R=0(LSB first)

U200_SCTRL = (1 << 8) | (0 <<6) | (1<<1) | (0<<0);

U200_SCTRH = (7 << 8) | (7 << 0); //WE=7, FLE=7,

e R TP

/111 4. data transm ssion control (TBUF single shot node)

L e
/1 TDEN=1  TDSSM:1

WC0_TCSRL = (1 << 10) | (1 << 8);

U2C0_TCSRH = 0x0000;

L e

11 5. protocol-related information

/1 CTR[ 0] SMD sanpl e node

/1 CTR 1] STPB stop bit

/Il CTR 2] | DM idle detection node

/Il CTR 3] SBI EN Sync. -Break Interrupt Enable

/1 CTR[ 4] CDEN Col l'i sion Detection Enable (for half-duplex node)

/1 CTR[ 5] RNI EN Recei ver Noi se Detection Interrupt Enable

/1 CTR[ 6] FEI EN Format Error Interrupt Enable

Il CTR 7] FFI EN Frame Finished Interrupt Enable

/1l CTR[8-12] SP Sanpl e Position

/1 CTR[13-15] PL Pul se Length

/1 CTR[31] MCLK master clock enable

L e

/1 PL SP FFIEN FFIEN RNIEN CDEN SBIEN |IDM STPB  SMD
U2C0_PCRL=(0<<13) | ( 7<<8) | (0<<7)| (0<<6) | (0<<5)| (1<<4)| (0<<3)| (0<<2)]| (0<<1)]| (0<<0);
U2C0_PCRH=( 0<<15); // MCLK not used

e e

/11 6. Configuration of the interrupts point and interrupt control registers

e e
/1 Al NP=SRO, RI NP=SRO, TBI NP=SR0, TSI NP=SR0

U2C0_INPRL = (0 << 12) | (0 << 8) | (0 << 4) | (0 << 0);

U2C0_INPRH = (2 << 0); //PINP=SR2 for collision detection

U2C0_0IC = (0x80 * O + Ox40 * 0 + ((10 << 2)|0)); [//IR=0, IE=0, ILVL=10, GPX=0
U2C0_11C = (0x80 * O + Ox40 * 0 + ((10 << 2)|1)); [//IR=0, I1E=0, ILVL=10, GPX=1
U200 21 C = (Ox80 * 0 + Ox40 * 1 + ((10 << 2)|2)); //IR=0, 1E=1, ILVL=10, GPX=2
N e R TR

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

2
/1 AIEN=0, RIEN=O, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

U2C0_CCR = (0 << 15)| (0 << 14)| (0 << 13)|(0 << 12)|(0 << 11)| (0 << 10);

U2C0_CCR | = (0 << 8); // PM=O(no parity generation)

UZOL)_CCR | = 0x0002; /1 active ASC node

2
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/11 8. input/output pins configuration

R R R
P3_1 OCRO1 = 0x0020; // P3.1=input(pull_up)
P3_1 OCROO = 0x00D0; // P3.0=output(ALT1 open-drain)
}
] R R R R Rk R R KKK KR R KRR KRR KRR R KR KRR R KR R K
/1 @unction voi d U2C0_ASC vi Protocol | (voi d)
Il @ate 15. 11. 2007

[ ] FE KR KRk kK Kk Kk K Kk Kk KRk KR Rk Rk KR Kk Rk KR Rk Rk KR Kk Rk R KR Rk R Kk Kk

_interrupt(U2CO_SRN2) void U2C0_ASC vi Protocol | (voi d)
{

U2C0_PSCR | = 0x0008; /1 clear PSR_COL Col | esion
while(1);
}
] R R R KKKk KK KR R KRR KRR R kKR R KRR KRR K KR R Kk
/'l @unction voi d U2C0_ASC vi Protocol | (voi d)
/1 @pate 15. 11. 2007

[ FE KRR Kk kK Kk Kk K Rk Kk KRk KR Rk Rk KR Kk Rk KR Kk Rk KR Kk Rk R Kk Rk R Kk Kk

_interrupt (U2C1_SRN2) void U2CL1_ASC vi Protocol | (voi d)

U2C1_PSCR | = 0x0008; /1 clear PSR _COL Collesion
while(1);
}
5.3 Example 3
] R R R R Rk R R KKK KRR KRR KRR KRR R KR KRR K KR R Kk
/1 @unction voi d U2CO_ASC Hal f Dupl ex_I rDA_vI nit (void)
/1 @ate 15. 11. 2007

//****************************************************************************
voi d U2C0_ASC Ful | Dupl ex_I rDA_vinit(void)
{

Sys_Protection(0);

U2C0_KSCFG = 3;

Sys_Protection(1);

U2C0_CCR = 0x0000; /'l recommanded
R R
/11 1. baud rate generation and the PPP configuration

/11 baud rate = 19200,

L e R
U2C0_FDRL=( (uwor d) 2<<14) | (0x312<<0); //DME2 (fractional divider), STEP=0x312
U200_BRGL=( 15<<10) | ( 1<<8) | (0<<4) | (0<<0); //DCTQ=15, PCTQ=1, PPPEN=0, CLKSEL=0
U2C0_BRGH=( 0<<14) | (0<<13) | (99<<0); /I SCLKCFG=0, MCLKCFG=0, PDI V=99

L e R

/11 2. Configuration of the U2C0 I nput Control Register
e e

/I CM  SFSEL DPOL DSEN  DFEN INSW DESL
U200_DXOCR =( (0<<10) | (0<<9) | ( 1<<8) | (0<<6) | (0<<5) | (0<<4) | (1<<0)): // P3. 1( DXOB)

e LR TR TP

/11 3. Data format: shift control signal, word/frame |ength control

e LR TR TP
11 TRM=01b( ASC) DOCFG PDL SDI R=0(LSB first)

U2C0_SCTRL = (1 << 8) | (1 <<6) | (1 <<1) | (0<<0);

U200_SCTRH = (7 << 8) | (7 << 0); //WE=7, FLE=7,

e e

/111 4. data transm ssion control (TBUF single shot node)

R R
/1 TDEN=1 TDSSM=1

WC0_TCSRL = (1 << 10) | (1 << 8);
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U2C0_TCSRH = 0x0000;

e LR T e
11 5. protocol-related information

/1 CTR[ 0] SMD sanpl e node

/1 CTR 1] STPB stop bit

/Il CTR 2] | DM idle detection node

/Il CTR 3] SBI EN Sync. -Break Interrupt Enable

/1 CTR[ 4] CDEN Col l'i sion Detection Enable (for half-dupl ex node)

/1 CTR[ 5] RNI EN Recei ver Noi se Detection Interrupt Enable

/1 CTR[ 6] FEI EN Format Error Interrupt Enable

Il CTR 7] FFI EN Frame Finished Interrupt Enable

/1 CTR[8-12] SP Sanpl e Position

/1 CTR[13-15] PL Pul se Length

/1 CTR[31] MCLK master clock enable

L e

// PL  SP FFIEN FFIEN RNIEN CDEN SBIEN IDM STPB  SMD
U2C0_PCRL=(2<<13) | (1<<8) | (0<<7)| (0<<6) | (0<<5)| (0<<4)| (0<<3)| (0<<2)| (0<<1)]| (0<<0);
U2C0_PCRH=( 0<<15); // MCLK not used

e e

/11 6. Configuration of the interrupts point and interrupt control registers

e e
/1 Al NP=SR0, RI NP=SRO, TBI NP=SR0, TSI NP=SR0

U2C0_INPRL = (0 << 12) | (0 << 8) | (0 << 4) | (0 << 0);
U2C0_INPRH = (2 << 0); //PINP=2 for collision detection
U2C0_0IC = (0x80 * O + 0x40 10 << 2 /11 R=0, , ILVL=10, GPX=0

= * 0+ (( )10)); I E=0
U200_11C = (0x80 * 0 + 0x40 * 0 + ((10 << 2)|1)); //I1R=0, 1E=0, ILVL=10, GPX=1
U200_21C = (0x80 * 0 + 0x40 * 0 + (( y12)); //1R=0, IE=1, ILVL=10, GPX=2

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

2
/1 AIEN=0, RIEN=O, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

U2C0_CCR = (0 << 15)| (0 << 14)| (0 << 13)|(0 << 12)|(0 << 11)| (0 << 10);
U2C0_CCR | = (0 << 8); // PM=O(no parity generation)
U2C0_CCR | = 0x0002; /1 active ASC node
2
/11 8. input/output pins configuration
e e
P3_1 OCROO = 0x0090; // P3.0=output(ALT1 Push/pull)

}

5.4 Example 4

] R R R Rk Rk KRR R KRR KRR KRR R KR KRR KRR R

/'l @unction void U2C0_LI N_Master_vlnit(void)

/1 @pate 15. 11. 2007

//kkk*k*kkk*k*kkk**kkkk*******************************************************
voi d U2C0_LI N_Master_vlnit(void)
{

Sys_Protection(0);

U2C0_KSCFG = 3;

Sys_Protection(1);

U2C0_CCR = 0x0000; /1 reconmanded
e e
/11 1. baud rate generation and the PPP configuration

/11 baud rate = 19200,

/11 fasc=80000 x 1000 /(1024-STEP) / (PDIV+1) / (PCTQ+l) / (DCTQ+l) = 19231
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N e R TR
U2C0_FDRL=( ( (uwor d) 1<<14)| (764<<0)); /1 DMEL(normel divider), STEP=764
U200_BRGL=((15<<10) | (0<<8)| (0<<4)| (0<<0)); //DCTQ=15, PCTQ=0, PPPEN=0, CLKSEL=0
U2C0_BRGH=( (0<<14) | (0<<13)| (0<<0)); /1 SCLKCFG=0, MCLKCFG=0, PDI V=0

N e R TR

/11 2. Configuration of the U2Cl Input Control Register and port pins
R R

// CM SFSEL DPOL  DSEN DFEN I NSW DESL
U200_DXOCR=( (0<<10) | (0<<9) | (0<<8) | (0<<6) | (0<<5)| (0<<4)| (1<<0)); //P3.1(DX0B)
U200_DX1CR=( (0<<10) | (0<<9) | (0<<8)| (0<<6) | (0<<5)| (0<<4)| (0<<0)); //P3.0 colliion

2

/11 3. Data format: shift control signal, word/frane | ength control

e e
// TRMEO1b(ASC)  DOCFG PDL SDI R=0(LSB first)

U200_SCTRL = (1 << 8) | (0 <<6) | (1<<1) | (0<<0);

U200_SCTRH = (12 << 8) | (12 << 0); //WE=12, FLE=12;

e R TP

/111 4. data transm ssion control (TBUF single shot node)

L e
/1 TDEN=1  TDSSM:1 FLEMD=1  W.EMD=0

U2C0_TCSRL = (1 << 10) | (1 << 8) | (1 <<2) | (0 << 0);

U2C0_TCSRH = 0x0000;

L e

11 5. protocol-related information

/1 CTR[ 0] SMD sanpl e node

/1 CTR 1] STPB stop bit

/Il CTR 2] | DM idle detection node

/Il CTR 3] SBI EN Sync. -Break Interrupt Enable

/1 CTR[ 4] CDEN Col l'i sion Detection Enable (for half-duplex node)

/1 CTR[ 5] RNI EN Recei ver Noi se Detection Interrupt Enable

/1 CTR[ 6] FEI EN Format Error Interrupt Enable

Il CTR 7] FFI EN Frame Finished Interrupt Enable

/1l CTR[8-12] SP Sanpl e Position

/1 CTR[13-15] PL Pul se Length

/1 CTR[31] MCLK master clock enable

L e

Il PL  SP FFIEN FFIEN RNIEN CDEN SBIEN IDM STPB  SMD

U2C0_PCRL=(0<<13) | ( 7<<8) | (0<<7)| (0<<6) | (0<<5)| (1<<4)| (0<<3)| (0<<2)]| (0<<1)]| (0<<0);

U2C0_PCRH=( 0<<15); // MCLK not used

e e

/11 6. Configuration of the interrupts point and interrupt control registers

e e
/1 Al NP=SR0O, RINP=SRO, TBI NP=SR0, TSI NP=SR0

U2C0_INPRL = (0 << 12) | (0 << 8) | (0 << 4) | (0 << 0);

U2C0_INPRH = (1 << 0); //PINP=SRl for collision detection and SBIR

U2C0_0IC = (0x80 * O + Ox40 * 0 + ((10 << 2)|0)); //IR=0, IE=0, |LVL=10, GPX=0
U2C0_11C = (0x80 * O + Ox40 * 1 + ((10 << 2)|1)); //IR=0, IE=1, ILVL=10, GPX=1
U2C0_21C = (0x80 * O + 0x40 * 0 + ((10 << 2)|2)); //I1R=0, 1E=0, |LVL=10, GPX=2
N e R TR

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

2
/1 AIEN=0, RIEN=O, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

U2C0_CCR = (0 << 15)| (0 << 14)| (0 << 13)|(0 << 12)|(0 << 11)| (0 << 10);

U2C0_CCR | = (0 << 8); // PM=O(no parity generation)

UZOL)_CCR | = 0x0002; /1 active ASC node

2
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/11 8. input/output pins configuration

R R R
P3_1 OCRO1 = 0x0020; // P3.1=input(pull_up)
P3_1 OCROO = 0x00D0; // P3.0=output(ALT1 open-drain)
}
] R R R R KR KRR R R KRR KRR R kKR R KR KRR R KR R
/'l @unction voi d U2C0_ASC Prot ocol | (voi d)
Il @ate 15. 11. 2007

] FE KRR Kk ko Kk Kk K Rk Kk Rk KR Rk Rk KR R Kk Rk KR Rk Rk KR Rk Rk R KR Rk KR Kk Kk

_interrupt (U2C0_SRN1) void U2CO0_ASC_Prot ocol | (voi d)

U2C0_PSCR | = 0x0008; /1 clear PSR _COL Collesion

while(1);
}
5.5 Example 5
//kk*kk*kk*kk*kk*kk*kkk*******************************************************
/1 @unction voi d U2C1_LI N_Sl ave_vlnit(void)
/1 @ate 15. 11. 2007

M oo
void U2CL1_LIN Slave_vlnit(void)
{

Sys_Protection(0);

U2C1_KSCFG = 3;

Sys_Protection(1);

U2C1_CCR = 0x0000; /'l recommanded
R R
/11 1. baud rate generation and the PPP configuration

/11 baud rate = 19200,

/11 fasc=80000 x 1000 /(1024-STEP) / (PDIV+1) / (PCTQ+l) / (DCTQ+l) = 19231
R R

U2C1_FDRL=( ( (uwor d) 1<<14)| (764<<0)); // DMeL(normel divider), STEP=764
U2C1_BRGL=( (15<<10) | (0<<8)| (0<<4)]| (0<<0)); //DCTQ=15, PCTQ=0, PPPEN=0, CLKSEL=0
U2C1_BRGH=( (0<<14) | (0<<13)| (0<<0)); /1 SCLKCFG=0, MCLKCFG=0, PDI V=0
e LR R T

/11 2. Configuration of the U2Cl Input Control Register and port pins
R R

/'l CM SFSEL DPOL DSEN DFEN I NSW  DESL
U2C1_DXOCR=( (0<<10) | (0<<9) | (0<<8) | (0<<6) | (0<<5)| (0<<4)|(1<<0)); //P3.7(DX0B)
U2C1_DX1CR=((0<<10) | (0<<9) | (0<<8)| (0<<6)| (0<<5)| (0<<4)|(0<<0)); //P3.6 colliion

R R
/11 3. Data format: shift control signal, word/frane | ength control
R LR

// TRMEO1b(ASC)  DOCFG PDL SDI R=0(LSB first)
U2C1_SCTRL = (1 << 8) | (0 << 6) | (1 <<1) | (0 <<O0);
U2C1_SCTRH = (7 << 8) | (7 << 0); //WE=7, FLE=7;
I R R R TR T
/11 4. data transm ssion control (TBUF single shot node)
e e
/1 TDEN=1 TDSSM-1 FLEMD=0 WLEMD=0
WCL_TCSRL = (1 << 10) | (1 << 8) | (0 << 2) | (0 << 0);
U2C1_TCSRH = 0x0000;
I R R R TR T
11 5. protocol-related information
/1 CTR[ 0] SMD sanpl e node
/1 CTR[ 1] STPB stop bit
/Il CTR 2] | DM idle detection node
/Il CTR[ 3] SBI EN Sync. -Break Interrupt Enable
Il CTR 4] CDEN Col l'i sion Detection Enable (for half-duplex node)
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/'l CTR[ 5] RNI EN Recei ver Noi se Detection Interrupt Enable

/Il CTR 6] FEI EN Format Error Interrupt Enable

/11 CTR 7] FFI EN Frame Finished Interrupt Enable

I/l CTR[8-12] SP Sanpl e Position

/1 CTR[13-15] PL Pul se Length

/'l CTR[ 31] MCLK master clock enable
R R

Il PL SP FFIEN FFIEN RN EN CDEN SBI EN | DM STPB SMD
U2CL_PCRL=(0<<13) | (7<<B) | (0<<7) | (0<<6) | (0<<5)| (1<<4) | (1<<3) | (0<<2)| (0<<1)| (0<<0);
U2C1_PCRH=(0 << 15); // MCLK not used

e R TR

/11 6. Configuration of the interrupts point and interrupt control registers

e R TP
/1 ANP=SRO, RINP=SRO, TBI NP=SR0, TSI NP=SR0

U2C1_INPRL = (0 << 12) | (0 << 8) | (0 << 4) | (1 <<0);

U2CL1_INPRH = (1 << 0); //PINP=SR1l for collision detection and SBIR

U2C1_0IC = (Ox80 * 0 + Ox40 * 0 + ((10 << 2)|0)); //IR=0, 1E=0, |LVL=10, GPX=0
U2C1_11C = (0x80 * 0 + 0x40 * 1 + ((10 << 2)|1)); //IR=0, 1E=1, ILVL=10, GPX=1
U2C1_21C = (0x80 * 0 + 0x40 * 0 + ((10 << 2)|2)); //IR=0, 1E=0, |LVL=10, GPX=2
R R R

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

L e
/1 AIEN=0, RIEN=O, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

WCL_CCR = (0 << 15)]| (0 << 14)|(0 << 13)|(0 << 12)|(0 << 11)|(0 << 10);

U2C1_CCR | = (0 << 8); // PM=O(no parity generation)

U2C1_CCR | = 0x0002; /1 active ASC node

L e

/11 8. input/output pins configuration

e R TR

P3_I OCR07 = 0x0020; // P3.7=input(pull_up)

P3_1 OCRO6 = 0x00D0; // P3.6=output(ALT1 open-drain)

JREE KA KA KKK KKK KK KKK KKK KA F KKK F KK KR F KK KKK XK K KA F A A KA R AT A R A KK A

/1 @unction voi d U2C1_ASC vi Protocol | (voi d)
Il @ate 15. 11. 2007

] F KR KKk kK K Kk K Kk Rk KRk KR Rk Rk KR Rk Rk KR Kk Rk KR Kk Rk R KR Rk R Kk Kk

_interrupt (U2C1_SRN1) void U2Cl_ASC Protocol | (void)
{

uword uwrlnp;
if (U2C1_PSR & 0x0008) // COL(bit3)=1 collision is detected

U2C1_PSCR | = 0x0008;
uwState=5; // LIN slave state: collision is detected

/1 LIN slave state machi ne actions upon synch break detection
else if (U2C1_PSR & 0x0004) // SBD=1(synch break detected)
{

U2C1_PSCR = OxFFFF; // clear all flags

/1 set bit timng measuring node

U2C1_BRGL| = 0x0008 ; // TMEN=1 (bit 3)

/Il CM=2  SFSEL DPOL DSEN DFEN | NSW DESL
U2C1_DXOCR=((2<<10) | (0<<9) | (0<<8)]| (0<<6) | (0<<5)| (0<<4)| (1<<0));
U2C1_CCR | = (1<<12); // enable TSIEN
uwSt ate=1; // LIN slave state: synch. break is detected

/'l LIN slave sync field, baudrate measuring node active
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/1 TMEN(bit3)==1 and TSI F(bit12)==
else if ((U2CI_BRG & 0x0008) && (U2CL_PSR & 0x1000))

U2C1_PSCR = Oxffff; /1l clear all flags
if (uwrSl RCount == 0)
{

uwTSl RCount += 1; // Start bit edge

}
else if (uwTlSIRCount < 4)
{

uwPDI V[ uwTSI RCount] = U2C1_BRGH & 0xO03FF; // save PDIV
uwTSl RCount += 1;
}

el se

{
uwPDI V[ uwTSI RCount] = U2C1_BRGH & 0xO03FF; // save PDIV

/'l check uwPDI V [ uwTSI RCount ]

//the time between 2 dominant edges is 2 bit tines
uwTnp=( uwPDl V[ uwTSI RCount]/2);

uwTnp=uwTnp/ (( U2C1_BRGL & OxFCO00)>>10); //DTCQ
U2C1_BRGH = U2C1_BRGH & (~(uword) 0x003F);
U2C1_BRGH | = (uwTnp-1); //PFDIV

/'l deactivate the baudrate neasuring node (reset TMEN)
U2C1_BRGL &= ~((uword)0x0008);

/1 disable the transmt shift interrupt (reset TSIEN)
U2C1_CCR & ~((uword)1<<12);

uwSt ate=2; // LIN slave state: baud rate is init.
}
}

el se

uwState=3; // LIN slave state: undefined

}

.6 Example 6

R R R R R R R O R I T T I

@-unction: void ULCl_SSC Master Mode_i nit(void)

DESCRIPTION: this function initializes a USIC nodule for SPI transfers
with a baudrate of 9600pbs from external osc with Fosc = 80MHz
nodul e works as Master

@at e: 15. 11. 2007

R R R R R R R R R S T I

voi d ULCL_SSC_Mast er Mbde_i ni t (voi d)

{

Sys_Protection(0);
ULCLl_KSCFG = 3;
Sys_Protection(1);

ULC1_CCR = 0x0000; /'l recommanded

/11 1. baud rate generation and the PPP configuration
/11 baud rate = 9766
J N e LR R TR PP
ULCL_FDRL = ((uword)2 << 14)|(1 << 0); // DME2 (fractional divider), STEP=1
/1 DCTQ=15 PCTQ=1 CTQSEL=0 PPPEN=0 TMEN=0 CLKSEL=0
ULC1_BRGL = (15 << 10)|(1 << 8)|(0 << 6)|(0 << 4)| (0 << 3)|(0 << 0);
/| SCLKCFG=0, MCLKCFG=0, PDI V=3
ULC1_BRGH = (0 << 14)| (0 << 13)| (3 << 0);

2 e
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/11 2. Configuration of the U2C0 I nput Control Register

R LR
// CM SFSEL DPOL DSEN DFEN INSW DESL

ULC1_DXOCR=( (0<<10) | (0<<9) | (0<<8)| (0<<6)| (0<<5)| (1<<4)|(1<<0)); //PO.7(DX0B)

e R TR

/11 3. Data format: shift control signal, word/frane | ength control

e R TR
/1 TRM=01b( SSC) DOCFG PDL SDI R=1(MSB first)

UIC1I_SCTRL = (1 << 8) | (0 << 6) | (1 <<1) | (1<<0);

ULC1_SCTRH = (15 << 8) | (15 << 0); //WE=15, FLE=15;

e R TR

/11 4. data transm ssion control (TBUF single shot node)

L e

/1 TDEN=1  TDSSM:1

ULC1_TCSRL = (1 << 10) | (1 << 8);

ULC1_TCSRH = 0x0000;

e R R TR

11 5. protocol-related information

/1 CTR 0] MSLSEN MSLS Enabl e

/1 CTR[ 0] SELCTR Sel ect Control

/1 CTR 0] SELI NV Sel ect I nversion

/1 CTR 0] FEM Frane End Mde

/Il CTR[5: 4] CTQSEL1 I nput Sel ection for CTQ

/11 CTQ 7: 6] PCTQL Di vide Factor to Generate fPDV

/1 CTQ 12:8] DCTQL Di vide Factor to Generate fTCTQ RCTQ

/1 CTR[14] MSLSINEN  MBLS Interrupt Enable
/'l CTR[ 15] DX2Cl EN DX2C I nterrupt Enable
/1 CTR[23:16] SEL(Q 7:0] Select Qutput

/'l CTR] 24] TI VEN Enable Inter-Wrld Delay Tiw

/1 CTR[31] MCLK Start Stop of MCLK

L e
//DCTQL  PCTQL CTQSEL1 FEM SELINV SELCTR  MSLSEN

ULC1_PCRL=((15 << 8)|(1 << 6)|(0 << 4)|(0 << 3)|(1 << 2)|(1 << 1)|(1 << 0));
//MCLK Tl MEN=O SELQ 7..0]
ULC1_PCRH=(0 << 15)| (0 << 8) | (1 << 0); //no MCLK, no delay Tiw, SELQO enable

e e

/11 6. Configuration of the interrupts point and interrupt control registers

R R R
/1 AlNP=SR2, RINP=SR2, TBI NP=SR1, TSI NP=SR0

ULCL_INPRL = (2 << 12) | (2 << 8) | (1 << 4) | (0 << 0); /1 for MR+ AINP assinged to SR2
ULC1_INPRH = (0 << 0); //PINP=SRO
L e

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

/1 A EN=1, RIEN=1, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=1(uses TBI NP)
ULC1_CCR=(1 << 15)| (1 << 14)| (0 << 13)| (0 << 12)| (0 << 11)| (1 << 10); // for MR+ Al nust be enabl ed
UIC1_CCR | = (0 << 8); // PM=O(no parity generation)
U1CL1_CCR | = 0x0001; /1 active SSC node

e e
/11 8. input/output pins configuration
/11 master node ULCLl: PO.6=DOUT; P0O.6=SLKOUT; PO.4=SELQ, 0.7=MRST_IN

R R
PO_I OCR0O4 = 0x0090; //ALT1 output (SELOO ULCL)

PO_I OCRO5 = 0x0090; //ALT1 out put ( SCLKOUT ULC1)

PO_I OCRO6 = 0x0090; //ALT1 output for MISR(DOUT ULCl)

PO_I OCRO7 = 0x0020; //initiate pin as direct input, pull-up
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5.7 Example 7

//kkk*k*kkk*k*kkk**kkkk*******************************************************
/'l @unction: void U1C0_SSC Sl aveMbde_i nit (voi d)

// DESCRIPTION: this function initializes a USIC nodule for SPI transfers

1 nodul e works as sl ave

Il @ate 15. 11. 2007

] FE R KKk ko Kk Kk K Kk Kok Rk KR Rk Rk KR Kk Rk KR Rk Rk R Rk Rk R KR Rk R Kk Rk

voi d U1CO_SSC_S| aveMode_i ni t (voi d)

{
Sys_Protection(0);
ULCO_KSCFG = 3;
Sys_Protection(1);
R LR
/11 1. baud rate generation and the PPP configuration
/111 --> not needed for slave node
L e e
R LR
/11 2. Configuration of the U2C0 I nput Control Register
R R
/Il CM SFSEL DPOL DSEN DFEN INSW DESL
U1C0_DXOCR=( (0<<10) | (0<<9) | (0<<8) | (0<<6) | (0<<5)| (1<<4)| (0<<0)); //PO. 0( DX0A)
U1C0_DX1CR=( (0<<10) | (0<<9) | (0<<8) | (0<<6)| (0<<5)| (1<<4)|(1<<0)); //PO.2(DX0B)
U100_DX2CR=( (0<<10) | (0<<9) | (1<<8) | (0<<6) | (0<<5)| (1<<4)| (0<<0)); //PO. 3( DX0A)
e R

/11 3. Data format: shift control signal, word/frame |ength control

L e
/1 TRM=01b( SSC) DOCFG PDL SDI R=1(MSB first)

ULCO_SCTRL = (1 << 8) | (0 << 6) | (1 <<1) | (1<<0);

ULCO_SCTRH = (15 << 8) | (15 << 0); //WE=15, FLE=15;

e e

/111 4. data transm ssion control (TBUF single shot node)

e e
/1 TDEN=1 TDSSM=1

ULCO_TCSRL = (1 << 10) | (1 << 8);

ULCO_TCSRH = 0x0000;

e e

11 5. protocol-related information --> not needed for slave node

/1 CTR[ O] MSLSEN MBLS Enabl e

/1 CTR 0] SELCTR Sel ect Control

/1 CTR 0] SELI NV Sel ect | nversion

/1 CTR[ 0] FEM Frame End Mbde

/1 CTR[5: 4] CTQSEL1 I nput Sel ection for CTQ

11 CTQ 7: 6] PCTQL Di vide Factor to Generate fPDV

/1 CTQ12:8] DCTQL Di vide Factor to Generate fTCTQ RCTQ

/1 CTR[ 14] MSLSINEN  MSLS Interrupt Enable
/1 CTR[ 15] DX2Cl EN DX2C Interrupt Enable
/1 CTR[23:16] SEL( 7:0] Sel ect Qutput

11 CTR[ 24] TI VEN Enable Inter-Wrld Delay Tiw

/1 CTR[31] MCLK Start Stop of MCLK
R R
L e e

/1 ANP=SR0, RINP=SRO, TBI NP=SR0, TSI NP=SR0
(0 << 12) | (0 << 8) | (0<<4) | (0<<0);
(0 << 0); //PI NP=SRO

U1C0_I NPRL
U1CO_I NPRH
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ULCD 0IC = (0x80 * O + 0x40 * 0 + ((8 << 2)|0)); //1R=0, I|E=0, ILVL=8, GPX=0
ULCD_11C = (0x80 * O + 0x40 * 0 + ((8 << 2)|1)); //1R=0, I|E=0, ILVL=8, GPX=1
ULCD_21C = (0x80 * O + 0x40 * 0 + ((8 << 2)|2)); //IR=0, 1E=0, ILVL=8, GPX=2
e

/11 7. Configuration of the U2C0 Channel Control Register
11 enabl e/ di sabl e general interrupt

11 enabl e/ di sabl e the parity node

11 sel ect the protocol node

L e R R T R
/1 AIEN=0, RIEN=0, TBIEN=0, TSIEN=0, DLIEN=0, RSIEN=0

ULCO_CCR = (0 << 15)| (0 << 14)]|(0 << 13)| (0 << 12)|(0 << 11)|(0 << 10);

ULCO_CCR | = (0 << 8); // PM=O(no parity generation)

ULCO_CCR | = 0x0001; /'l active SSC node

L LR R T R

/11 8. input/output pins configuration
/11 slave node ULCO: PO.0=MISR_IN PO.1=MRST(DOUT); PO.2=SCLK IN; 0.3=SLS_IN

PO_I OCR0O1 = 0x0090; //ALT1 output(MISR ULCO)

5.8 Example 10

[ EE R E KK KRR KK KK KKK KKK KA F KKK F KKK KA F KKK KA F KK T KA F KT A H A KA

/'l @unction: voi d ULCl_SSC Exanpl e10( voi d)
// DESCRIPTION: this function initializes a USIC nodule for SPI transfers

11 with a baudrate of 9600pbs fromexternal osc with Fosc = 80MHz
11 wite and read data from EEPROM

11 use End-of-frame handling is control by SCTRH FLE

/'l @ate: 05. 12. 2008

] KRR Kk Kk kK K K Kk Kok R Kk Rk R KR Kk R R Kk Rk R K Kk R R Kk Rk Rk Kk Kk

void ULCl_SSC Exanpl el0(void)// Testl: FEM=0, interrupt is disabled, polling system

uwor d uwTnp;
ULC1_SSC Master Mode_init();
/| SCLKCFG=2( EEPROM) MCLKCFG=0  PDI V=3
ULCL_BRGH = (uword) ((2 << 14)| (0 << 13)|(3 << 0)); /1 for EEPROM SCLKCFG=10B
/1 for EEPROM the 'read data' instrcution nust be not interrupted (MSEL nust be kepted |ow),
otherwi se the received data will be always OxFF
/1 use FEMF1 The MBLS signal is kept active also while no new data is available and no ot her end
of franme conditionis reached.
/1 in this case the debug tool single step can be used
//DCTQL  PCTQL CTQSEL1 FEM SELINV SELCTR  MSLSEN
ULC1_PCRL=((15 << 8)|(1 << 6)|(0 << 4)|(1 << 3)|(1 << 2)|(1 << 1)|(1 << 0));

/1l wite 'wite enable'

ULC1_SCTRH = (7 << 8) | (7 << 0); // WE=8, FLE=8;
U1C1_TBUFOO=EEPROM CM WREN;, // write enable

whi | e(! (ULC1_PSR & 0xC000)); /1 AIF is not defined in XC2000
ULC1_PSCR | = 0xC000; /1 clear receive indication flag
uwTnp=ULC1_RBUF;

/1 wite 'read status'

ULCL_SCTRH = (15 << 8) | (15 << 0);//WE=15, FLE=15;

ULC1_TBUFOO=( EEPROM CM READ STATUS << 8 | EEPROM WRI TE_DUMWY) ;

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag

UWEEPROM r eadSt at us=( ULC1_RBUF & O0x00FF);
while (uwEEPROM readStatus !=0x0002); // if 'wite not enabled

I/ wite "wite O0x55 into address 0x0000'
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ULC1_SCTRH = (7 << 8) | (31 << 0); //WE=8, FLE=32;
U1C1_TBUFOO=EEPROM CM WRI TE;
whi | (! (ULC1_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

U1C1_TBUFOO=EEPROM ADDRESS_HI GH;
whi | (! (ULC1_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

U1C1_TBUFO0=EEPROM ADDRESS_LOW
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

ULC1_TBUFO0=ubEEPROM Wi t e[ 3] ;
whi | e(! (ULCL_PSR & 0xC000) ) ;

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

I/ wite 'read data from address 0x0000'
ULC1_SCTRH = (7 << 8) | (31 << 0); //WE=8, FLE=32;
ULC1_TBUFOO=EEPROM CM READ,

whi | e(! (ULCL_PSR & 0xC000));

U1C1_PSCR

| = 0xC000; /1 clear receive indication flag

U1C1_TBUFOO=EEPROM ADDRESS_HI GH;
whi | e(! (ULC1_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

U1C1_TBUFO0=EEPROM ADDRESS_LOW
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

ULC1_TBUFO0=EEPROM VIRl TE_DUMMY;
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR

| = 0xC000; /1 clear receive indication flag

/1 USIC has a doubl e receive buffer structure and

/Il to sinplify the use of this feature register RBUF is inplenented.
I/ a read action from RBUF delivers the first received data
uwTnp=ULC1_RBUF;

UWEEPROM r eadDat a=U1C1_RBUF; // 0x55 can only be read out here!

_nop() ;

UDEEPROM W i t e[ 3] ++;

Example 11

] KK Kk kK kK kK Kk K Kk Kok R Kk R R KR Kk R KR Kk R R K Kk R R Kk Rk Rk Rk Kk

11
11
11
11
11
11

@unction:
DESCRI PTI ON:

@pat e:

voi d U1Cl_SSC_Exanpl ell1(voi d)

this function initializes a USIC nodule for SPlI transfers
with a baudrate of 9600pbs from external osc with Fosc = 80MHz
wite and read data from EEPROM

use SWhased start of frame indication SOF

05. 12. 2008

[ FE KRR Kk kR K Kk K R Kk Rk KR Rk Rk KR Kk Rk KR Kk Rk KR Kk Rk R Kk Rk R Kk Kk

voi d U1Cl1_SSC_Exanpl el1(voi d)
{

uword uwrlnp;

ULC1_SSC Mast er Mode_init () ;
/1 SCLKCFG=2( EEPROM) MCLKCFG=0  PDI V=3
ULC1_BRGH = (uword) ((2 << 14)] (0 << 13)|(3 << 0)); // for EEPROM SCLKCFG=10B

/Il wite "wite enable'

ULCL_SCTRH = ((7 << 8) | (63 << 0));
ULCL_TCSRL |= 0x0020; // SOF is set
ULC1_TBUFOO=EEPROM CM W\REN;
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whi | e(! (ULCL_PSR & 0xC000));
U1C1_PSCR | = 0xC000;
uwTnp=ULC1_RBUF;

/1 wite 'read status'

ULCL_SCTRH = ((15 << 8) | (63 << 0));

ULCL_TCSRL |= 0x0020; // SOF is set

ULC1_TBUFOO=( EEPROM CM READ STATUS << 8 | EEPROM WRI TE_DUMWY) ;
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000;

UWEEPROM r eadSt at us=( ULC1_RBUF & OxO00FF);
while (uwEEPROM readStatus !=0x0002); // if 'wite not enabled'

/Il wite "wite 0x55 into address 0x0000'

ULC1_SCTRH = ((7 << 8) | (63 << 0));

ULC1_TCSRL | = 0x0020; // SOF is set
ULC1_TBUFOO=EEPROM CM WRI TE;

whi | e(! (ULC1_PSR & 0xC000));

/1 ULC1_TCSRL & ~0x0020; // due to the bug USIC Al .003 bit SOF nust be cleared in Xc2000 MR
ULC1_PSCR | = 0xC000; /1 clear receive indication flag
U1C1_TBUFOO=EEPROM ADDRESS_HI GH;

whi | e(! (ULC1_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
ULC1_TBUFOO=EEPROM ADDRESS_LOW

whi | e(! (ULC1_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
U1C1_TBUFOO=ubEEPROM Wi te[ 3] ;

whi | e(! (ULC1_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag

I/ wite 'read data from address 0x0000'

ULC1_TCSRL | = 0x0020; // SOF is set

U1C1_TBUFO00=EEPROM CM READ;

whi | e(! (ULC1_PSR & 0xC000));

/1 ULC1_TCSRL & ~0x0020; // due to the bug USIC Al .003 bit SOF nust be cleared in Xc2000 MR
ULC1_PSCR | = 0xC000; /1 clear receive indication flag

ULCl_TBUFOO=EEPROM ADDRESS_HI GH;
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1 clear receive indication flag

ULC1_TBUFOO=EEPROM ADDRESS_LOW
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1 clear receive indication flag

ULCl_TBUFOO=EEPROM VR TE_DUMWY;
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1 clear receive indication flag

/1 USIC has a doubl e receive buffer structure and
/1 to sinplify the use of this feature register RBUF is inplenented.
/1l a read action from RBUF delivers the first received data

uwTnp=ULC1_RBUF; /'l break point before uwlnp, RBUFSR DS=1 (al so from RBUF1)
UWEEPROM r eadDat a=U1Cl_RBUF; // 0x55 can only be read out here!
_hop();
UbEEPROM W i t e[ 3] ++;
}
5.10 Example 12

[ ] FE R KK Kk kK K Kk K Rk Kok KRk KR Rk Rk KR Kk Rk KR Kk Rk KR Rk Rk R KR Rk R Kk Kk

/'l @unction: voi d ULCl_SSC Exanpl el2(voi d)
// DESCRIPTION: this function initializes a USIC nodule for SPI transfers
11 with a baudrate of 9600pbs fromexternal osc with Fosc = 80MHz
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wite and read data from EEPROM

use explicit end of frame by software (reset bit_0 of

@at e: 05. 12. 2008

regi ster PSCR)

[ FE KRR Kk kR K Kk Kk KR Kk Rk KR Rk Rk KRR Kk Rk KR Kk Rk KR Kk Rk R KR Rk R Kk Kk

voi d U1Cl1_SSC_Exanpl e12( voi d)

{

uword uwrnp;
ULC1_SSC MasterMde_init();
/1 SCLKCFG=2( EEPROM) MCLKCFG=0

I/ wite 'wite enable'

ULCL_SCTRH = ((7 << 8) | (63 << 0));
ULC1_TBUFOO=EEPROM CM W\REN;
ULCL1_PSCR | = 0x0001; // reset MSEL
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; Il clear receive

uwTnp=ULC1_RBUF;

whi | e((ULC1_PSR & 0x0001)); //wait untill SPI
WE and FLE

I/l wite 'read status'

ULCL_SCTRH = ((15 << 8) | (63 << 0));

ULC1_TBUFOO=( EEPROM CM READ STATUS << 8 |
ULC1_PSCR | = 0x0001; // reset MSEL

whi | e(! (ULC1_PSR & 0xC000));
ULC1_PSCR | = 0xC000; Il clear receive
UWEEPROM r eadSt at us=( ULC1_RBUF & Ox00FF);
while (uwEEPROM readStatus !=0x0002); // if

whi | e((ULC1_PSR & 0x0001)); // ait untill SPI

WE and FLE

A

I/ wite "wite O0x55 into address 0x0000'
ULCL_SCTRH = ((7 << 8) | (31 << 0));
ULC1_TBUFOO=EEPROM CM WRI TE;

whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1 clear
U1Cl_TBUFOO=EEPROM ADDRESS_HI GH;

whi | e(! (ULCL_PSR & 0xC000));
U1C1_PSCR | = 0xC000; /1
U1C1_TBUFOO=EEPROM ADDRESS_LOW
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; 11
ULCl_TBUFOO=ubEEPROM Wi te[ 3];
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1

cl ear

cl ear

cl ear

/1 wite 'read data from address 0x0000'
ULCl_TBUFOO=EEPROM CM READ;

whi | e(! (ULCL_PSR & 0xC000));
U1C1_PSCR | = 0xC000; Il clear
U1C1_TBUFOO=EEPROM ADDRESS HI GH;

whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; 11
U1Cl_TBUFOO=EEPROM ADDRESS_LOW
whi | e(! (ULCL_PSR & 0xC000));
U1C1_PSCR | = 0xC000; /1
ULC1_TBUFOO=EEPROM WRI TE_DUMWY;
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; 11

cl ear
receive

cl ear

clear receive

receive i

receive i

receive i

receive i

receive i

receive i

PDI V=3
ULC1_BRGH = (uword)((2 << 14)| (0 << 13)|(3 << 0));

/1 for EEPROM SCLKCFG=10B

indication flag

inidle (MSEL is deactivated) before to configure

EEPROM WRI TE_DUMWY) ;

indication flag

‘wite not enabled'

inidl e (MSEL i s deactivated), before to configure

icati

>
=1

flag

icati flag

icati flag

icati flag

icati flag

icati flag

indicati flag

indication flag

/1 USIC has a doubl e receive buffer structure and

/Il to sinplify the use of this feature register
/1 a read action from RBUF delivers the first

pplication Note

RBUF is inplenmented.
recei ved data
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uwTnp=ULC1_RBUF;
UWEEPROM r eadDat a=U1Cl_RBUF; // 0x55 can only be read out here!
_nop();
UbEEPROM W i t e[ 3] ++;
}

5.11 Example 13

[ FE KR KKk ko Rk Kk K KR Kk KRk KR Rk Rk KR Rk Rk KR Kk Rk Rk Kk Rk R KR Rk Rk Kk Kk

/'l @unction: voi d U1Cl_SSC Exanpl e13(voi d)
// DESCRIPTION: this function initializes a USIC nodule for SPI transfers

11 with a baudrate of 9600pbs from external osc with Fosc = 80MHz
11 wite and read data from EEPROM

11 use autonatic update by data handler via WEM-=1

/1 @ate: 05. 12. 2008

] KRR Kk Kk kK Kk Kk K Kk Kok R Kk Rk R KR Kk R KR Kk R R K Kk R R Kk Rk Rk Rk Kk

voi d ULCl_SSC_Exanpl e13(voi d)
{

uwor d uwTnp;
ULC1_SSC Master Mode_init();
/1 SCLKCFG=2( EEPROM) MCLKCFG=0  PDI V=3
ULCL_BRGH = (uword) ((2 << 14)| (0 << 13)|(3 << 0)); /1 for EEPROM SCLKCFG=10B
/1 TDEN=1 TDSSMF1  W.EMD=1
(1 <<10) | (1 <<8) | (1<<0);
(0 << 8) | (63 << 0); [//for WEM-=1, FLWnust be set to max.

ULC1_TCSRL =
ULCL_SCTRH =
/1 wite "wite enable'

U1Cl_TBUF23=EEPROM CM WREN;, // 8 bit word and then frame will be finished
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
uwTnp=ULC1_RBUF;

I/l wite 'read status'

ULC1_TBUF31=( EEPROM CM READ_STATUS << 8 | EEPROM WRI TE_DUMWY);// 16 bit word and then frame will
be finished

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag

UWEEPROM r eadSt at us=( ULC1_RBUF & O0x00FF);
while (uwEEPROM readStatus !=0x0002); // if 'wite not enabled'

I/ "wite 0x55 into address 0x0000'

ULC1l_TBUFO7=EEPROM CMWRITE; // 8 bit word and then frame will not be finished
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
ULC1_TBUFO7=EEPROM ADDRESS HI GH;

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
ULCl_TBUFO7=EEPROM ADDRESS_LOW

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; Il clear receive
U1Cl_TBUF23=ubEEPROM Wi te[ 3];

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag

ndi cation flag

/1 'read data from address 0x0000'
ULCl_TBUFO7=EEPROM_CM READ;

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag
ULC1_TBUFO7=EEPROM ADDRESS HI GH;

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive
ULCl_TBUFO7=EEPROM ADDRESS_LOW

whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xC000; /1 clear receive indication flag

ndication flag
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ULC1_TBUF23=EEPROM WRI TE_DUMWY;
whi | e(! (ULCL_PSR & 0xC000));
ULC1_PSCR | = 0xC000; /1 clear receive indication flag

/1 USIC has a doubl e receive buffer structure and

/Il to sinplify the use of this feature register RBUF is inplenented.
I/ a read action from RBUF delivers the first received data
uwTnp=ULC1_RBUF;

UWEEPROM r eadDat a=U1C1_RBUF; // 0x55 can only be read out here!
_nop();

UbEEPROM Wi t e[ 3] ++;

12 Example 14
Kok k ko kK Rk kKR kR kK Rk Kk KRk kR R Kk kR kK kK kK kKR kR kK kK Rk kK kK Kk kK kK K

@-unction: voi d ULCl_SSC Exanpl el4(voi d)

DESCRIPTION: this function initializes a USIC nodule for SPI transfers
with a baudrate of 9600pbs from external osc with Fosc = 80MHz
wite and read data from EEPROM
use PECx in EEPROM data transfer process.

@at e: 05. 12. 2008

Kok kK kKR kKR kR kK Rk K kK Rk kR R Kk kR kK kK kR kKR kR kK kK Rk kK kK Kk kK kK K

voi d U1Cl1_SSC_Exanpl el4(voi d)

ULCL_11C = (0x80 * 0 + Ox40 * 1 + ((14 << 2)|2)); //IR=0, 1E=0, ILVL=14, GPX=2 --> PEC2
(SRIEN)

ULCL_2IC = (0x80 * O + Ox40 * 1 + ((14 << 2)|3)); //IR=0, 1E=0, ILVL=14, GPX=3 --> PEC3
(RIEN)

SRCP2 = _sof (SUbEEPROM Wite[0]); /] PEC2: wite EEPROMWite data to TBUF

DSTP2 = _sof (&U1CL_TBUF00);

PECSE® = ((_seg(&bEEPROM Wite[0])<<8) | _seg(&ULC1_TBUF00)) ; //set destination pointer
segnent S|

PECC2 = ((INC 10 << 9) | (WI_BYTE << 8) | (COUNT_4 << 0));

DSTP3 = _sof (&UbEEPROM Wite_Tenp[0]);
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ULC1_SSC Mast er Mode_init();
/1 SCLKCFG=2( EEPROM) MCLKCFG=0  PDI V=3
ULCL_BRGH = (uword) ((2 << 14)| (0 << 13)|(3 << 0));

ULCl_11C = 0;
UlCl_21C = 0;
//---- wite "wite enable'

ULCL_SCTRH = (7 << 8) | (7 << 0);
ULC1_TBUFOO=EEPROM CM W\REN;

whi | e(! (ULC1_PSR & 0xC000));

ULC1_PSCR | = 0xFCOO; /1 clear receive indication flag
uwTnpTest [ 0] =ULC1_RBUF;

/I/---- wite 'read status'

ULCL_SCTRH = (15 << 8) | (15 << 0);

U1C1_TBUF00=( EEPROM_CM READ_STATUS << 8 | EEPROM WRI TE_DUMWY);
whi | e(! (ULCL_PSR & 0xC000));

ULC1_PSCR | = 0xFCOO; /1 clear receive indication flag

UWEEPROM r eadSt at us=( ULC1_RBUF & OxO00FF);
while (uwEEPROM readStatus !=0x0002); // if 'wite not enabled'

/l---- "wite data into address 0x0000' use PEC3 and PEC2
UWULC1_1IR _End = 0;
UWUIC1_2IR End = 0;

ULCL_SCTRH = (7 << 8) | (31 << 0);
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SRCP3 = _sof (&U1Cl_RBUF);

PECSEG3 = (_seg(&ULCl_RBUF) <<8) | (_seg(&bEEPROM Wite_Tenp[0])) ; //set destination pointer
segnent S| D

PECC3 = ((INC_01 << 9) | (WI_BYTE << 8) | (COUNT_4 << 0));

UIC1_11C IR=1;// generate interrupt request, data is sent out via PEC
whi | e(! uwU1C1_11 R_End);
UWULC1_11 R_End=0;

whi | e(! uwU1Cl_2I R End);
uwJlCl_2I R_End=0;

//---- 'read data from address 0x0000' use PEC3 and PEC2
UICL_11C = (0x80 * 0 + 0x40 * 1 + ((14 << 2)|2)); [//IR=0, IE=0, ILVL=14, GPX=2 --> PEC2
(SRIEN)

UICL_21C = (0x80 * 0 + 0x40 * 1 + ((14 << 2)|3)); //I1R=0, 1E=0, |LVL=14, GPX=3 --> PEC3
(RIEN)

SRCP2 = _sof (&bEEPROM Read[ 0] ) ; /1 PEC2: write EEPROM Read data to TBUF
DSTP2 = _sof (&ULCl_TBUFOO);
PECSE® = ((_seg(&uUbEEPROM Read[0])<<8) | _seg(&ULCL_TBUF00)) ;

PECC2 = ((INC 10 << 9) | (WI_BYTE << 8) | (COUNT_4 << 0));

DSTP3 _sof (&bEEPROM Read_Tenp[ 0] ) ;

SRCP3 _sof (&U1C1_RBUF) ;

PECSEG3 = (_seg(&ULCl1_RBUF) <<8) | (_seg(&uUbEEPROM Read_Tenp[O0])) ; //set destination pointer
segnent S| D

PECC3 = ((INC_01 << 9) | (WI_BYTE << 8) | (COUNT_4 << 0));

ULC1_1I C I R=1; /1 generate interrupt request, data is sent out via PEC
whi | e(! uwU1C1_11 R End);
UWULC1_11 R_End=0;

whi | e(! uwU1Cl_2I R End);
uwUlC1l_2I R_End=0;

UWEEPROM r eadDat a=ubEEPROM Read_Tenp|[ 3] ;

_hop();

UbEEPROM Wi t e[ 3] ++;

ULC1_PSCR | = 0xFCOO; /1 clear receive indication flag
}
#define ULCL_SRNL Ox5A
#defi ne ULC1_SRN2 0x5B

interrupt (ULCL_SRN1) void SPI_vi RSIENx(void) // defined for FEC transfer test3 and test4 (RSIEN
uses TBI NP)

{
while(!UICI_1IC IR);// wait untill the 2. word has been received

ULCL1_1IC | E =0; /1 must be cleared, so that no further PEC transfer can be generated
UWSRN1_EEPROM+;
uwUlCl_1I R_End=1,;

}

interrupt (ULC1_SRN2) void SPI_vi RIENx(void) // defined for FEC transfer test4 (Rl EN uses RBI NP)

UWSRN2_EEPROVI-+;
uwU1Cl_2I R End=1;
}

513 Example 15

] KRR Kk Kk ko Kk K Kk Kok R Kk Rk R KR Kk R KR Kk R R K Kk R R Kk Rk Rk Kk Kk

/'l @unction: voi d ULCl_SSC Exanpl el5(voi d)
// DESCRIPTION: this function initializes a USIC nodule for SPI transfers
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11 with a baudrate of 9600pbs fromexternal osc with Fosc = 80MHz
11 denmp SWfor Miltiple MSLS Qutput Signals Generation

11 autonatic MSLS signals update control

/1 @ate: 05. 12. 2008

] F KR KK Kk kR K Kk K Rk Kk Rk KR Rk Rk KR Kk Rk KR Kk Rk R Kk Rk R Kk Rk R Kk Kk

voi d ULCl_SSC_Exanpl e15( voi d)
{

uword uwrlnp;

ULC1_SSC Master Mode_init();
//DCTAL  PCTQL CTQSEL1 FEM SELINV SELCTR  MSLSEN

ULCI_PCRL =((15 << 8)| (1 << 6)| (0 << 4)](0 << 3)| (1 << 2)|(1 << 1)[(1 << 0));
//MOLK  TI MEN=O SELJ 7. .0]

ULC1_PCRH =(0 << 15)| (0 << 8) | (0 << 0); //no MCLK, no delay Tiw, SELOx don't care
/1 TDEN=1 TDSSM=1 SELMOD W.EMOD

ULC1_TCSRL = (1 << 10) | (1 << 8) | (1 << 1) | (0 <<0);

ULC1_TBCTRH = 0x0100; // TBUF size nust be set to >0, so that the ULCl_I Nx can be used
PO_I OCRO4 = 0x0090; //ALT1 output (SELCO U1C1) --> SELQD ALT1

PO_I OCRO5 = 0x0090; //ALT1 out put ( SCLKOUT ULC1)

PO_I OCRO6 = 0x0090; //ALT1 output for MISR(DOUT ULCl)

PO_I OCRO7 = 0x0020; //initiate pin as direct input, pull-up

PO_I OCR03 = 0x00AO; //ALT2 output(SELOL ULCl) -->SELOL ALT2

ULC1_SCTRH = (7 << 8) | (7 << 0);
//ULC1_TBUFO1 = 0x55;// SELQO is activated
ULCL1_I NO1 = Ox55;// SELQO is activated

for (uwlnmp=0; uwTnp<OxFFF; uwlnp++);

/1 ULC1_TBUF02 = 0x55;// SELOL is activated
ULC1_I N0O2 = 0x55;// SELOL is activated
for (uwlnp=0; uwlnp<OxFFF; uwlnp++);

//ULC1_TBUFO3 = 0x55;// SELCO and SELOL are activated

ULC1_I NO3 = 0x55;// SELQD and SELOL are activated
for (uwlnp=0; uwlnp<OxFFF; uwTnp++);
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6 Appendix: Pin Connection of the XC2200 Starter Kit
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