' vz SGS-THOMSON
| Y7 (ICROELECTRONICS ST7271

8-BIT HCMOS MCUs WITH EEPROM
AND TV/MONITOR DEDICATED FUNCTIONS

PRELIMINARY DATA

a 5V + 10% supply operating range

s 4MHz Maximum Internal Clock Frequency
= Fully static operation

» 0 to +70°C Operating Temperature Range
s Run, Wait, and Stop Modes

s User ROM: up to 15144 bytes
Data RAM: up to 256 bytes
EEPROM: up to 512 bytes
EWPCC EEPROM: 256 bytes

= 56 pin Shrink Dual In Line Package (ST7271N)
42 pin Shrink Dual In Line Package (ST7271J)

m up to27 I/Olines
8 /O Open Drain with 12V capability PSDIP42

s up to 8 lines programmable as interrupt
wake-up inputs

= 16-bit timer with 2 input capture and 2 output
compare functions

= Sync Processor for video timing analysis

a East/West Pin Cushion Automatic Correction
with DAC output.

s Watchdog for system reliability and integrity

8-bit Analog to Digital Converter with up to 8
channels

16 10-bit PWM/MBRM Digital to Analog outputs
2 12-bit PWM/BRM Digital to Analog outputs
Industry Standard Serial Peripheral interface

User mask options:
- SPI Data Rate PSDIP56
- Watchdog enable/disable after Reset
- Watchdog enable during WAIT mode

s Master Reset and Power-on reset (Ordering Information at the end of the Datasheet)

a Full Hardware Emulator

m 8-bit data manipulation

s 74 basicinstructions DEVICE SUMMARY

= 10 mainaddressing modes DEVICE | ROM | RAM |EEPROM| PACKAGE

a 8x8 unsigned muitiply instruction (Bytes) | (Bytes) | (Bytes)
rue bi . .

= frue bit manipulation _ ST7271N5 | 16K | 256 | 512 | PSDIP56

= Complete development support on Real-time ST7271N3 | 12K 256 512 | PSDIP56
emulator with PC/DOS ST7271N1 | 8K 192 | 384 | PSDIPS6

» Full software package (Cross Assembler, de- ST7271J1 8K 192 384 | PSDIP42
bugger)
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Figure 1a. 56 Pin Shrink DIP Pinout

Figure 1b. 42 Pin Shrink DIP Pinout
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ST7271N Pin Description $T7271d Pin Description
Pin Name Pin Name Pin Name Pin Name
1 Vbba 56 Vssa 1 Voba 42 Vssa
2 EWPCC 55 |Vss 2 | EWPCC 41 | Vss
3 |DAO 54 |PCs/SS 3 | DA0 40 | PC5/SS
4 |DA1 53 |PC4/SCK 4 | DA1 39 | PC4/SCK
5 |baz 52 | PCa/MOSI 5 |DA2 38 | Pcamosi
6 |DA3 51 |PC2MISO 6 |DA3 37 {PC2MISO
7 |pA4 50 |PC1 7 | DA4 36 | PCO/OCMP
8 |paAs 49 |[Pco/ocmp 8 |baAs 35 |TEST
9 |DAe 48 |TEST 9 |DA6 34 |PAO
10 |DA7 47 |DA17 10 | DA7 33 | PA1
11 | DA8 46 |DA16 11 | DA8 32 |PA2
12 | DA9 45 |[DAIS 12 | DA9 31 |PA3
13 | PB7 44 |DA14 13| PB3 30 | PA4
14 |PBS 43 | PAO 14 | PB2 29 | PA5
15 |PB5 42 |PA1 15 | PB1 28 | PA6
16 | PB4 41 | PA2 16 | VFBACK/PBO 27 | PA7
17 |PB3 40 |PA3 17 | cCLMPO/PD3 26 |OSCIN
18 | PB2 39 |PA4 18 | RESET 25 |oscout
19 |PB1 38 |PAS 19 | VSYNCO/PD2 24 | CSYNCKPDO
20 VFBACK/PB0O 37 PA6 20 VSYNCI 23 HSYNCO/PD1
21 | PD4 36 |PA7 21 { Voo 22 | HSYNCI
22 | cLMPO/PD3 35 |DA13
23 | DA10 34 |DA12
24 |DA11 33 |OSCIN
25 |RESET 32 |0oSscouTt
26 | VSYNCO/PD2 31 | CSYNCI/PDO
27 | vsYNCI 30 |HSYNCO/PD1
28 |Vvoo 29 |HSYNCI
2/95 Lyy 9GS THOMSON
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1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST7271 is a HCMOS microcontrolier unit
(MCU) from the ST72 family with dedicated periph-
erals for TV and Monitor applications.

It is based around an industry standard 8-bit core
and offers an enhanced instruction set. The proc-
essor runs with an external clock at 8 MHz with a
5V supply. Due to the fully static design of this de-
vice, operation down to DC is possible. Under soft-
ware control the ST7271 can be placed in WAIT or
STOP mode thus reducing power consumption.
The enhanced instruction set and addressing
modes afford real programming potential.

In addition to standard 8-bit data management

Figure 2. ST7271 Block Diagram

the ST7271 feature strue bit manipulation, 8x8un-
signed multiplication and indirect addressing
modes.

The device includes an on-chip oscillator, CPU,
ROM, RAM, EEPROM, I/0, a timer with 2 input
capture and 1 output compare signals, an 8-chan-
nel Analog to Digital Converter and an industry
standard SPI| as standard peripherals.

Dedicated functions include a Sync Processor for
video timing analysis, East-West Pin Cushion
automatic correction and 18 PWM/BRM outputs
for analog control of external functions.
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Note 1:ROM is replaced by EPROM for EPROM/OTP versions.
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1.2 PINDESCRIPTION

Vpp. Power supply voltage
Vss. Digital Ground

Vppa. Analog Vpp and reference for EWPCC Digi-
tal to Analog Converter (DAC, 8 Volts).

Vssa. Analog Vss for EWPCC DAC.

OSCIN, OSCOUT. Oscillator input and output
pins. These pins are to be connected to aparallel
resonant crystal or ceramic resonator. An external
clock source can also be input on OSCIN.

RESET. The active low input signal forces the in-
itialization of the MCU. This event is the top priority
non maskable interrupt. This pin is switched low
when the Watchdog has triggered. It can be used
to reset external peripherals.

TEST. This pin must be held low for normal operation

VFBACK (PB0) Vertical Flyback signal (TTL
level). This pin accepts the Vertical Flyback signal
used for timing correlation for the East-west Pin
Cushion correction when this is used oris PBO.

EWPCC. Analogoutputof comrection signalfrom East-
West Pin Cushion controller (2-6V, lout = 1mA).

OCMP (PCO0). Output compare signal coming from
the TIMER. This output signal, according to a reg-
ister bit option, can be the OCMP pin (for out-
put compare 1 of the timer) or the PCO pin.

MISO (PC2). SPI Master Out/Slave In Data Out-
put/input when SPI is enabled or PC2.

MOSI (PC3). SPI Master In/Slave Out Data In-
put/Output when SPI is enabled or PC3.

SCK (PC4). SPISerial Clock when SPlis enabled
or PC4

S5 (PC5). SPISlave Selectwhen SPlisenabled or
PC5.

VSYNCI. Vertical Sychronization input (TTL level)
HSYNCI. Horizontal Sychronization input (TTL level)

CSYNCI (PD0). Composite Sychronization Input
(TTL level). This pin accepts the composite syn-
chronisation input when the Sync Processor 1/O
functions are enabled or is PDO.

HSYNCO (PD1). Horizontal Sychronization Out-
put. This pin outputs the horizontal synchronisa-
tion output from the Sync Processor (or HSYNCH)
when the Sync Processor /O functions are en-
abled oris PD1.

VSYNCO (PD2). Vertical Sychronization Output.
This pin outputs the vertical synchronisation out-
put from the Sync Processor (or VSYNCI) when
the Sync Processor I/O functions are enabled or
is PD2.
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CLMPO (PD3). Clamp Output. This pin outputs the
clamping (back porch) output signal from the Sync
Processor (or HSYNCI) when the Sync Processor /0
functionsare enabled or is PD3.

DA2-DA17 (56-pin package),
DA2-DA9 (42-pin package), 10-bit PWM/BRM out-
puts (for Analog controls, after external filtering)

DAO, DA1. 12-bit PWM/BRM outputs (for Analog
Controls, after external filtering).

PAO0-PA7, PB0-PB7, PCO-PC5, PD0-PD4 (56 pin
package). These 27 lines are standard 1/O lines,
programmable as either input or output.

-PORT A.8 I/Olines, bit programmable, accessed
through DDRA and DRA Registers. Each bit can
be defined as a standard input port bit without pull-
up resistor or as an open drain output port (up to
12V).

- PORT B. 8 Standard I/O lines bit programmable
accessed through DDRB and DRB Registers.
Each bit can be programmed as an analog input
(by control bits in the PORT B Configuration regis-
ter), digital input (with internal pull-up resistor),
push-pull digital output or as interrupt wake-up
(with pull-up). These negative edge or low-level
sensitive interrupt lines can wake-up the ST7271
from WAIT or STOP mode. This feature allows to
buiid low power applications when the ST7271 can
be waken-up from keyboard push.

PBO is used for the East-West Pin cushion control-
ler VFBACK input as shown above when the
EWPCC is used.

- PORT C. 6 Standard l/O lines accessed through
DDRC and DRC Registers. Each bit can be pro-
grammed as digital input (with or without pull-up in-
ternal resistor), open drain output or SPi control
and data signals (as shown for the dedicated SPI
signhals above). Whenever the SPI is active, the
outputs are in the pull-pull configuration.

The pull-up resistor is enabled for all bits present
by one control bit in the Programmable Input/Out-
put Configuration Register. The resistor is auto-
matically disabled for the pins used for the SPI
when the SPI is enabled.

- PORT D. 4 Standard I/O lines bit programmable
accessed through DDRD and DRD Registers.
Each bit can be programmed as an input (with in-
ternal pull-up resistor), push-pull output or Syn-
chronization inputs and outputs to/from the Sync
Processor. When programmed as inputs, Video
Synchronisation signals can be directly inspected.
The inputs may also be passed through the Sync
Processor to the Timer input Captures

These pin functions are also summarised in the fol-
lowing table, which also indicates the availability of
functions for the 42-pin SDIP package.
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PIN DESCRIPTION (Continued)
Table 1. ST7271 Pin Description

B 7929237 00L1912 403 WM

. . 56 42 . . 56 42
Pin Name Pin Function(s) Pins | Pins Pin Name Pin Function(s) Pins | Pins
Vopa Analog Vpp for EWPCC 1 1 HSYNCO/PD1 1/0 Port PD1/HSYNC 30 23
Output
EWPCC EWPCC output voltage 2 2 P
- CSYNCI/PDO | I/O Port PDO/CSYNC Input|{ 31 24
DAO 12-bit PWM/BRM output* 3 3
- OSCOUT Oscillator Output 32 25
DA1 12-bit PWM/BRM output 4 4
OSCIN Oscillator Input 33 26
DA2 10-bit PWM/BRM output* 5 5 P
- DA12 10-bit PWM/BRM output 12| 34
DA3 10-bit PWM/BRM output 6 6
- DA13 10-bit PWM/BRM output 131 35
DA4 10-bit PWM/BRM output 7 7
PA7 I/O Port PA7 36 27
DAS5 10-bit PWM/BRM output 8 8
- PA6 I/O Port PAG 37 28
DA6 10-bit PWM/BRM output 9 9
N PA5 1/0 Port PAS 38 29
DA7 10-bit PWM/BRM output 10 10
- PA4 IO Port PA4 39 | 30
DA8 10-bit PWM/BRM output 11 1
PA3 1/O Port PA3 40 31
DA9 10-bit PWM/BRM output | 12 | 12 °
PA2 11O Port PA2 41 32
PB7 110 Port PB7 13
PA1 1/0 Port PA1 42 33
PB6 /0O Port PB6& 14
PAO I/O Port PAD 43 34
PB5 1/0 Port PBS 15
DA14 10-bit PWM/BRM output 14| 44
PB4 I/0O Port PB4 16
DA15 10-bit PWM/BRM output 15 45
PB3 IO Port PB3 17 13
10-bi RM
PB2 /O Port PB2 18 14 DA16 0-bit PWM/BI output 16, 46
10-bi
PB1 /O Port PB1 19 15 DA17 0-bit PWM/BRM output 17] 47
TEST input
I/0 Port PBO TEST ! 48 35
st
VFBACK/PBO NFBACK Input 20 16 must be held to Vss
1/0 Port PCO,
PD4 I/O Port PD4 21 PCO/OCMP | +imer Output Compare 49 | %6
CLMPO/PD3| /O Port PD3/Clamp Output{ 22 17 PC1 1/O Port PC1 50
DA10 10-bit PWM/BRM output 10| 23 PC2MISO | /0 Port PC2, SPI Data 51 | 37
DA11 10-bit PWM/BRM output 11 24 PC/MOSI | 10 Port PC3, SPI Data 52 | 38
RESET Reset Input/Qutput 25 18
PC4/SCK ggl Fzé)I:)tcT(?)‘:’;tput 53 39
VSYNCO/PD2 l(/)(l)]t:;?tn PD2/VSYNC 26 | 19
VSYNC | S PC5/SS gglpsc::vzcézlect 54 40
vsynel | ¢ nput to Sync 27 | 20
rocessor Vss Digital ground 55 | 41
Voo Power Supply 28 | 21 Vssa Analog ground for EWPCC| 56 | 42
HSYNCI HSYNC Input to Sync 29 22 Note *: Open Drain
Processor
57 $63-THOMSON S/9%
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1.3 CENTRAL PROCESSING UNIT

1.3.1 Introduction

The CPU has a full 8-bit parallel architecture. Six
internal registers allow efficient 8-bit data manipu-
lations. The CPU is able to execute 74 basic in-
structions with 9 main addressing modes. It is able
to address 16k bytes of memory and registers with
its program counter.

1.3.2 CPU Registers

The 6 CPU registers are shown in the program-
ming model in Figure 3. Following an interrupt, all
registers except Y are pushed onto the stack in the
order shown in Figure 4. They are popped from
stack in the reverse order.

The Y register is not affected by these automatic
procedures. The interrupt routine must therefore
handle Y, if needed, through the POP and PUSH
instructions.

Accumulator (A). The accumulator is an 8-bit
general purpose register used to hold operands

Figure 3. Programming Model

and the results of the arithmetic and logic calcula-
tions as well as datamanipulations.

Index Registers (X and Y). These 8-bit registers
are used to create effective addresses or as tem-
porary storage area for data manipulations. The Y
register is never automatically stacked. Interrupt
routines must push or pop it by using the POP and
PUSH instructions.

Program Counter (PC). The program counter is a
16-bit register containing the address of the next
instruction to be executed by the CPU. In the
ST7271, only the 14 low order bits are used, bits 14
and 15 areforced to '0’ giving an addressing range
of 0- 3FFFh.

Stack Pointer (SP). The stack pointeris a 16-
bit register. The 6 least significant bits contain
the address of the next free location of the
stack. The 10 most significant bits are forced as
indicated in Figure 3.

ACCUMULATOR:

X INDEX REGISTER:

Y INDEX REGISTER:

PROGRAM COUNTER: [0[0]

7 0
HEEEREEE
RESET VALUE:
X X X X X X X X
7 0
HEEEENEN
RESET VALUE:
X X XXX XXX
7 0
HEEEEEEN
RESET VALUE:
X X X X X XX X

15 7 0

HEEEEEEEEEENE

RESET VALUE:

RESET VECTOR (3FFEh:3FFFh)

15 7 0
T T T TT1]

STACK POINTER: [ 0] o[o]o]Jofo[o0]o0

CONDITION CODE REGISTER:

X = Undefined

RESET VALUE:
0000 0CO0O0O0T1T 11

11111
7 6543210
Lt[1]1]H[1[N][Z]C]
RESET VALUE:

t1101010
VRO1971
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CENTRAL PROCESSING UNIT (Continued)

The stack is used to save the CPU context on sub-
routines calls or interrupts. The user can also di-
rectly manipulate the stack through the PUSH and
POP instructions.

After a MCU reset or after the reset stack pointer
instruction (RSP), the stack pointer is set 1o its up-
per value (FFh). It is then decremented after data
has been pushed onto the stack and incremented
after data is popped from the stack. When the
lower limit is exceeded, the stack pointer wraps
around to the stack upper limit. The previously
stored information is then overwritten and there-
fore lost.

A subroutine call occupies two stack locations and
an interrupt five locations.

1.3.3 Condition Code Register (CC).

The condition code register is a 5 bit register which
indicates the result of the instruction just executed
as well as the state of the processor. These bits
can be individually tested by a program and speci-
fied action taken as a result of their state. The fol-
lowing paragraphs describe each bit.

Figure 4. Stacking Order

Half carry bit (H). The H bitis setto 1 when a carry
occurs between the bits 3 and 4 of the ALU during
an ADD, ACC, SUB or SBC instructions. The H bit
is useful in BCD arithmetic subroutines.

Interrupt mask (1). When the | bitis setto 1, all in-
terrupts except the TRAP software interrupt are
disabled. Clearing this bit enables interrupts to be
passed to the core. Interrupts requested while | is
set are latched and can be processed when | is
cleared (oniy one interrupt request perinterrupt en-
able flag can be latched).

Negative (N) When setto 1, this bit indicates that
the result of the last data manipulation is negative
(i.e. the most significant bit is a logic 1).

Zero (Z). When set to 1, this bit indicates that the
result of the last data manipulation is zero.

Carry/Borrow (C). When set, C indicates that a
carry or borrow out of the ALU occurred during the
last arithmetic operation. This bit is also affected
during bit test and branch, shift and rotate instruc-
tions.

B 7929237 0061914 L&L HE

STACK
7 (v} (PUSH)
¥ Ll 1 T
1 1 1 CONDITION CODE
INCREASING z ACCUMULATOR = DECREASING
MEMORY 2 2 MEMORY
5 X INDEX REGISTER T
ADDRESSES c w ADDRESSES
PCH z
UNSTACK PCL
(POP) VR000074
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1.4 MEMORY MAP

As shown in Figure 5, the MCU is capable of address-
ing 16K bytes of memory and I/O registers. In the
ST7271, 16383 of these bytes are user accessible.

The available memory locations consist of 80 bytes
of /O registers, 256 bytes of RAM, 512 bytes of

Figure 5. Memory Map

EEPROM, 256 bytes of EWPCC EEFPROM and
15Kbytes of user ROM. The RAM space includes
64 bytes for the stack from 00FFh to 00COh.

The highest address bytes contain the user de-
fined reset and interrupt vectors

0000h 5000
1O and REGISTERS
004Fh 79 Bytes 0079
0050n 0080 \
Y
oocon ==~ \
\
aTsyc‘:s 2 ZA: \
00FFh | ______ 256Byles \
1}
\
\
1
\}
014Fh 0335 \
01500 0336 i
EEPROM 1 \
256 Bytes \
\
024Fh 0591 \
0250h 0592 \
EEPROM 2
256 Bytes
034Fh 0847
0350n 0848
EWPCC EEPROM
256 Bytes
044Fh 1103
0450h 1104
(1)
15K USER ROM
15024 Bytes
3EFFh 16127
3F00N 16128
RESERVED
240 Bytes
3FEFh 16367
16368
SFFOR [ ySER VECTORS
16 Bytes
3FFFh 16383

0000

PORTS

8 Bytes
0007
A/D CONVERTER ooos
2 Bytes 0009
000A

RESERVED
3 Bytes 000G
000D
EWPCC CONTROL

3 Byles 000F
EEPROM conTROL | 010
2 Bytes 0011
0012

TIMER

14 Bytes
001F

\ 00
)
\‘ 12-Bit PWM/BRM

1 4 Bytes
‘\ 0023
\ 0024

1
Y
Y
L}
1
\
Y 10-Bit PWM/BRM
\‘ 24 Bytes
1
]
\
Y
1
‘\
\ 0038
\ SYNC PROCESSOR | 03¢
\‘ 2 Bytes 003D
! EWPCC DAC 003E
\ RESERVED 003F
Y 0040
\ SPI
\ 3 Bytes 0043
' MISCELLANEOUS | 9944
0045
Y
\ |PORT CONFIGURATION
1
\ 2Bytes 0047
“ RESERVED

\ 3 Bytes
0049
VR01968

Note 1: ROM is replaced by EPROM for EPROM/QTP versions.
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1.5 VO and REGISTER MAP

mm 7929237 00619k u59 WA

Address Register Name Address Register Name

0000h | PORT A DATA REGISTER 0026h | PWM3
0001h | PORT B DATA REGISTER 0027h | PWM4
0002h | PORT CDATA REGISTER 0028h | BRM5+BRM4
0003h | PORT D DATA REGISTER 002%h | PWMS
0004h | PORT A DATA DIRECTION REGISTER 002Ah | PWMB
0005h | PORT B DATA DIRECTION REGISTER 002Bh | BRM7+BRM6
0006h | PORT C DATA DIRECTION REGISTER 002Ch | PWM7
0007h | PORT D DATA DIRECTION REGISTER 002Dh | PWMS
0008h | A/D DATA REGISTER 002Eh | BRM9+BRMS
0009h | A/D CONTROL/STATUS REGISTER 002Fh | PWM9
%%%gr: Feserved 0030h | PWM10

0031h | BRM11+BRM10
000Dh | EWPCCO REGISTER PRV Py
000Eh | EWPCC1 REGISTER sosan TPwniz
000Fh | EWPCC EEPROM CONTROL REGISTER PN FrTm——
0010h | EEPROM 1 CONTROL REGISTER 5035n | PwM1a
0011h | EEPROM 2 CONTROL REGISTER prv—
0012h | TIMER CONTROL REGISTER prv P —
0013h | TIMER STATUS REGISTER prvvT
0014h | INPUT CAPTURE REGISTER 1, High sosor [ Pwie
0015h | INPUT CAPTURE REGISTER 1, Low PRV m——
0016h | OUTPUT COMPARE REGISTER 1, High PV Py
0017h | OUTPUT COMPARE REGISTER 1, Low PRV P VTR —————
0018h | COUNTER REGISTER, High 003Dh | SYNC COUNTER CONTROL REGISTER
0019h | COUNTER REGISTER, Low oorr | EWPGG DAG REGISTER
001Ah | ALTERNATE COUNTER REGISTER, High PR F—
0018h | ALTERNATE COUNTER REGISTER, Low oson | Sri DATA O REGISTER
001Ch | INPUT CAPTURE REGISTER 2, High PRV Povm—
001Dh | INPUT CAPTURE REGISTER 2, Low PRYPT Prrryepp—————
001Eh | OUTPUT COMPARE REGISTER 2, High PP VI Prp————
001Fh | OUTPUT COMPARE REGISTER2, Low ore | MISCELLANEGUS REGISTER
0020h | PWMO - 12 bit PWM/BRM 0045h | PORT B CONFIGURATION REGISTER
0021h | BRMO - 12 bit PWM/BRM 0046 | PROGRAMMABLE INPUT/OUTPUT
0022h | PWM1 - 12 bit PWM/BRM CONFIGURATION REGISTER
0023h | BRM1 - 12 bit PWM/BRM 0047h | Reserved
0024h | PWM2 - 10 bit PWM/BRM 0048h | Reserved
0025h | BRM3+BRM2 0045h | Reserved
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1.6 WATCHDOG SYSTEM

The watchdog system consists in a divider-by-8
counter and a fixed divide-by-1024 prescaler. It is
controlled through bit WDOG of the Miscellaneous
Register.

Two mask options are provided:
- The WATCHDOG ENABLE mode mask option
- The WATCHDOG DURING WAIT mask option

The Watchdog Enable Mode mask option selects
the state of the watchdog system after an external
or a power-on reset. In the “programmable enable™
option, a reset causes the watchdog to be disabled
and the counter to be forced to zero. In the “auto
enable” option, the watchdog is automatically en-
abled afterthe start-up procedure.

When the watchdog is configured with the “pro-
grammable enable” option, the watchdog system
is enabled by setting the WDOG bit of the Miscella-
neous Register (0044h). Only an external or a
power-on reset can clear WDOG and disable the
watchdog system.

Whatever the option, when the watchdog counter
is enabled, it is driven by the CPU clock through
the divide-by-1024 prescaler (i.e. the counter clock
period is 1024 CPU clock cycies). It is reset to zero
by writing WDOG at 1. A system reset is generated
if the counter reaches its maximum count (8). To
avoid a system reset, the software must therefore
regularly reset the counter at least before the
watchdog time from the last clear or from the time
the watchdog system has been enabled.

Care has to be taken when enabling the counter
(“programmable enable” option only). The pres-
caler is in an unknown state at the time WDOG is
set. The first rising edge can thus be sent to the
watchdog counter after a time comprised between
0 and 1024 CPU clock cycles. In this mode, the first
reset of the watchdog counter should therefore not
occur later than 6x1024 to 7x1024 CPU clock cy-
cles after it has been enabled.

The_system reset is generated by pulling down
the RESET pin for at least one and a half CPU
clock cycle. The state of the RESET pin is re-en-
tered to the reset logic, thus causing an external
reset to be issued.

10/95
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The Watchdog During Wait mask option deter-
mines the watchdog function during the WAIT low
power mode. In the “active during WAIT” option,
the watchdog is kept active, thus able to reset the
MCU if it remains in WAIT mode longer than the
watchdog timeout period. In the ‘suspended during
WAIT” option, it suspends operation during the
WAIT mode and resets its counter. It will then re-
sume operation when exiting the WAIT mode.

The STOP mode is inhibited when the watchdog
system is enabled. However if a STOP instruction
is executedwhile itis enabled, a watchdog reset is
immediately generated.

MISCELLANEOUS REGISTER (0044h)
Read/Write
Reset Value: 1111 1010 (FAh)

7 0

1 1 1 1 1 |VSYNCI INT |WDOG

&7, S Rn

b7-b3 =Unused, read “1” when accessed.

b2 = VSYNCI: Interna! Vsync (Read-Only) This bit
shows the state of the Vsync output by the Sync
Processor.

b1 =INT: Interrupt Request. This bit sets the inter-
rupt configuration for the PORT B wakeup Interrupt
Request:

INT = 0 : selects the falling edge option only

INT = 1 : selects the falling edge or low-level op-
tion.

WARNING. This bit can only be written ONCE af-
ter reset. Writing to INT is disabled after the first
write to the Miscellaneous Register. Bit manipula-
tion instructions should be used with extreme cau-
tion when writing to this register.

b0 = WDOG: Watchdog System. Whatever the
WATCHDOG ENABLE MODE mask option, the
watchdog counter is reset when WDOG is written
at 1. When the MCU is configured with the “pro-
grammable enable” option, the WDOG bit is low af-
ter a reset. It must be set to enable the watchdog
system. Writing a "0’ clears the WDOG bit, but does
not change the watchdog condition. Only a reset
can clear WDOG.
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1.7 SYSTEMCLOCK

General description.

The MCU accepts either a Crystal/Ceramic reso-
nator oran external clockto provide the internal os-
cillator.

The internal clock (finT) is derived by a divide-by-2
trom the internal oscillator frequency (fosc).

Crystal. The internal oscillator is designed to inter-
face with an AT cut parallel resonant quanz crystal
resonator in the frequency range specifiedfor bsc.
The circuit shown on Figure 6 is recommended
when usinga crystal. Use of an external CMOS os-
cillator is recommended when crystals outside the
specified ranges are to be used. The crystal and
components should be mounted as close as possi-
ble to the input pins to minimize output distortion
and startup stabilization time.

Ceramic Resonator. A ceramic resonator may be
used in place of the crystal in low cost applications.
The circuit on Figure 6 is recommended when us-
ing a ceramic resonator. The manufacturer of the
particular ceramic resonator being considered
should be consulted for specific information.

External Clock. An external clock should be ap-
plied tothe OSCIN input with the OSCOUT pin not
connected as shown figure 7. The Crystal clock
specifications do not apply when using an external
clock input. The equivalent specification of the ex-
ternal clock source should be used.

Figure 6. Crystal/Ceramic Resonator

0OSCout

Q3Cin

COSGOUt

COSCh I

VAQOAG

Figure 7. External Clock Source Connections

0sCin 0SCout
Figure 8. Equivalent Crystal Circuit
Rg € Ly EXTERNAL
CLOCK
VACOA1S
OSCIn OSCout

Co

Il

i VAODIO!

Recommended Settings for Ceramic
Recommended Settings for Crystal Resonator
2MHz 4MHz Unit 2-4MHz Unit
Rsmax 400 75 Q Rsmax 10 Q
Co 5 7 pF Co 40 pF
o} 0.008 0.012 pF C1 4.3 pF
Coscin 15-40 15-30 pF Coscin 30 pF
Coscout 15-30 15-25 pF Coscout 30 pF
Rp 10 10 MQ Re 1-10 MQ
Q 30 40 10° Q 1250
557 $G8-THOMSON 1119
Y/, SICRoRLICTRONCS
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1.8 RESET AND INTERRUPTS

The Reset procedure is used to provide an orderly
software startup or to quit low power modes.

Two reset modes are provided: a power-on reset
and an external reset at the pin. The
watchdog reset is considered as an external inter-
rupt as the watchdog system generates the MCU
reset by pullingdown the pin.

1.8.1 Power-on Reset (POR)

The power-on reset is generated upon detection of
a positive transition on Vpp (refer to Figure 9). It
causes the reset vector to be fetched from ad-
dresses 3FFEh and 3FFFh in order to be loaded
into the PC and with program execution starting
from this point.

An internal circuitry provides a 4096 CPU clock cy-
cle delay from the time that the oscillator becomes
active. At the end of the power-on reset, the MCU
can be maintained in the reset condition by holding
the external reset low. The RESET pin can there-
fore be used to ensure Vpp has risen to a point
where the MCU can properly operate before run-
ning the MCU program.

During the POR, the RESET pin is pulled low, thus

permitting the MCU to reset other devices.

The power-on reset is strictly used for power up
conditions and should not be used to detect any
drop inthe power supply voltage. There is no inter-
nal provision for a power-down reset.

1.8.2 External Reset

The external reset is an active low input signal ap-
plied to the RESET pin of the MCU.

As shown in Figure 9, the RESET signal must stay
low for a minimum of one and a half CPU clock cy-
cles. A reset causes the reset vector to be fetched
at addresses 3FFEh and 3FFFh in order to be
loaded into the PC and with program execution
starting from this point.

The external reset is also used by the watchdog sys-
temto reset the MCU. When active, the power-on re-
set circuitry pulls down the RESET pin. In both
cases, the pin can be used as an output to
reset other devices. However, the pull-down circuitry
includes current limitation to aliow the connection of
any input signal, including from an RC type circuit.

An internal Schmitt trigger at the RESET pin s pro-
vided to improve immunity to noise.

Table 2. List of sections affected by RESET,WAIT and STOP

Section RESET POR WAI‘Ii STOH
Timer Prescaler reset to zero X K - -
Timer Counter set to FFFCh X b
All Timer enable bit setto 0 (disable) X - -
Data Direction Registers set to 0 (as Inputs) X X - -
Set Stack Pointer to 00FFh X X - -
Force interal Address Bus to restart vector 3FFEh, 3FFFh X X - -
Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable) X X - -
Set Interrupt Mask Bit (I-Bit, CCRY) to 0 (Interrupt Enable) - - X X
Reset STOP Latch X X - -
Reset INT Latch X X - -
Reset WAIT Latch X X - -
Disable Oscillator (for 4096 cycles) - X - X
Set Timer Clock to O - X - X
Watchdog counter reset X X - X
Watchdog WDOG-BIT reset X b . A
EEPROM control bits reset X X - -
PWM/BRM registers reset X X - -
EWPCC DAC register reset X X - -
SYNC registers reset X X - -
g &7,
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RESET AND INTERRUPTS (Continued)

1.8.3 interrupts

The ST7271 may be interrupted by one of three dit-
terent methods: three maskable hardware inter-
rupts (PORT B, SPI or TIMER) and a
non-maskable software interrupt (TRAP). The In-
terrupt processing flowchart is shown in Figure 10.

The maskable interrupts mustbe enabled in order
to be serviced. However, disabled interrupts can
be latched and processed when they areenabled.
When an interrupt has to be serviced, the PC, X, A
and CC registers are saved onto the stack and the
interrupt mask (I bit of the Condition Code Regis-
ter) is set to prevent additional interrupts. The Y
register is not automatically saved.

The PC is then loaded with the interrupt vector of
the interrupt to service and the interrupt service
routine runs (refer to Table 3 for vector addresses).
The interrupt service routine should finish with the
IRET instruction which causes the contentsof the
registers to be recovered from the stack and nor-
mal processingto resume. Note that the | bit isthen
cleared if and only if the coresponding bit stored in
the stackis zero.

Figure 9. Reset Timing Diagram

Though many interrupts can be simultaneously
pending, a priority order is defined (see Table 3).
The pin has the highest priority.

If the | bit is set, TRAP is the only enabled interrupt.

Interrupts aliow the processor to leave the Wait low
power mode.

Software Interrupt. The software interrupt is the
executable instruction TRAP. The interrupt is rec-
ognized when the TRAP instruction is executed,
regardiess of the state of the | bit. When the inter-
rupt is recognized, it is serviced according to the
flowchart on Figure 10.

PORTB Interrupt. The PORTB Interrupt can be
generated on the falling edge of any pin of PBO-
PB7 if it is defined as an interrupt source. When an
enabled interrupt occurs, normal processing is
suspended at the end of the current instruction
execution. It is then processed according to the
flowchart on Figure 10.

If the interrupt is disabled (I high), the triggering
edge of the wake-up interrupt sources logical-
ORed is internally latched and the interrupt

PC

IS

WATCHDOG RESET

EXTERNAL RESET

3FFE

A

f

-
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POWER ON RESET
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RESET AND INTERRUPTS (Continued)

Figure 10. Interrupt Processing Flow-Chart

FROM RESET

CLEAR INT
PORT B LATCH
y
\
STACK
PC.X.A,CC
OUTPUT
COMPARE ¥
SETIBIT
TIMER ‘
OVERFLOW —
WITH APPROPRIATE
INTERRUPT VECTOR
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EXECUTE INSTRUCTION
FETCH NEXT Y
INSTRUCTION
RESTORE FROM STACK
) PC, X, A, CC
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RESET AND INTERRUPTS (Continued)

remains pending to be processed as soon as the
interrupt is enabled. This internal latch is cleared in
the firstpart of the service routine. Therefore, only
one external interruptcan be latched and serviced
as soon as possible. When the PORTB wake-up
function is enabled, care should be taken after a
Reset condition interrupt. The flowchart proposed
in Figure 11 should be used in these cases.

Timer Interrupt Five different timer interrupt flags
are able to cause a timer interrupt when they are
active if both the | bit of the CCR is reset and if the
corresponding enable bit is set. If either of these
conditions is false, the interrupt is latched and thus
remains pending.

The interrupt flags are located in the Timer Status
Register (0013h). The Enable bit are in the Timer
Control Register (0012h).

When an enabled interrupt occurs, normal proc-
essing is suspended at the end of the current in-
struction execution. It is then serviced according to
the flowchart on Figure 10. Software in the timer
service routine must determine the priority and
cause of the timer interrupt by examining the inter-
rupt flags and the status bits located in the TSR.

The general sequence for clearing an interrupt is
an access to the status register while the flagis set
followed by a read or write of an associated regis-
ter. Note that the clearing sequence resets the in-
ternal latch. A pending interrupt (i.e. waiting for
being enabled) will therefore be lost if the clear se-
quence is executed.

Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SP1)
occurs when one of the interrupt flag bits in the se-
rial peripheral status register (location 0043h) is
set, provided the | bit in the condition code register

Table 3. Interrupt and Reset priorities

Figure 11. Proposed Wake-up Interrupt
routine when wake-up feature is not used

WAKE-UP
INTERRUPT

{

A = PBDR

!

A =Aand PBDR

)

PBDR = A

VR01991

cleared and the enable bit in the serial peripheral
control register (location 0042h) is enabled.

When the interrrupt is recognized, the current state
of the machine is pushed into the stack and | bit in
the condition code register is set. These masks fur-
ther interrupt until the present one is serviced. The
SP!interrupt causes the program counterto vector
to memory location 3FF2 and 3FF3 which contains
the starting address of the interrupt service routine.

Vector Address | Interrupt Source Masked by Priority

3FFENh,3FFFh RESET and POWER-ON (POR) none Highest
3FFCh,3FFDh SOFTWARE Interrupt (TRAP) none

3FFAh,3FFBh PORT B Wake up I-Bit

3FF8h,3FF9h TIMER INPUT Capture (1 and 2) I-Bit

3FF6h,3FF7h TIMER OUTPUT Compares (1 and 2) I-Bit

3FF4h,3FF5h TIMER OVERFLOW I-Bit

3FF2h,3FF3h SPI I-Bit

3FFOh,3FF1h Reserved - Lowest

557 S63-THOMSON 15/98
Y/, SICEOELICTRONCS

B 7929237 00bl922 752 W
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1.9 LOWPOWER MODES

STOP Mode. The STOP mode is the MCU lowest
power consumption mode. The STOP mode is en-
tered by executing the STOP instruction. The inter-
nal oscillator is then turned off, causing all internal
processing to be stopped, including the operation
of the on-chip peripherals. The STOP mode cannot
be used when the watchdog is enabled, if the
STOP instruction is executed while the watchdog
system is enabled, a watchdog reset is generated
thus resetting the entire MCU.

When entering the STOP mode, the | bit in the
Condition Code Register cleared. Thus, the exter-
nal interrupts are aliowed and the MCU is placed at
its nominal speed (see CLOCK SYSTEM). All
other registers and memory remain unalitered and
all I/Olines remain unchanged.

The MCU can exit the STOP mode upon reception
of either an external interrupt on PORTB or a
power-on or external reset. The oscillator is then
turned on and a stabilization time is provided be-
fore releasing CPU operation. The stabilization
time is 4096 CPU clock cycles.

After the start up delay, the CPU continues opera-
tion by servicing the interrupt which wakes it up or
by fetching the reset vector if a reset wakes it up.

16/95
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WAIT Mode. This mode is a low powerconsump-
tion mode, but the power consumption is higher
than in the STOP mode. The consumption can be
further reduced by entering the slow mode.

The WFI instruction places the MCU in the WAIT
mode.

In the WAIT mode, the internal clock remains ac-
tive but all CPU processing is stopped; however,
all other peripherals are still running. The watch-
dog can either be active or not according to the
WATCHDOG DURING WAIT mask option.

During the WAIT mode, the | bit in the condition
code registeris cleared to enable all interrupts.

All other registers and memory remain unaltered
and all parallel /O lines remain unchanged.

An interrupt or a reset causes the MCU to exit the
WAIT mode. An interrupt while the MCU is in the
WAIT mode causes the corresponding interrupt
vector to be fetched, the interrupt routine to be
executed and normal processing to resume. A re-
set causes the program counter to fetch the reset
vector and processing starts as for a normal reset.

Table 2 gives a list of the different sections affected
by the low power modes. For detailed information
on a particular devices, please refer to the corre-
sponding parts.
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L.LOW POWER MODES

(Continued)

Figure 12a. STOP Flow Chart

Figure 12b. WAIT Flow Chart
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2 FUNCTIONS DESCRIPTION

2.1 EEPROM

2.1.1 Introduction

The on-chip EEPROM provides a non-volatile stor-
age of user programmed data. ltis read as a normal
Read-only memory location, however user pro-
grams must not run from the EEPROM.

Programming and erasure are made in conjuction
with the EEPROM control registers while 8 data
latches allow simuitaneous write or erase of 110 8
bytes in the EEPROM memory in the same pro-
gramming cycle. The constraint is that all ad-
dressed memory bytes must be on the same row of
the EEPROM memory array, that is up to eight
bytes with the address bits A7, A6, A5, A4 and A3
constant, and with A2, A1 and A0 selecting the ad-
dress(es) to be written within the row.

Figure 12. EEPROM Block Diagram

The EEPROM cell includes an internal charge
pump to avoid the need of an external high voltage
supply for the erase and programming functions.

2.1.2 Functional Description

As shown in Figure 13, the EEPROM s a 8 col-
umns by 32 rows aray. The row is selected by the
A7, A6, A5, A4, A3 bits. Each column is associated
to an 8-bit data register.

Read Operation (E2LAT="0").

The EEPROM can be read as a normal ROM loca-
tion when the E2LAT bit of the Control Register is
low. When E2LAT is low, the E2PGM and E2ERA
bits are forced low.

B 7929237 00bLl92k 374 WM
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EEPROM (Continued)

Write/Erase Operation. (E2LAT="1")

When E2LAT is setto “17, a write to an EEPROM
location latches the data written in the 8-bit register
correspondingto the decoded column and sets an
internal flag for the decoded row.

As there are 8 columns in each row, up to 8 loca-
tions (having the same A7, A6, A5, A4, A3 address
bits) can be simultaneously written or erased.

To erase bytes, the E2LAT and E2ERA bits are set
to “1”, and an instruction is made to write to the
EEPROM addresses to be erased (the data value
is not significant). The E2PGM bit must have been
set afterthis operationto tum the charge pump on.

To write bytes, the E2LAT bit is set to “1”, and the
data is written to the appropriate EEPROM ad-
dress(es). The E2PGM bit must have been set af-
ter this operation to turn the charge pump on.
WARNING a minimum delay of 20us must be
maintained aftera programming operation (the fall-
ing edge of E2LAT) before the next read or write of
the EEPROM. This time is required to discharge
the high voltage in the array.

Notes

- Each block of 256 bytes of EEPROM is control-
led by an independant EEPROM Control Reg-
ister. Please refer to the Memory Map for both
EEPROM memory block locations.

- It is mandatory to erase bytes before writing
them.

- E2LAT must be kept high for the programming
time tprog and then be cleared.

- When E2LAT is high, access to the EEPROM
array is not possible.

- It is not allowed to perform successive write or
erase cycles without clearing E2LAT between
each write/erase (see Warning above).

20/95
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2.1.3 Register Description
EEPROM CONTROL REGISTER 1 (0010h)
EEPROM CONTROL REGISTER 2 (0011h)

Read/Write
Reset Value: 0000 0000 (OOh)
7 0

Res Res Res —_ — | E2ERA}] E2LAT|E2PGM

This register contains the bits required to read,
erase and program the EEPROM. They are de-
fined as follow:

b7-5 =Reserved, must be held to “0”
b4,3 =Unused

b2 =E2ERA: EEPROM Erase. E2ERA must be set
to “1” for an erase operation. It must be set afteror
at the same time as E2LAT. It cannot be changed
once an EEPROM address is selected. It is held
low when E2LAT is low. It is therefore automat-
ically reset when E2LAT is reset.

b1 = E2LAT: EEPROM Latch Enable. When
E2LAT is reset to “0”, data can be read from the
EEPROM. Whenitis setto”1” and E2PGMresetto
“0", a write into the EEPROM array causes the
data to be latched, according to the address into
one of 8 data registers. An additional internal flag is
latched to select the row. The selected columns
and row determine the locations involved in the
next erase or programming operation. E2LAT must
be cleared after each programming or erase op-
eration. E2ERA and E2PGM are forced low when
E2LAT is low.

b0 =E2PGM: EEPROM Program Mode.This bit al-
lows the internal charge pump to be switched on or
off. When setto “17, the charge pump generator is
on and the high voltage is applied to the EEPROM
array. When low, the charge pump generator is off.
E2PGM can only be reset by resetting E2LAT.
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EEPROM (Continued)
Figure 13. Programming Flow-chart of a basic routine

E2LAT =0

E2PGM =0 E2LAT =1
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EEPROM (Writing in Progress)
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E2LAT =0 Check Written Byte (s)
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2.2 VOPORTS

2.2.1 Introduction

The 1/O ports allow the transfer of data through
digital inputs and outputs, and, for specific pins, the
input of analog signals or the Input/Output of dedi-
cated signals for the on-chip peripherals (e.g. SP|,
EWPCC and Timer). Please refer to the following
table for a summary of these Alternate functions.

2.2.2 Functional Description

Each port pin of the I/O Ports can be individually
configured under software control as either inputor
output. Ports A, B are 8-bit I/0 ports, Port C isa 6-
bit I/0 port and Port D is a 5-bit port.

Each bit of a Data Direction Register (DDR) corre-
sponds to an I/O pin of the associated port. This
corresponding bit must be setto configure its asso-
ciated pin as output and must be cleared to config-

Figure 14. VO Pin Typical Circuit

ure its associated pin as input. The Data Direction
Registers can be written or read.

The typical /O circuit is shown on Figure 15. Any
write to an I/O port updates the port output register
even if it is configured as input. Any read of an 110
port returns either the data latched in the port out-
put register (pins configured as output) orthe value
at the /O pin (pins configured as input) (see Ta-
ble 6).

At power-on or external reset, all DDR registers
are cleared, which configures all Ports B, C and D
pins as inputs with pull-ups and Port A as inputs
without pull-ups but the port output registers are
not initialized. Thus, the 1/O port should be written
before setting the DDR bit to avoid undefined out-
put levels.

, DATA DIRECTION
—~— REGISTER
BIT
LATCHED
INTERNAL Tle}
J —=|  OUTPUT DATA . OUTPUT PIN
CONNECTIONS BIT l/
INPUT
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L INPUT
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TYPICAL PORT 7 6 4 3 2 1 0
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REGISTER l ] l ' l I l
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/O PORTS (Continued)
PORT A

Each Port A bit can be defined as an Inputline (no
pull-up) or as an Qutput Open drain line capable of
handling typical current Isink of 10 mA for LED driv-
ing.

PORTB

Each bit of PORT B bit can be used as the Analog
source to the Analog to Digital converter by select-
ing each individual bit independentlyin the Port B
Configuration Register (address 0045h).

When the Analog functionis selected for an /O pin,
the pull-up of the respective pin of Port B is discon-
nected and both the Data and Direction (DDR) reg-
isters of the respective pin are reset. Any further
accesses to the respective DDR bit is blocked until
the pin status is returnedto normal /O.

PORT B bitcan alsc be configured on a bit basis as
a wake-up interrupt input with an internal pull-up
resistor. This mode is enabled by settingthe corre-
sponding Port B bit as a DIGITAL input (its bit in
DDR set to '0’ and its Analog function disabled)
and the comresponding bitin the Port B Data Regis-
ter mustbe setto '1".

When this bit is subsequently forced low, an inter-
rupt will be generated according to the status of the
INT bit in the Miscellaneous Register.

Port B, bit 0 is only available for output if the East-
West Pin-Cushion controller (EWPCC) is not used.
If the EWPCC function is selected, Port B bit O
MUST be set as input to enable the VFBACK tim-
ing input.

The pins not available for the 42 pin package (but
present for the 56 pin package) are internally con-
nected as standard digital inputs with pull-ups en-
abled.

All unused I/0 lines should be tied to an appropri-
ate logic level (either Vpp or Vss).

Table 6. /O Pin Functions

PORT C

The available port pins of Port C may be used as
general purpose |/O or as the /O pins of the on-
chip SPland Timer Output Compare.

When used as digital Input, pull-up resistors may
be switched on for ALL Port C inputs by setting the
PUPC bit of the Programmable Input/Output Con-
figuration Register (PCR).

When used as output the Open Drain mode is
automatically set if the SPI is disabled.

Port C, bit O is switched from the normal I/O func-
tionality to the output of the Timer Output Compare
signal by resetting to "0’ the OCOP bit of the PCR.

When the SPI is enabled, Port C bits 2-5 output bits
are forced to the push-pull output configuration for
high speed data transmission, while pins set to in-
put have the pull-up resistor disconnected, regard-
less of the state of PUPC.

The default condition of open drain output (SPI not
enabled) allows software emulation of communica-
tion using the FFC-bus protocol.

PORTD

The I/O pins of Port D normally are used for the in-
put and output of video synchronization signals to
the Sync Processor, but are set to /0 Input with
pull-up upon reset. The I/O mode can be set indi-
vidually for each port bit to Input with pull-up and
output push-pull through the Port D DDR.

The configuration to support the Sync Processor
required thatthe SYNOP bit of the PCR be reset to
’0’; this enables Port D bits 0, 1 and 2 to the sync
inputs and outputs.

Note that as these inputs are switched from normal /O
functionality, the video synchronization signals may
also be montored directly through the Port D Data
Registerfor suchtasks as checking for the presence of
video signals or checking the polarity of Horizontaland
Vettical synchronizationsignals (when the Sync Inputs
are switched directly to the outputs using the muttiplex-
ors of the Sync Processor).

R/W* DDR VO Pin Functions
0 0 The I/O pinis in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output the I/0 pin.
1 0 The state of the I/O pin to read.
1 1 The 1/O pinis in an output mode. The output data latch is read.

* R/W isan internal signal.

mm 7929237 0061930 829 W&

IOTA At

23/95

* Lok

This Materi al

Copyrighted By Its Respective Manufacturer



VO PORTS (Continued)
2.2.3 Register Description
DATA REGISTERS

Port A: 0000h
Port B: 0001h
Port C: 0002h
Port D: 0003h

Read/Write
Reset Value: Undefined
7 (1]

MSB LSB

DATA DIRECTION REGISTERS

Port A: 0004h
Port B: 0005h
Port C: 0006h
Port D: 0007h

Read/Write
Reset Value: 0000 0000 (00h) (as inputs)
7 0

MSB LSB

PORT B CONFIGURATION REGISTER (0045h)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 ADO

b7-0 =AD7-ADQO: Port B Digital/Analog Input Con-
figuration Bits. When AD#i is set (i =7-0), the pull-
up on the respective pin #i of Port B is
disconnected and the pin is configured as analog
input; otherwise the pull-up is connected and pin
configured as digital input (RESET condition) with
no power consumption in the A/D channel.

Note. On the 42-pin package option, PB7-PB4 are
not externally connected and are internally config-
ured as standard digital inputs with pull-up.

PROGRAMMABLE INPUT/OUTPUT
CONFIGURATION REGISTER (0046h)

Programmable input/Output Configuration
Read/Write
Reset Value: 1111 1000 (F8h)

7 0
Res |CLMOP| OCOP {SYNOP{ PUPC | POC2 | POC1 | POCO
24/9% 557 363-THOMSON
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b7 = Res: Reserved.

b6 = CLMOP: Clamping Signal Output Select. This
bit selects either the PD3 1/O Pin Option or the out-
put of the Clamping signal.

CLMOP =0 : Clamping Signal

CLMOP = 1 : PD3 as Pull-up Input or Push-pull
Output

b5 = OCOP: Timer QOutput Compare Select. This

bit selects either the PCO I/O Pin Option or the out-
put of the Timer Output Compare.

OCOP = 0: Timer Output Compare

OCOP = 1: PCO Input (with/no pull-up) or Output
(push-pull)

b4 = SYNOP: SYNC Processor Function Select.
This bit selects either the Sync Processor or PDO,
PD1, PD2 I/O Pin Options.

SYNOP =0: PDO = CSYNCI, PD1 =HSYNCO and
PD2 =VSYNCO

SYNOP = 1: PDO/PD1/PD2 Inputs (Pull-up) OR
Outputs (Push-Pull).

Note.HSYNCO and VSYNCO can be directly read
as Port bits by configuring PD1 and PD2 as inputs.

b3 =PUPC: PORT C Input Configuration Bit This
bit selects the input configuration for present bits of
/O PortC.

PUPC =1 : Pull-up

PUPC = 0 : No Pull-up.

Whenever the SPI is active, the pull-up is discon-
nected from SPI input pins regardless of the state
of PUPC and SPI outputs are set to push-pull.
b2-b0 =POC2-POC0: PWM/BRM Output Configu-

ration Bits. These bits select the PWMWBRM output
configuration.

PWM Value
Group Channels
0 1
A2 DA1,D3-6 POCOD push-pull open drain
B1 DA7-11 POC1 push-pull open drain
B2 DA12-DA17 POC2 push-pull open drain

In the case of uncomplete ports (Port C and Port
D), non-implemented bits are read 0’ whenever
accessed.
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2.3 16 BITTIMER

2.3.1 Introduction

The 16-bit programmable timer consists of a 16-bit
free running counterdriven by a prescalerand con-
trol logic for two input captures and two output
compare registers. It can be used for many pur-
poses inciuding pulse length measurement of input
signals and generation of one output waveform.

The two input capture functions are dedicated to
the timing functions of the Sync Processorand are
internally connected to this source. They are thus
not available fortiming of other external signals.

When used with an 8MHz external oscillator fre-
quency, the timer has a resolution of 0.5us.

2.3.2 Functional Description

As the timer has a 16-bit architecture, each of its
specific function blocks is represented by two reg-
isters. These registers contain the high order byte
and low order byte of that function. However any
access to the high order byte inhibits that specific
timer capability until the low order byte is also ac-
cessed.

Note that correct software procedures should set
the | bit of the Condition Code Register before ac-
cessing the high order byte to prevent an interrupt
from occurring between the accesses 1o the high
and low order bytes of any register.

Counter. The key element of the programmabie
timer is a 16-bit free running counter or counter
register. It is preceded by a prescaler which divides
the internal clock by two giving an operational fre-
quency of 2MHz.

Software can read the counterat any time without af-
fecting its value. It can be read from two locations,
the Counter Register (0018h, 0018h) and Alternate
Counter Register (001Ah, 001Bh). The only differ-
ence between these two read-only registers is the
way the overflow flag TOF is handled during a read
sequence.

A read sequence containing only a read of the
least significant byte of the free running counter
(from either the Counter Register or the Altemate
Counter Register) will receive the LSB of the count
value atthe time of the read. Aread of the most sig-
nificant byte (from either the Counter Register or
the Alternate Counter Register) simultaneously re-
turns the MSB of the count value and causes the
LSB to be transferred into a buffer.

B 7929237 00bl932 671 WA

The buffered value remains unchanged until the
16-bit read sequenceis completed, even if the user
reads the MSB several times. The read sequence
is completed by reading the free running counter
LSB, which actually returns the buffered value.

As shown in Figure 17 the free running counter is
configured to FFFCh during reset, after

goes high. During a power-on reset (POR), the
counter is also configured to FFFCh and begins
running after the oscillator startup delay.

When the counter rolls over from FFFFh to 0000h,
the Timer Overflow flag (TOF) of the Timer Status
Register (TSR) is set. A timer interrupt is then gen-
erated if the TOIE enable bit of the Timer Control
Register (TCR) is set, provided the | bit of the CCR
is cleared. If one of these conditions is false, the in-
terrupt remains pending to be issued as soon as
they are bothtrue. The interrupt request is cleared
by reading TSR while TOF is set followed by an ac-
cess (read or write) to the LSB of the Counter Reg-
ister.

The TOF flag is not affected by accesses to the Al-
ternate Counter Register. This feature allows si-
multaneous use of the overflow function and reads
of the free running counter at random times (for ex-
ample, to measure on elapsed time) without risking
the clearing of the TOF flag erroneously. Accesses
to the timer without the intention of servicing the
TOF flag should therefore be performed to the Al-
ternate Counter Register while only the TOF serv-
ice routine accesses the Counter Register.

The free running counter can be reset under soft-
ware control. This is performed by writing to the
LSB of either the Counter Register or the Alternate
Counter Register. The counter and the prescaler
are then configured to their reset conditions. This
reset also completes any 16-bit access sequence.
All flags and enable bits are unchanged.

The value in the counter registers repeats every
131072 internal processor clock cycles (32 ms for
fint =4 MHz). As shown in Figure 17, the counter
increment is triggered by a falling edge of the CPU
clock.

The timer is not affected by the WAIT mode. In the
HALT mode, the counter stops counting until the
mode is exited. Counting then resumes from pre-
vious count (MCU woken by an interrupt) or from
reset count (MCU woken by a reset).

Input Capture.
25/95
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16 BIT TIMER (Continued)
Figure 15. Timer Block Diagram
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16 BIT TIMER (Continued)

The ST7271 features two input capture registers
and two input capture interrupt enable bits. The in-
put capture inputs IC_A and IC_B are connected
through the VSYNCland HSYNCI (OR CSYNCI)
input pins respectively. When the SYNC processor
is not being used these pins may be used for the
external input captures of the timer. The input on
HSYNCI may optionally be passed through a /256
prescaler before being passed to the IC_B input
capture.

Input Capture Register 1 (ICR1) is a 16-bit regis-
ter made up of two 8-bit registers: the most signifi-
cant byte register (ICHR1), located at 0014h, and
the least significant byte register (ICLR1) located
at 0015h.

ICR1 is a read-only register used to latch the value
of the free running counter after a defined transi-
tion is sensed by the input capture edge detectorat
IC_A. This transition is software programmabie
through the IEDGH1 bit of the Timer Control Regis-
ter (TCR). When IEDG1 is set, a rising edge trig-
gers the capture; when IEDGH1 is low, the capture is
triggered by a falling edge. Care must be taken
with the extermnal circuitry to avoid unwanted inter-
rupts when changing the interrupt edge.

When an input capture occurs, the flag ICF1 in
Timer Status Register (TSR) is set. An interrupt is
requested if the interrupt enable bit ICIE of TCR is
set, provided the 1 bit of the CCR is cleared. Other-
wise, the interrupt remains pending until both con-
ditions become true. It is cleared by reading the
Timer Status Register TSR followed by an access
(read orwrite) to the LSB of ICR1.

Figure 16. Timer Timing Diagram

The result stored in ICR1 is one more than the
value of the free running counter on the rising edge
of the internal processor clock preceding the active
transition at pin IC_A (see Figure 17). This delay is
required for internal synchronization. Therefore,
the timing resolution of the input capture system is
one count of the free running counter, i.e. 2internal
clock cycles.

The free running counter is transferred to ICR1 on
each proper signal transition regardiess of whether
the Input Capture Flag ICF1 is set or cleared. The
ICR1 always contains the free running counter
value which corresponds to the most recent input
capture.

After a read of the MSB of ICR1 (ICHR1), counter
transfer of input capture isinhibited until the LSB of
ICR1 (ICLR1) is also read. This characteristic
forces the minimum puise period attainable to be
determined by the time to service the interrupt and
to execute the interrupt routine.

A read of ICLR1 does not inhibit the counter trans-
fer. Again, minimum pulse periods are the ones
which allow software to read the least significant
byte and perform needed operations. There is no
conflict between the read of ICR1 and the running
counter transfer since they occur on opposite
edges of the internal processor clock (see Fig-
ure 17).

The ICR1 is undetermined at power-on and is not
affected by an external reset. Hardware circuitry
has to provide protection from generating a wrong
input capture when changing the edge sensitivity
option of IC_A input through the IEDG1 bit.
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16 BIT TIMER (Continued)

During the HALT mode, if at least one valid input
capture edge occurs at the IC_A input, the input
capture detect circuitry is armed. This action does
not set any timer flags nor “wake-up” the MCU. If
the MCU is awaken by an interrupt, there is an ac-
tive input capture flag and data from the first valid
edge that occurred during the HALT mode. If the
HALT mode is exited by a reset, the input capture
detect circuitry is reset and thus, any active edge
that happenedduring the HALT mode is lost.

input Capture Register 2 (ICR2) is a 16-bitregister
made up of two 8-bitregisters: the mostsignificant byte
register (ICHR2), located at 001Ch, and the least sig-
nificant byte register (ICLR2) located at 001Dh.

The previous description shown for Input Capture
Register 1 is also applicable for the Input Capture
Register 2, with the exception that Input Capture
Register 2 is triggered only on a negative edge on
input IC_B and with the substitution of the appro-

Figure 17. input Capture Timing Diagram

priate index in the bit and register names.
Output Compare.

There are two output compare registers: Output
Compare Register 1 and 2 (OCR1 and OCR2).
They can be used for several purposes such as
controlling an output waveform or indicatingwhen
a period of time has elapsed. OCMP1 pin is asso-
ciated with output compare 1; no pin is associated
with Output Compare 2 which can be used for the
generation oftimer interrupts.

The Output Compare Registers are unique be-
cause all bits are readable and writableand are not
affected by the timer hardware and reset. If a com-
pare function is not used, the two bytes of the cor-
responding Output Compare Registers can be
used as storage locations. Note that the same out-
put compare interrupt enable bit is used for both
output compares.

CPU CLOCK ] l |

T10 1

TIMER INTERNAL

ICAP REGISTER

]
|
| [
CLOCKS T '__'l : _I
T
|
COUNTER
REGISTER o X =2 X FF03lh X
i
1
!
IC INPUT L i
(see note) :
I
ICAP FLAG )I’
:
l
X

FFO3h

1
VR01965

Note. The diagram represents the case of a rising edge sensitivity (IEDG1=1). The capture is performed atthe next rising edge of T11, if the

action edge of ICAP happened before the previous T10 falling edge.
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16 BIT TIMER (Continued)

Output Compare Register 1. The Output Com-
pare Register 1 (OCR1)is a 16-bit register, which
is made up of two 8-bit registers: The most signifi-
cant byte register (OCHR1) at address 0016h and
the least significant byte register (OCLR1) at ad-
dress 0017h.

The content of OCR1 is compared with the content
of the free running counter once during every timer
clock cycles, i.e. every 2 internal processor clock
periods. If a match is found, the Output Compare
Flag OCF1 of the TSR is set and the Output Level
bit (OLVL1) of the TCR is clocked to the OCMP1
pin (see output compare timing diagram on Fig-
ure 19).

OLVL1 is copied to the corresponding output level
latch and hence, to the OCMP1 pin regardiess of
whether the Output Compare Flag (OCF1)is setor
not. The value in the OCR1 and the OLVL1 bit
should be changed after each successful compari-
son in order to control an output waveform or es-
tablish a new elapsed timeout.

An interruptfollows a successful output compare if
the correspondinginterrupt enable bit OCIE of the
TCR is set, provided the I-bit of the CCR is cleared.
Otherwise, the interrupt remains pending until both

Figure 18. Output Compare Timing Diagram

conditions are true. It is cleared by a read of TSR
followed by an access to the LSB of the OCR1.

After a processor write cycle to the OCHR1 regis-
ter, the output compare function is inhibited until
the OCLR1 is also written. Thus, the user must
write both bytes if the MSB is written first. A write
made to only the LSB will not inhibit the compare
function. The minimum time between two succes-
sive edges on the OCMP1 pin is a function of the
software program.

The OCMP1 output latch is forced low during reset
and stays low until valid compares change itto a
high level. Because the OCF1 fiag and the OCR1
are undeterminate at power-on and are not af-
fected by an external reset, care must be exercised
when initiating the output compare function with
software. The following procedure is recom-
mended to prevent the OCF1 flag from being set
between the time it is read and the write to OCR1:

Write to OCHR1 (further compares are inhibited).

Read the TSR (first step of the clearance of OCF1
[it may be already set)).

Write to OCLR1 (enables the output compare func-
tion and clears OCF1).
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Note 1. The CPU write to the compare registers may take place at any time buta compare only occurs at timer state T11. Thus a 2-cycles
difference may exist between the write to the compare register and the actual compare.
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16 BIT TIMER (Continued)

Output Compare Register 2. The Output Com-
pare Register 2 (OCR2) is a 16-bit register, which
is made up of two 8-bit registers: the most signifi-
cant byte register (OCHR2) at address 0001Eh
and the least significant byte register (OCLR2) at
address 0001Fh.

This register works as the Output Compare Regis-
ter 1. For a complete description, please refer to
the above and substitute the appropriate index in
the bit and register names.

Software Force Compare. The force compare ca-
pability main purpose is to facilitate fixed frequency
generation.

When the Force Output Level 1 bit (FOLV1) of TCR
is writtento 1, OLVL1 is copied to pin OCMP1. To
provide this capability, internal logic allows a single
instruction to change OLVL1 and causes a forced
compare with the new value of OLVL1. OCF1 is
not affected and thus, no interrupt request is gen-
erated.

2.3.3 Register Description
TIMER CONTROL REGISTER (0012h)

Read/Write
Reset Value: 0000 00x0 (00h or 02h)
7 0

ICIE | OCIE | TOIE |FOLV2|FOLV1|OLVL2]|IEDG1|OLVL1

b7 =1CIE Input Capture interrupt Enable

If ICIE is set, a timer interrupt is enabled whenever
the ICF1 status flags of TSR are set. If the ICIE bit
is cleared, the interrupt is inhibited.

b6 = OCIE: Output Compare Interrupt Enable

if OCIE is set, a timer interrupt is enabled when-
ever the OCF1 or OCF2 status flags of TSR are
set. If the OCIE bit is cleared, the interrupt is inhib-
ited.

b5 =TOIE: Timer Overflow Interrupt Enable

If TOIE is set, a timer interrupt is enable whenever
the TOF status flag of TSR is set. If the TOIE bit is
cleared, the interrupt is inhibited.

b4 =FOLV2: Force Output Compare 2

This bit has no affect. FOLV2 is cleared by a sys-
tem reset.

b3 =FOLV1: Force Output Compare 1

When written to 1, FOLV1 forces OLVL1 to be cop-
ied tothe OCMP pin.

b2 = OVL2: Output Level 2. This bit has no affect.

30/95
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b1 =IEDG1: Input Edge 1

The value of the IEDG1 determines which level
transition on IC_A input will trigger a free running
counter transfer to the ICR1. When IEDG1 is high,
a rising edge triggers the capture since when low,
a falling edge does.

b0 =OLVL1 Output Level 1
The OLVLA1 bit is copied to the OCMP1 pin when-
ever a successful comparison occurs at OCR1.

TIMER STATUS REGISTER (0013h)

Read Only
Reset Value: Undefined
7 0

ICF1 | OCF1| TOF | ICF2 | OCF2 0 0 0

b7 =1CF1 Input Capture Flag 1

ICF1 is set when a proper edge has been sensed
by the input capture edge detector at IC_A. The
edge is selected by the IEDG1-bitin TCR. ICF1 is
cleared by a processor access to the TSR while
ICF1 is set followed by an access (read or write) to
the low byte of ICR1 (ICLR1).

b6 = OCF1 Output Compare Flag 1

OCF1 is set when the content of the free running
counter matches the content of OCR1. ltis cleared
by a processor access of TSR while OCF1 is set
followed by an access (read or write) to the low
byte of OCR1.

b5 =TOF Timer Overflow

TOF is set by a transition of the free running
counter from FFFFh to 0000h. It is cleared by a
processoraccess to TSR while TOF is setfollowed
by an access (read or write) to the low byte of the
counter low register. TOF is not affectedby an ac-
cess to the Altemate Counter Register.

b4 =ICF2 Input Capture Flag 2

ICF2is set when a negative edge has been sensed
by the input capture edge detectorat IC_B.ICF2is
cleared by a processor access to the TSR while
ICF2is set followed by an access (read or wiite) to
the low byte of ICR2 (ICLR2).

b3 = OCF2 Output Compare Flag 2

OCF2 is set when the content of the free running
counter matches the content of OCR2. Itis cleared
by a processor access of TSR while OCF2 is set
followed by an access (read or write) to the low
byte of OCR2.

b2-0 =Unused, read as ’'0'.
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16 BIT TIMER (Continued)
INPUT CAPTURE REGISTER 1, High Byte (0014h)

Read Only
Reset Value: Undefined
7 0

IC1.15] IC1.14| IC1.13] IC1.12] IC1.11] IC1.1Q IC1.8] IC1.8

INPUT CAPTURE REGISTER 1, Low byte (0015h)

Read Only
Reset Value: Undefined
7 0

iIc17 {1IC16 | ICi5} IC14) IC1.3| IC1.2] IC11]| IC10

OUTPUT COMPARE REGISTER 1, High byte (0016h)

Read/Write
Reset Value: Undefined
7 0

0C1.15|0C1.140C1.13 OC1.14 OC1.11 OC1.1€ oc1.9| OCc1.8

OUTPUT COMPARE REGISTER 1, Lowbyte (0017h)

Read/Write
Reset Value: Undefined
7 [0}

Oc1.7 |oc1.6| oC1.5] OC1.4]| OC1.3| OC1.2] OC1.1] OC1.0

COUNTER REGISTER, High byte (0018h)

Read Only
Reset Value: 1111 1111 (FFh)
7 0

c1is| C14 | C13 | C12 ) C11| C.10 C.9 C.8

COUNTER REGISTER, Low byte (0019h)

Read/Write
Reset Value: 1111 1100 (FCh)

7 0

Cc7 (0% ] C5 Cc4 c3 c.2 CAi c.o

Writing to this Register will cause the counterto be
reset to its reset value of FFFCh. Flags and enable
bits remain unaltered by this operation.
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ALTERNATE COUNTER REGISTER
High byte (001Ah)

Read Only
Reset Value: 1111 1111 (FFh)
7 0

AC.15| AC.14| AC.13| AC.12] AC.11| AC.10| AC.8 | AC.S8

ALTERNATE COUNTER REGISTER
Low byte (001Bh)

Read/Write
Reset Value: 1111 1100 (FCh)

7 0

AC7 | AC6 | ACS5 | AC4 | AC3 | AC2| AC1 | AC.O

Writing to this Register will cause the counter to be
reset to its reset value of FFFCh. Flags and enable
bits remain unaltered by this operation.

INPUT CAPTURE REGISTER 2, High byte (001Ch)

Read Only
Reset Value: Undefined
7 0

1C2.15| IC2.14| IC2.13| 1C2.12| IC2.11] IC2.1Q 1C2.9] IC2.8

INPUT CAPTURE REGISTER 2, Low byte (001Dh)

Read Only
Reset Value: Undefined
7 o

IC2.7 | IC26 | 1IC25] 1C2.4| 1C2.3]| 1IC2.2] IC2.1] IC2.0

OUTPUT COMPARE REGISTER 2, High byte (001Eh)

Read/Write
Reset Value: Undefined
7 o]

oc2.15{0c2.140c2.14 0C2.13 0C2.1{ 0C2.1¢ OC2.9] OC2.§

IOTA -2t

OUTPUT COMPARE REGISTER 2, Lowbyte (001Fh)

Read/Write
Reset Value: Undefined
7 0

0C2.7 | OC2.6 | OC2.5| OC2.4| OC2.3] OC2.2| OC2.1| OC2.0
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2.4 SYNC PROCESSOR

2.4.1 Introduction

The Sync Processor handles all the management
tasks of the video synchronisation signals, and is
used with the Timer and software to provide informa-
tion and status on the video standard and timings.

Separated Horizontal and Vertical Synchronization
pulses, provided on the HSYNCI and VSYNCI
pins, are accepted, with polarity detection by sofi-
ware. In this case HSYNCO = HSYNCIH (with pro-
grammable polarity inversion), without any
blanking.

Alternatively a composite sync signal (sync pulses
only) may be provided on CSYNCI (orthe HSYNCI
pin), with automatic synchronisation pulse extrac-
tion (with polarity detection by software).

Extraction of VSYNCO may be made from a com-
posite signal (OR, XOR or serration combinations
of Horizontal and Vertical components).

Note. If the input is a composite signal both
VSYNCO and HSYNCO will be extracted (the lat-
ter blanked during VSYNCO pulse as far as poten-
tial sermration pulses are concerned).

Processed sync pulses may be output to external
parts of the circuit through the HSYNCO and
VSYNCO pins with programmable polarity. An in-
dependent programmable-duration back-porch
{clamping) output signal (CLMPO) may also be
combined externally to extend the Horizontal sync
output on HSYNCO. In the case of extraction of
HSYNCO and VSYNCO from CSYNCI this signal
is suppressed during vertical blanking.

2.4.2 Functional Description

The function of the Sync Processor can be sum-

marized as the 4 following tasks:

- Check the presence of input signals (VSYNCI,
HSYNCI and CSYNCI)

- Polarity Detection (VSYNCI, HSYNCI and
CSYNCI)

- HSYNCO, VSYNCO Extraction
- Video Standard Discrimination

These tasks are performed by the Sync Processor
in close conjunction with the Timer, and user soft-
ware.

The block diagram of the Sync Processoris shown
in Figure 20. This also shows the intemal connec-
tions to the Timer Input Capture A (IC_A) and Input
Capture B (IC_B).
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Checking the presence of input signals

The Sync Processor offers two techniques for
checking the prescence of signals, a software in-
tensive direct check and an indirect check which is
interrupt driven and uses the hardware of the Sync
Processor. This second technique thus offers
more time for other tasks.

Direct Check

The direct check is made by monitoring the input
status directly on the I/O pins. To do this, the inter-
nal multiplexors of the Sync Processor are set to
allow the direct pass-through of the incoming syn-
chronization signals through to the comesponding
output:

HSYNCI => HSYNCO (PD1)
VSYNCI =>VSYNCO (PD2)

The corresponding sync output pins are setto the
normal IO mode (by setting the SYNOP bit of
PIOCR) and the state of the inputs are read overa
period of time in order to detect any transitions on
the input. If found it can be assumed that signals
are present.

CSYNCI can be monitored by using the PDO input
function directly.

Indirect Check

To use the indirect check, the multiplexers are set
to connect the VSYNCI input to Timer Input Cap-
ture A and and HSYNCI or CSYNCI to the Input
Capture B.

stepl - Checking VSYNCI. Any interrupt request
coming from IC_A is monitored. (On detecting
VSYNCI, the software may either detect the
VSYNCI polarity or check for the presence of
HSYNCI).

stepll - Checking HSYNCI. The input HSYNCl is
connected directly to 1IC_B. An interrupt requestis
waited for (on detecting HSYNCI, the software
may either detect the HSYNCI polarity orcheck the
CSYNCI presence).

step Il - Checking CSYNCI. The CSYNCI input
is connected directly to IC_B. An interrupt request
is waited for.

Note. Input Capture A edge detection polarity may
be selected to be positive or negative.

input Capture B edge detection polarity is fixed to
negative edges.

Steps I-lll may be carried out in parallel.
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SYNC PROCESSOR (Continued)

Figure 19. Sync Processor Block Diagram
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SYNC PROCESSOR (Continued)

Polarity Detection.

The Sync Processor again offers two techniques for
checking the polarity of signals, a software intensive
direct check and an indirect check which uses the
hardware of the Sync Processor. This second tech-
nigue thus offers mare time for othertasks.

Indirect Polarity Detection

To check signal polarity with the indirect method,
the internal 5-bit up/down counter is used. At the
beginning of the detection phase, "11111’ is written
into the SYNC control register (CVM bits). These
bits are updated by the 5-bit counter value at every
detected edge (for example: positive) on the signal
considered. The counter increments when the sig-
nal is high; otherwise it decrements.

Software can thus check the SYNC Processor cap-
ture register after an interrupt (with the signal con-
nected to IC_A or IC_B) or by polling. In caseof a
positive polarity, the capture value will be ‘00000’
as the counter stays at this value after underflow-
ing. Otherwise, it will be different to 00000’ (as-
sured by the resolution of the counter) and thus be
negative polarity.

Figure 20. Horizontal Sync. Input Timing

This one-shot detection approach covers separate
HSYNCI and VSYNCI signals only. In case of a
composite incoming signal, the software should
consider reading the Sync Processor register
every 7 or 8 interrupt requests, ora number oflines
to ensure that the readings are outside the vertical
blanking period and to minimize the possibility of
misleading polarity values.

Direct Polarity detection

The alternative, software intensive, technique is to
read the status of the VSYNCI and HSYNCI sig-
nals through the /O pins as summarized in the pre-
vious task description.

An average value can be determined by counting
(in software)the number of times the level is’1’ and
the number of times the level is ’0’ over a period
lasting several frame or line periods or by repeat-
ing the counting several times over an equal pe-
riod. The total values can then be compared and
the greater of the counts between *1’ and '0’ indi-
cates the signal polarity.

or.

| |
| f
I [
I

Hor. total time: min. 8.33u. s, max. 33.33u. s

Sync. puise width: min. 1.0us, max. 3.92us

P
¥

(120kHz) (30kHz)

VRO1961

Figure 21. Vertical Sync. Input Timing

or:
I I |
I ] Ver. total time: min. 8.33ms, max. 25ms ;
<> (120Hz) (40Hz) I
Sync. pulse width: min. 0.0384ms, max. 0.125ms
VRO1961A
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SYNC PROCESSOR (Continued)

VSYNCO Extraction

VSYNCO is extracted from CSYNC! with the aid of
the 5-bit up/down counter. Initially, the width of a
Horizontal sync component pulse is determined
automatically by the hardware, which defines a
threshold for the counter (which may be replaced
with an optional user defined value including a tol-
erance factor), the circuit then monitors for any in-
coming period greater than this captured value.
This is then processed as the VSYNCO signal.

The user software should first select the acquisition
mode to measure the intemal Horizontal syne com-
ponent puise width. The time-equivalent value is
read after this value is captured in the intemal regis-
ter. If a user-definedtolerance is to be added, then
an updated value can be re-written into the register.

The capture occurrence can be indicated by the
timer Input Capture interrupt or noted by reading a
new value on the Sync Processor Control Register.
After this step, the software should set the extrac-
tion mode to continue the VSYNCO generation by
hardware as shown in the following paragraph fora
negative polarity signal.

In extraction mode, the 5-bit comparator checks
the counter value with respect to the threshold.
When the counter reaches the threshold onits way
down, VSYNCO is asserted. During the vertical
blanking, counter value is decreased until it
reaches a programmable minimum, i.e. it does not
underflow. When the vertical period is finished, the
counter starts counting up and when the maximum
is reached, VSYNCO is negated. The extracted

signal maybe validated by software since it is input
to TimerIC_A.

The threshold is greater than the count for a
HSYNCI pulse. Serration pulses during vertical
blanking are thus filtered out. Similarly, positive
CSYNCI signals are covered by properly selecting
the edge sensitivity on the Hsync-width-measure-
ment mode.

Standard Discrimination

Discrimination of video standards is supported by
software and the Timer used in conjunction with
the Sync Processor. For this purpose, either
HfSYNCI or CSYNCIis prescaled by a fixed factor
of 256.

Note. the prescaler may be bypassed for frequency
sychronization signals lower than specified.

The function is carried out by using the Timer In-
put-Capture Channeis:

a) VSYNCl s directly connected to IC_A (after syn-
chronization).

b) HSYNCI or CSYNCI is prescaied (or not) by a
factor of 256 in the Sync Processor and then sent
to IC_B.

Signal timing can be directly calculated by the time
values between the appropriate interrupts given by
the Timer, and then used for comparison against
existing pre-defined standards. It is recommended
that several captured values are averagedto give
a more accurate timing for comparison if serration
pulses are present on CSYNCIL.

Figure 22. VSYNCO generation for a composite signal (+ serration pulses) with a negative polarity

Counter
Input

Counter value:

Max

Threshold

Min - ————— — —  — — ——

V-sync
generated

Threshold reached Max reached

HSYNCO

VR01990
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SYNC PROCESSOR (Continued)

inputs

The inputs to the Sync Processor are the Video
Synchronization strobe pulses:

VSYNCI (Vertical Sync input, TTL Level, Schmitt
triggered).

HSYNCI (Horizontal Sync input, TTL Level,
Schmitt triggered).

CSYNCI (Composite Sync input, TTL Level,
Schmitt triggered).

NOTE: The Composite Sync signal may also be re-
ceived on the HSYNCI input if this is supplied by
the external circuit and the I/O function of the cor-
responding I/O pin for CYSYNCI is required.

Input Signal Waveforms.

The input signals must contain only synchroniza-
tion pulses.

Timing characteristics of HSYNCI and VSYNCI
HSYNCE:

In case of serration pulses on CSYNCI/HSYNC|,
these pulses should be externally generated with a
minimum half-a-line delay from the VSYNCI edge.
The HSYNCI or CSYNCI signal, optionally pres-
caled by 256, is connectedto the IC_B input (Timer
Input Capture B) of the Timer.

The Timer resolution is 500ns for an external oscil-
lator frequency of 8MHz.

Outputs

HSYNCO: HSYNC Output, (CMOS Level). With
programmable polarity, this signal is blanked dur-
ing the vertical period (if the input is a composite
signal). Itsinternal propagation delay has been op-
timised to its lowest possible delay.

Figure 23. Back Porch (CLMPO) Delay

If separated HSYNCI and VSYNCI are provided,
no blanking is generated on HSYNCO.
VSYNCO:VSYNC OQutput, (CMOS Level) with pro-
grammable polarity.

VSYNCOQ s connected to IC_A, input to Timer In-
put Capture A. The input to Timer is delayed by
125ns-250ns by synchronization with the internal
clock.

CLMPO: (CMOS level) back porch clamp signal.

If VSYNCO is extracted from a composite signal,
the minimum delay is 500ns + HSYNCO pulse
width. The maximum delay is software defined (the
threshold value on extraction mode) and corre-
sponds to 8750 ns.

Notes

- Standards with less than 256 lines per frame
are NOT supported.

- If separated HSYNCI and VSYNCI are pro-
vided, no blanking is generated on HSYNCO.

- The following are not supported:
A back-porch clamp signal generator on VSYNCO.
A front-porch clamp signal generator.
Pre/post-equalizing pulses.

- No direct interrupt request is used by the Sync
Processor, although the optional interrupt in
the timer can be used by the software since
VSYNCO and HSYNCI/CSYNCI signals are
connected to Input Capture (IC_A and IC_B,
respectively).

- The Timerinterrupt Request should be masked
during a write access to the SYNC Control
Registers.

HSYNCO:

CLMPO: |_|

—+«— Maximum delay is 250ns

L

||
B
—

Programmable back porch clamping width (0; 250ns; 500ns; 1L s)

VR01961B
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SYNC PROCESSOR (Continued)

2.4.3 Register Description

Two 8-bit read/write registers are used to control
the Sync Processor:

- Counter Control Register (CCR)
- Mux Control Register (MCR)
COUNTER CONTROL REGISTER (003Dh)
Reset Value 0000 0000 (00h)
Read/Write
7 0

PSCD [ LCV1 |LCVO | Cv4 | Cv3 | CV2 | €W cvo

b7 = PSCD: Prescaler Disable.
- If setto '0' the 8-bit Prescaler is enabled.

- If set to '1’ the B8-bit Prescaler is disabled and
presetto 1111 1110b.

b6-5=LCV1,LCV0:VSYNCO Extraction Control Bits

LCV1|LCVO VSYNCO Control Bits

Acquisition mode

CSYNCI/HSYNCI Negative polarity
Counter capture on input signal falling edge
Acquisition mode

CSYNCI/HSYNC! Positive polarity
Counter capture on input signal rising edge
Extraction mode

CSYNCI/HSYNCI Negative polarity
CV4-0 = counter minimum threshold
Extraction mode

CSYNCIHSYNCI Positive polarity
CV4-0 = counter maximum threshold

b4-0 = CV4-0: Counter Captured Value. These bits
correspond to the counter captured value in differ-
ent modes. Upon VSYNCO extraction, it comesponds
to a HSYNCI pulse-width measurement, which may
be changed by software before extraction.

MUX CONTROL REGISTER (003Ch)

Reset Value: 0000 0000 (00h)

0 0

bS = SCH: Horizontal/Vertical Signal Path Selection
Bit This bit selects the path for the incoming signals
towards IC_A, IC_B, VSYNCO and HSYNCO:

SCI1 =“0” if the task/objectiveis:
- VSYNCI Polarity Detection using counter

- IC_B connected to HSYNCI/CSYNCI! without
prescaling

SCI1 =“1" if the task/objectiveis:

- HSYNCI/CSYNCI Polarity Detection using
counter

- HSYNCI/CSYNCI prescaled and connected
to IC_B

- VSYNCO extraction

b4 =SCI0: HSYNCI/CSYNCI Selection Bit.
This bit selects either HSYNCVCSYNCI as input.

- 1f SCI0 = “0” -> HSYNCI pin is selected.
- § SCI0="1"-> CSYNCI pin is selected.

b3-2 =HS1, HS0: Horizontal Signal Selection Bits.
These bits allow inversion of the HSYNCI/CSYNCI
polarity, output as HSYNCO, as weli as the gen-
eration of CLMPO as follows:

HS1 | HSO HSYNC Selection Mode

CLMPO after HSYNCO rising edge
HSYNCO <- (HSYNCI,CSYNCI)

0 0

CLMPO after HSYNCOI rising edge

0 | 17 |HsyNCo < (HSYNCI, CSYNC)

CLMPO after HSYNCOI falling edge

T 1 © |HSYNCO <- (HSYNCI, CSYNC])

CLMPO after HSYNCOI falling edge
HSYNCO <- (HSYNCI,CSYNCI)

b1-0 = VOP,VIP: Vertical Signal Polarity Selection
Bits. These bits are only set/cleared by software
and are related to the polarity of the incoming and
the outgoing vertical signal.

VIP should be written 10’0’ by software after detec-
tion of a negative polarity on VSYNCI. Otherwise,
written to'1°.

VOP should be written to 'O’ by software to select a

1 1

Read/Write negative polarity for VSYNCO. Otherwise, written to
7 0 1.
BP1 BPO SCH SCI0 HS1 HSO vOP ViP VOP | VIP VSYNC Selection Mode
b7-6 = BP1, 0: Back Porch (CLMPO) width control o | o [/CAP_A <-VSYNCI
VSYNCO <- VSYNCI
BP1 | BPO Back Porch Width 0 1 |!CAP_A<-VSYNCI
VSYNGO <- VSYNCI
ol No Back Porch ICAP_A <- VSYNCI
o 11 250ns T 1 9 |vsYNCO <-VSYNCI
1 0 500ns
1 1 1000ns 1 1 ICAP_A <- VSYNCI
VSYNCO <- VSYNCI
LN7 363-THOMSON 87/%5
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2.5 DIGITALTO ANALOG CONVERTER

PULSE-WIDTH MODULATOR (PWM) +
BINARY-RATE MULTIPLIER (BRM)

2.5.1 Introduction

The ST7271 provides two types of Digital to Ana-
log Converters with differing step resolutions
based on the Pulse-Width Modulator (PWM) and
Binary Rate Multiplier (BRM) Generator technique.
These may act as digital potentiometers when
used with external filtering to control such ele-
ments as brightness, saturation/contrastand other
analog variables.

- A 10-Bit PWM/BRM with a repetition rate of
64KHz, 250ns resolution and a step of 5mV (0/5V,
excepting DA2). In the 56-pin package, 16 chan-
nels are provided with this configuration (channels
PWM2-PWM17 with outputs DA2-DA17 respec-
tively). DA2 has a fixed open-drain output, with an
external Vop capability up to 12V, while DA3-DA17
are programmable to open-drain or push-pull out-
put configuration, with a 0-Vpp (+5V) range.

- A 12-bit PWM/BRM generator (2 Channels:
PWMO and PWM1) with a repetition rate of 64KHz,
250ns resolution and a step of 1.25mV (0/5V ex-
cepting DAQ). The channels PWMO and PWMH1
correspond with outputs DAO and DA1 respec-
tively. DAO has a fixed open-drain output, with an
external Vop capabilityup to 12V, while DA1 is pro-

2.5.2 Functional Description
10-BITPWM/BRM

The 10-Bits of the 10-bit PWM/BRM are distributed
as 6 PWM bits and 4 BRM bits. The generatorcon-
sists of a 10-bit counter (common for allchannels),
a comparator and the PWM/BRM generation logic.

PWM Generation

The counter increments continuously, clocked at
the Main oscillator frequency divided by 2 (with a
period tcik = 1/foik = 250ns). Whenever the 6-
Least Significant bits of the counter (defined as the
PWM counter) overflow, the output level for all ac-
tive channels is set.

The state of the PWM counter is continuously com-
pared to the PWM binary weight for each channel,
software-defined in the relevant PWM register, and
when a match occurs the output level for that chan-
nel is reset.

This Pulse Width modulated signal is to be filtered
with an external RC network, placed as close as
possibie to the associated pin. This provides an
analog voltage proportional to the average charge
passed to the external capacitor. Thus fora higher
mark/space ratio (High time much greater than
Low time) the output voltage is higher. The exter-
nal components of the RC network should be se-
lected to give the optimum filtering levelneededto
control the system variable.

Each output may individually have its polarity in-

grammable to open-drain or push-pull output con-  verted by software action.
figuration, with a 0-Vpp (+5V) range.
Figure 24. PWM Generation
COUNTER
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COMPARE : 0
VALUE ; !
] |
I |
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000 { !
! I § | 1
| | ! | 1
i 1 I i I
! | I | |
I i I | i
PWM OUTPUT ! ! | ' l
A ) [ \ A'
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DIGITALTO ANALOG CONVERTER (Continued)

Figure 25. Typical PWM Output Filter 6-Bit PWM Ripple After Filtering
C (uF) Vpe_rippLE (MV) T (ms)
0.256 78 0.256

2.56 7.8 2.56

1k
— . OUTPUT 25.6 0.78 256
PWM out + — J_ VOLTAGE
c Assuming RC filter (R=1kQ) and Vpp =5V

T PWM Duty Cycle 50%
VA01955 Step = 5V/64 = 78mV which requires a minimum

1 (filter time constant) of M = 256us

to ensure integral linearity of +0.5LSB

Figure 26. PWM Simplified Voltage Output After Filtering (2 examples)
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DIGITALTO ANALOG CONVERTER (Continued)

BRM Generation

The BRM bits allow the addition of a 250ns-pulse
to widen a standard PWM pulse at specific PWM
cycles. This has the effect of “fine-tuning” the PWM
Duty cycle (without modifying the base duty cycle),
thus, with the external filtering, providingadditional
fine voltage steps.

The incremental pulses (with duration of ftik =
1/feLk = 250ns) are added to the beginning of the
original PWM pulse. The PWM intervals which are
added to are specified in the 4-bit BRM register
and are encoded as shown in the following table.
The BRM values shown may be combined to-
gether to provide a summation of the incremental
pulse intervals specified.

The pulse increment corresponds to the PWM

Note. If data 00h is written to both PWM and BRM
registers, the generator output will remain at “0”.
Conversely, if both registers hold data 3Fh and
OFh, respectively , the output will remain at ”1” for
all intervals #1 < i < #15, but it will return to zero at
interval #0 foran amount of time comespondingto
the PWM resolution (250ns).

An output can be set to a continuous “1” level by
clearing the PWM and BRM values and setting
POL = "1” (inverted polarity) in the PWM register.
This allows a PWM/BRM channelto be used as an
additional I/O pin if the DAC function is not re-
quired.

Table 7. 4-Bit BRM Added Pulse Intervals
(interval #0 not selected)

resolution. For example, if data 18h is written to the .
PWM register and data 06h (00000110b) to the BRM 4-BitData | Incremental Pulse Interval #
BRM register, for a 4 MHz internal clock (250ns 0000 none
resolution), a 6.0 us-long pulse will be output at
every 64us interval except at those numbered as 0001 i=8
#2,4,6,10,12,14 where the pulse is broadened to )
6.25ps. 0010 i=4,12
0100 i=26,10,14
1000 i=1,3,5,7,9,11,13,15
Figure 27. BRM pulse addition (PWM > 0)
m=0 m=1 m=2 m=15
16us [ 16us | 16us | 16us |
I il ) il I T
| |
1 - -
o | Bus |
— r
250ns increment
VR01953
40/95 SCS-THOMSON
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DIGITAL TO ANALOG CONVERTER (Continued)

Figure 28. Simplified Filtered Voltage Output Schematic with BRM Added

le = | - I |
Vop | ! | |
PWMOUT '
ov — 1
Vpp —+-——————=———{ b —— b ————— o f—— === ————————1 F———+ Voutave :
e ~— BRM=1
OUTPUT " BRM=0
VOLTAGE P~
ov
. 250ns
BRM
EXTENDED PULSE
VR01958
Figure 29. Graphical Representation of 4-Bit BRM added pulse Positions
BRM VALUE PWM Pulse Number {0-15)
o 1 2 3 4 5 66 7 8 9 10 11 12 13 14 15
0001 bit0=1 |
0010 bit1=1 I !
0100 bit2=1 I l I I
1000 bit3=1 I l l l I l I
Exomples
0110
111

VR0O1957
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DIGITAL TO ANALOG CONVERTER (Continued)

12-Bit PWM/BRM

The 12 Bits of the two channels of the 12-bit
PWM/BRM generator are distributed as 6 PWM
bits and 6 BRM bits. The two 12-bit channels corre-
spond to PWMO0 and PWM1, and outputs DAO and
DA1 respectively.

PWM Generation

The functionality of the PWM generationis equiva-
lent to the PWM generation of the 10-bit PWM/BRM
described in the previous paragraph and so will not
be repeatedhere. Please referto the previous para-
graph for functionality, to be used in conjunction
with the following Register description.

BRM Generation

A 6-bit BRM register defining the intervals where
an incremental pulse (with duration of tik =
1/fcLk=250ns) is added to the beginning of the
original PWM pulse.

Table 8. 6-Bit BRM Added Pulse Intervals
(interval #0 not selected)

BRM 6-Bit Data Incremental Puise interval #
000000 none
000001 i=32
000010 i= 16,48
000100 i= 8,24, 40,56
001000 i=4,12,20, 28, 36, 44,52, 60
010000 i=2,6,10,14,...,50, 54, 58, 62
100000 i=13579,..55, 59, 61, 63

2.5.3 Register Description

10-bit PWM/BRM REGISTERS

On a channel basis, the 10 bits are separated into
two data registers:

A 6-bit PWM register corresponding to the binary
weight of the PWM pulse.

A 4-bit BRM register defining the intervals where
an incremental pulse is added to the beginning of
the original PWM puise. Two BRM channel values
share the same register.

PULSE BINARY WEIGHT REGISTER
Register PWMi, i=2,17 (see register map)
Reset Value 1000 0000 (80h)
PWM Pulse Binary Weight

7 0

1 POL P5 P4 P3 P2 P1 PO

b7 = Reserved (read as a “1”)

b6 =POL Polarity Bit. When POL is set, output sig-
nal polarity is inversed; otherwise, no change oc-
curs.

b5-0 = P5-P0 PWM Pulse Binary Weight for chan-
nel i

Figure 30. Precision for PWM/BRM Tuning for Vourerr (After Filtering)

0 Vo
I
6-Bit [ A W S 7 Wy i O A A YRS
PWM | U\ | —7/1 | | | | 10F 2 each
+ e T
e ~§_“~—\
4_Bit 1 1 5 10 T~
BRM —t—+—t+t—+— 1;5 16 SUB STEPS OFV;'D each
1024
OR ! ,
6—Bit 1 10 20 40 50 63 Vi
HHHHHHHH Y At HH->-] 64 SUB STEPS OF 2 each
BRM 4096
VRO1960
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DIGITAL TO ANALOG CONVERTER (Continued)
BRM REGISTER
Register BRMi and BRM(i+1), i=2,16
Reset Value: 0000 0000 (00h)
7 0

B7 B6 85 B4 B3 B2 B1 BO

b7-4 =B7-B4 BRM Bits (channel i+1)
b3-0 =B3-B0 BRM Bits (channel i)

12-bit PWM/BRM REGISTERS

For each of the two channels, the 12 bits are sepa-
rated into two data registers:

A 6-bit PWM register corresponding to the binary
weight of the PWM pulse.

A 6-bit BRM register defining the intervals where
incremental pulses are added to the beginning of
the original PWM pulse.

PULSE BINARY WEIGHT REGISTER
Register PWMi, i=0,1 (see register map)

Note : From the programmers point of view, the
PWM and BRM registers can be regarded asbeing
combined to give one data value.

For exampie :
7 PWM 0 3 BRM 0

olplPp|P|PlP|P|P|+]|B|B|B|B

Effective* DAC value
11 8 7 = 0

olp|PlP|P|P|P|P|B|B|B|B

* with external RC filtering

PWM/BRM OUTPUTS

The PWM/BRM outputs are assigned to the foliow-
ing pins (unless otherwise stated, they are 10-Bit
PWM/BRM, push-pull/open-drain output (0-Vpp)
configuration):

Table 9. PWM/BRM Pin Assignment

Reset Value: 1000 0000 (80h) PWMWBRM Pin PWM/BRM Pin
PWM Pulse Binary Weight o't DA.O 10® DA.10

7 2 10 DA.1 1® DA.11

1 poL | Ps | Pa | pa | P2 | P1 PO 2@ DAZ ) .
b7 = Reserved.(rea.d asa“1”) . . 3 DA3 13@ DA13
b6 =POL Polarity Bit. When POL is set, output sig-
nal polarity is inversed; otherwise, no change oc- 4 DA.4 149 DA.14
Curs. 5 DA5S 159 DA.15
b5-0 =P5-P0 PWM Pulse Binary Weightfor chan- i '
nel i 6 DA.6 16® DA.16
BRM REGISTER 7 DA.7 179 DA.17
Register BRMi, i=0,1 5 A
Reset Value: 1100 0000 (COh) 8

7 0 9 DA.9

— | — | s | B4 [ B3 | B2 | BT | BO Notes:

; . ; ?-B;t gwwgnm
—_ . PIXe n-Lramn
b7-6 =Unused 3. Not pre::nt in 42 pin package
b5-0 = B5-B0 BRM Bits (channei i)
43/95
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2.6 SERIAL PERIPHERAL INTERFACE

2.6.1 Introduction

The Serial Peripheral Interface (SPI) is an interface
which allows several MCUs orperipheralsto be in-
terconnected within a single “black box” or on the
same printed circuit board.

With the SPlinterface, separate wires (signals) are
required for data and clock. In the SPI format, the
clock is not included in the data stream and uses a
separate signal. An SPI system may be configured
as containing one master MCU and several slave
MCUSs, or as a system in which a MCU s capable
of being either a master or a slave.

The SPlfeatures:

- Full duplex, three-wire synchronous transfers
- Master or slave operation

- 2 MHz (maximum) master bit frequency

- 4 MHz (maximum) slave bit frequency

- Four programmable master bit rates

- Programmable clock polarity and phase

- End of transmission interrupt flag

- Write collision flag protection

- Master-Master mode fault protection

2.6.2 Functional Description

A block diagram of the serial peripheral interface
(SPI) is shown in Figure 31. In a master configura-
tion, the master start logic receives an input from
the CPU (in the form of a write to the SPIrate gen-
erator data register) and originates the system
clock (SCK) based on the internal processor clock.
This clock is also usedinternally to control the con-
trol logic as well as the 8 bit shift register.

As a master device, data is parallel loaded into the
8 bit shift register (from the internal bus) during a
write cycle and then shifted out serially to the MOSI
pin for applicationto the slave device(s). During a
read cycle, data is applied serially from a slave de-
vice via the MISO pin to the 8 bit shift register. After
the 8 bit shift register is loaded, its data is parallel
transferred to the read buffer and then is made
available to the internal data bus during a CPU
read cycle.

In a slave configuration, the slave start logic re-
ceives a logic low (from a master device) at the 33
pin and a system clock input (from the same mas-
ter device) at the SCK pin. Thus, the slave is syn-
chronized with the master. Data from the master is
received serially at the slave MOSI pin and loads
the 8 bit shift register.

capability.
Figure 31. Serial Peripheral Interface Block Diagram
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Note. The usercan selectby mask option if the internal processor clock signals divided by 2 or not before entering the rate generator.
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SERIAL PERIPHERAL INTERFACE (Continued)

After the 8 bit shift register is loaded, its data is par-
allel transferredto the read buffer and then is made
available to the internal data bus during a CPU
read cycle.

During a write cycle, data is parallelloaded into the
8 bit shift register from the internal data bus and
then shifted out serially to the MISO pin for applica-
tion to the master device.

Figure 33 illustrates the MOSI, MISO and SCK
master-siave interconnections. Note that the mas-
ter 88 pin is tied to a logic high and the slave SS
pin istied to a logic low.

2.6.3 Inputs and Outputs

The four basic signals (MOSI, MISO, SCK andS5)
are described in the following paragraphs. These
signals are enabled for the corresponding pins of
Port C by setting the SPIE bit of the Serial Periph-
eral controi register (if these bits have been config-
ured with a pull-up resistorthrough the PUPC bit of
the Programmable Input/Output Register, then the
pull-up is disabled and the port bits use the push-
pull output configuration automatically). Each SPI
signal functionis described for both the masterand
slave mode.

Figure 32. Data Clock Timing Diagram

Master Out Slave In (MOSI)

The MOSI pin is configured as a data outputin the
master (mode) device and as a data input in the
slave (mode) device.

In this manner data is transferred serially from a
master to a slave on this line, most significant bit
first, least significant bit last. The timing diagram of
Figure 32 summarizes the SPI timing diagram
shown in the electrical specifications and shows
the relationship between data and clock (SCK).

Figure 32 also shows the four possible timing rela-
tionships which may be chosen by using the SPI
control bits CPOL and CPHA. The master device
always allows data to be applied on the MOS! line
one half-cycle before the clock edge (SCK) toallow
the slave device to latch the data.

Both the slave device(s) and a master device must
be programmed to similar modes for proper data
transfer.

When the master device transmits data to a sec-
ond (slave) device via the MOSl line, the slave de-
vice responds by sending data to the master
device via the MISO line. This implies full duplex
transmission with both data out and data in syn-
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SERIAL PERIPHERAL INTERFACE (Continued)

chronized with the same clock signal (which is pro-
vided by the master device). Thus, the byte trans-
mitted is replaced by the byte received and
eliminates the need for separate transmit-empty
and receiver-full status bits. A status bit (SPIF) in
the serial peripheral status register (SPSR), loca-
tion 0043h, is used to signify that the 1/O operation
is complete.

Configuration of the MOSI pin is a function of the
MSTR bit in the serial peripheral control register
(SPCR, location 0042h). When operating as a
master, the user should set the MSTR bit to a logic
one, giving the MOSI pin as an output.

Master In Slave Out (MISO)

The MISO pin is configured as data input in a
master (mode) device and as data output in a
slave (mode) device. Data is transferred serially
from a slave to a master on this line, most signifi-
cant bit first, least significant bit last. The MISO
pin of a slave device is placed in the high-imped-
ance state if it is not selected by the master, i.e.,
its 55 pin is a logic one. The timing diagram of
Figure 32 shows the relationship between data
and clock (SCK).

In the master device, the MSTR control bit in the
serial peripheral control register (SPCR, location
0042h) should be to a logic one (by the program) to
allow the master device to receive data on its MISO
pin. In the slave device, its MISO pin is enabled by
the logic 1 level of the 85 pin, ie., if 35 =1, then
the MISO pin is _placed in the high-impedance
state, whereas if =0 the MISO pin is an output
for the slave device.

Figure 33. SPI Master-Slave Interconnections

Slave Select (S5

The slave select ) pin is an alternate input func-
tion on PORT C pin 5 (PCS5) enabled by setting the
SPE bit of the senal pernipheral control register. 1t re-
ceives an active low signal thatis generated by a mas-
terdevice to enable slave devices to acceptdata.

To ensure that data will be accepted by a slave de-
vice, the 55 signal line must be a logic low prior to
occurence of SCK (system clock) and must remain
low until after the last (eighth) SCK cycle.

Figure 32 illustrates the relationship between SCK
and the data for two different level combinations of
CPHA, when SS is pulled low. These are :

a) CPHA = 1 or 0, the first bit of data is applied to
the MISO line for transfer, and,

b) when CPHA = 0 the slave device is prevented
from writing to its data register.

The state of the 5SS input and of the CPHA bit may
have an effect on the 1/0 data register, refer to fol-
lowing sectiontitled “Coliision Detection”.

A high level SS signal forces the MISO (master
in/slave out) line to the highimpedance state. In
addition, SCK and the MOSI! (master out/slave in)
line are ignored by a slave device when itsSS sig-
nal is high.

When a device is a master, it constantly monitors
its S8 signal input for a logic low. The master de-
vice will become a slave device any time itsSS sig-
nal input is detected low. This ensures that there is
only one master controlling the S5 line for a par-
ticular system.
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SERIAL PERIPHERAL INTERFACE (Continued)

When the S8 line is detected low, the master
clears the MSTR control bit (SPCR). Also, control
bit SPE in the serial peripheral control register is
cleared which causes the serial peripheral inter-
face (SPI) to be disabled (port C SPI pins become
inputs). The MODF flag bit in the serial peripheral
status register (SPSR) is also set to indicate to the
master device that another device is attempting to
become a master. Two devices attempting to be
master are normally the result of a software error,
however, a system could be configured containing
a default master which would automatically “take-
over” and restart the system.

Serial Clock (SCK)

The serial clock is used to synchronize the move-
ment of data both in and out of the device through
its MOS! and MISO pins. The master and slave de-
vices are capable of exchanginga data byte of in-
formation during a sequence of eight clock puises.
Since the SCK is generated by the master device,
the SCKline becomes an input on all slave devices
and synchronizes slave data transfer. The type of
clock and its relationship to data are controlled by
the CPOL and CPHA bits in the serial peripheral
control register (SPCR) discussed below. Refer to
Figure 32 for timing.

The master device generates the SCK through a
circuit driven by the internal processor clock. A
mask option allows the processor clock to be di-
vided by two or not, allowing the input clock to be
4MHz or 2MHz (for 8MHz oscillator).

Two bits (SPRO and SPR1) in the serial peripheral
control register (SPCR) of the master device select
the clock rate. The master device uses the SCKto
latch incoming slave device data on the MISO line
and shifts out data to the slave device on the MOSI
line. Both master and slave devices must be oper-
ated in the same timing mode as controlled by the
CPOL and CPHA bit in the senal peripheral control
register. In the slave device, SPR0O, SPR1 have no
effect on the operation of the serialperipheralinter-
face.

Collision Detection

An SPI collisionis defined as when an attemptwas
made to write to the serial peripheral data register
while a data transfer was taking place with an ex-
ternal device. The transfer continues uninter-
rupted; therefore, a write will be unsuccessful. A
“read collision” will never occur since the received
data byte is placed in a bufferin which access is al-
ways synchronous with the operation of the MCU.

M 7929237 00kL1954 2b2 A
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A coliision of a write to the serial peripheral data
register while an external data transfer is taking
place can occur both in the master mode and the
slave mode, although with proper programming
the master device should have sufficient informa-
tion to preclude this collision.

Collision in the master device is defined as a write
of the serial peripheral data register while the inter-
nal rate clock (SCK) is in the process of transfer.

The signal on the SS pin is always high on the mas-
ter device.

A collisionin a slave device is defined in two sepa-
rate modes. One problem arises in a slave device
when the CPHA control bit is a logic zero,

When CPHA is logic zero, data is latched with the
occurence of the first clock transition. The slave
device has no way of knowing when that transition
will occur; therefore, the slave device collision oc-
curs when it attempts to write the serial peripheral
data register after its S5 pin has been pulled low.
The pin of the slave device freezes the datain
its serial peripheral data register and does not al-
low it to be altered if the CPHA bit is a logic zero.
The master device must raise the SS pin of the
slave device high between each byte it transfers to
the slave device

The second collision mode is defined for the state
of the CPHA control bit being a logic one. With the
CPHA bit set, the slave device will receive a clock
(SCK) edge prior to the latch of the first data trans-
fer. This first clock edge will freeze the data in the
slave device I/O register and allow the msb of the
data onto _the external MISO pin of the slave de-
vice. The SS pin low state enables the slave device
but the drive onto the MISO pin does not take place
until the first data transfer clock edge.

By definition of the second collision mode, a master
device might hold a siave device SS pin low during a
transfer of several bytes of data without a problem.

Detection of write collisionis shown in the write col-
lision status bit WCOL in the serial peripheral
status register. The WCOL bit is only set if the I/O
registeris accessed while atransfer is taking place.

Unlike other SP! interfaces, there is no special
case of collision undetected by the WCOL bits. The
WCOL bit is totally reliable for collision detection.

Since the slave device operates asynchronously
with the master device, the WCOL bit may be used
as an indicator of a collision occurence. This also
helps alleviate the user from a strict real-time pro-
gramming effort.
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SERIAL PERIPHERAL INTERFACE (Continued)

2.6.4 Register Description

SERIAL PERIPHERAL CONTROL REGISTER
(SPCR) (0042h)

Reset condition: 00x0 »xxxx
7 0

l SPIE l SPEJ Res IMSTR l CPOL ICPHA 1 SPR1 I SPRO I

b7 = SPIE: Interrupt Enable When the serial pe-
ripheral interrupts enable bit is high, it allows the
occurence of a processor interrupt, and forces the
proper vector to be loaded into the program
counter if the serial peripheral status register flag
bit (SPIF and/or MODF) is set toa logic one. ltdoes
not inhibit the setting of a status bit.

SPIE is cleared by reset.

b6 =SPE: Output Enable Control When the serial
peripheral output enable contro! bit is set, all output
drive isapplied to the external pins and the system
is enabled. When the SPE bit is set, it enables the
SPI system by connecting it to the external pins
thus allowing it to interface with the external SPI
bus. The pins that are defined as outputdepend on
which mode (master or slave) the device is in.

As the SPE bit is cleared by reset, the SPI system
is notconnected to the external pins upon reset.

b5 =reserved

b4 =MSTR Master/Slave Select The master bit de-
termines whether the device is a master or a slave.
If the MSTR bit is a logic zero it indicates a slave
device and a logic one denotes a master device. If
the master mode is selected, the function of the
SCK pin changes from an input to an output and
the function of the MISO and MOSI pins are re-
versed. This allows the user to wire device pins
MISO to MISO, and MOSI to MOSI, and SCK to
SCK without incident.

The MSTR bit is cleared by reset, therefore, the de-
vice is always placed in the slave mode during re-
set.

b3 = CPOL Clock Polarity. The clock polarity bit
controls the normal or steady state value of the
clock when no data is being transferred. The CPOL
bit affects both the master and slave modes. It
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must be used in conjunction with the clock phase
control bit (CPHA) to produce the wanted clock-
data relationship between a masterand a slave de-
vice. When the CPOL bit is a logic zero, it produces
a steady state low value atthe SCK pin of the mas-
ter device. If the CPOL bit is a logic one, a high
value is produced at the SCK pin of the master de-
vice when data is not being transferred.

CPOL is not affected by reset.

b2 =CPHA: Clock Phase The clock phase bit con-
trols the relationship between the data on the
MISO and MOSI pins and the clock produced or re-
ceived at the SCK pin. This control has effect in
both the master or slave modes. it must be used in
conjunction with the clock polarity control bit
(CPOL) to produce the wanted clock-data relation-
ship. In general the CPHA bit selects the clock
edge which captures data and allows it to change
states. It has its greatest impact on the first bit
transmitted (MSB) in that it does or does not allow
a clock transition before the first data capture
edge.

CPHA is not affected by reset.

b1,b0 =SPR1, SPRO:

These two serial peripheral rate bits select one of
four baud rates to be used as SCKif the deviceis a
master. However, these 2 bits have no effectin the
slave mode. The slave device is capable of shifting
data in and out at a maximum rate which is equal to
the CPU clock. A rate table is given below for the
generation ofthe SCK from the master.

The SPR1 and SPRO bits are not affected by reset.

SPRT sPRo | T Divideth
] 0 2
0 1 4
! 0 16
1 1 32

Note 1. In this case, the SPI sourcing clock mask option (divider by
2) has not been selected.
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SERIAL PERIPHERAL INTERFACE (Continued)

SERIAL PERIPHERAL STATUS REGISTER
(SPSR) (0043h)

reset condition: 00x0 xxxx

7 0

6
woor] — [ - [ -1 - |
The status flags which generate a serial peripheral
interface (SPI) interrupt may be blocked by the
SPIE control bit in the serial peripheral control reg-
ister. The WCOL bit does not cause an interrupt.

The serial peripheral status register bits are de-
fined as follows :

b7 =SPIF:Serial Peripheral Data Transfer Fiag
This bit notifies the user that a data transfer be-
tween the device and an external device has been
completed. With the completion of the data trans-
fer, SPIF is set, and if SPIE is set, a serial periph-
eral interrupt (SPI) is generated. During the clock
cycle SPIF is being set, a copy of the received data
byte in the shift registeris moved to a buffer. When
the data register is read, it is the bufferthat is read.
During an overrun condition, when the master de-
vice has sent several bytes of data and the slave
device has not responded tothe first SPIF, only the
first byte sent is contained in the receiver buffer
and all other bytes are lost.

The transfer of data is initiated by the master de-
vice writing to its serial peripheral data register.

Clearing the SPIF bit is accomplished by a software
sequence of accessing the serial peripheral status
register while SPIF is setandfollowed by a write toor
a read of the serial peripheral data register.

While SPIF is set, all writes to the serial peripheral
data register are inhibited until the serial peripheral
status register is read. This occurs in the master
device. In the slave device, SPIF can be cleared
(using a similar sequence) during a second trans-
mission; however, it must be cleared before the
second SPIF in order to prevent an overrun condi-
tion. The SPIF bit is cleared by reset.

b6 =WCOL: Write Collision Status. If a “write colli-
sion” occurs, WCOL is set but no SPI interrupt is
generated. The WCOL bit is a status flag only.

Clearing the WCOL bit is accomplished by a soft-
ware sequence of accessing the serial peripheral
status register while WCOL is set, followed by:

- A read of the serial peripheral data register
prior to the SPIF bit being set, or

I SPIF IWCOLI -
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- A read or write of the serial peripheral data reg-
ister after the SPIF bit is set.

A write to the serial peripheral data register
(SPDR) prior to the SPIF bit being set, will result in
generation of another WCOL status flag. Both the
SPIF and WCOL bits will be cleared in the same
sequence. If a second transfer has started while
trying to clear (the previously set) SPIF and WCOL
bits with a clearing sequence containinga write to
the seral peripheral data register, only the SPIF bit
will be cleared.

WCOL is cleared by reset.

b4 =MODF:

The function of the modefault flag is defined for the
master mode (device). If the device is a slave de-
vice the MODF bit will be prevented from toggling
from a logic zero to a logic one; however, this does
not prevent the device from being in the slave
mode with the MODF bit set.

The MODF bit is normally a logic zero and is set
only when the master device has its SS pin pulled
low. Toggling the MODF bit to a logic one affects
the internal serial peripheral interface (SPI) system
in the following ways:

- MODF is set and SPI interrupt is generated if
SPIE=1.

- The SPE bit is forced to a logic zero. This
blocks all output drive from the device and, dis-
ables the SPI system.

- The MSTR bit is forced to a logic zero, thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a software
sequence of accessing the serial peripheral status
register while MODF is set foilowed by a write to
the serial peripheral control register.

To avoid any multi slave conflict in the case of a
system of severalMCUs, the SS pin must be pulled
high during the clearing sequence of MODF. Con-
trol bits SPE and MSTR may be restored to their
original set state during this clearing sequence or
after the MODF bit has been cleared. Hardware
does not allow the userto set the SPE and MSTR
bit while MODF is a logic one uniess it is during the
proper clearing sequence. The MODF flag bit indi-
cates that there might have been a muiti-master
conflict for system control and allows a proper exit
from system operation to a reset or default system
state. The MODF bit is cleared by reset.

49/95

¢ L

This Materi al

Copyrighted By Its Respective Manufacturer



SERIAL PERIPHERAL INTERFACE (Continued)
SERIAL PERIPHERAL DATA /O REGISTER

(SPDR) (0040h)
reset condition: undefined
7 o

The serial peripheral data 1/0 is used to transmit
and receive data on the serial bus. Only a write to
this register will initiate transmission/reception of
another byte and this will only occur in the master
device. A slave device writing to its data I/O regis-
ter will not initiate a transmission. At the completion
of transmitting a byte of data, the SPIF status bitis
set in both the master and slave devices.

A write or read of the serial peripheral data I/O reg-
ister, after accessing the serial peripheral status
register with SPIF set, will clear SPIF.

During the clock cycle the SPIF bit is being set, a
copy ofthe received data byte in the shiftregister is
being moved to a buffer. When the user reads the
serial peripheral data I/O register, the buffer is ac-
tually being read. During an overrun condition,
when the master device has sent several bytes of
data and the slave device has not internally re-
sponded to clear the first SPIF, only the first byte is
contained in the receive buffer of the slave device;
all others are lost. The user may read the buffer at
any time. The first SPIF must be cleared by the
time a second transfer of data from the shift regis-
ter to the read buffer is initiated or an overrun con-
dition will exist.

A write to the serial peripheral data I/O register is
not buffered and places data directly into the shift
register for transmission.

The ability to access the serial peripheral data 1/0
register is limited when a transmission is taking
place. It is important to read the discussion defin-
ing the Write Collision and SPIF status bits to un-
derstand the utilization limits of the serial
peripheral data I/O register.
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2.6.5 Single Master and Multi Master Configu-
rations

There are two types of SPI systems, single master
system and multi-master systems.

A typical single master system may be config-
ured, using a MCU as the master and fours
MCUs as slaves. The MOSI, MISO and SCK pins
are all wired to equivalent pins on each ofthe five
devices. The master device generates the SCK
clock.the slave devices all receive it. Since the
MCU master device is the bus master, it inter-
nally controls the function of its MOSI and MISO
lines, thuswriting data tothe slave devices on the
MOS! and reading data from the slave devices on
the MISO lines.

The master device selects the individual slave de-
vices by using four pins of a parallel port to control
the four 55 pins of the slave devices. A slave de-
vice is selected when the master device pulls its
S8 pin low. The S8 pins are pulled high during re-
set since the master device ports will be forced to
be inputs at that time, thus disabling the slave de-
vices. Note that the slave devices do nothave tobe
enabled in a mutually exclusive fashion except to
prevent bus contention on the MISO lines. For ex-
ample, three slave devices, enabled for a transfer,
are permissible if only one has the capability of be-
ing read by the master. An example of this is a write
to several display drivers to clear a display with a
single I/O operation.

To ensure that proper data transmission is occur-
ing between the master device and a slave device,
the master device may have the slave device re-
spond with a previously received data byte (this
data byte could be inverted or at least be a byte
that is different from the last one sent by the master
device). The master device will always receive the
previous byte back from the slave device if all MISO
and MOSil lines are connected and the slave has not
written its data 1/O register. Othertransmission secu-
rity methods might be defined using ports for hand-
shake lines or data bytes with command fields.

A multi-master system may also be configured by
the user. An exchange of master control could be
implemented using a handshake method through
the I/O ports or by an exchange of code messages
through the serial peripheral interface system. The
major device control that plays a part in this system
is the MSTR bit in the serial peripheral control reg-
ister and the MODF bit in the serial peripheral
status register.
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2.7 EAST-WEST PIN CUSHION CORRECTION (EWPCC) GENERATOR

2.7.1 Introduction

The function of the East-West Pin Cushion Cor-
rection generator (EWPCC) is to correct the hori-
zontal synchronisation timing signals to
compensate for the pin-cushion effect on the dis-
play screen, normally caused by the magnetic
display components.

The EWPCC operates by storing, during the fabri-
cation process of the monitor, 256 coefficientsre-
lated to the pin cushion effect in a dedicated
memory (EEPROM) and then allowing real-time
correction by sending the stored coefficients out
through the dedicated D/A Converter (DAC). The
analog output is added (off-chip) to the deflection
voltage that determines the starting point for the
next line on the screen.

These coefficients are uniformly distributed over
the effective vertical refresh field of the screen.

Figure 34. Pin-cushion Effect
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EWPCC GENERATOR (Continued)

2.7.2 Functional Description

The EWPCC output is based on the signal present
on the VFBACK input pin. The input signal is re-
quired to be asserted during the Vertical Fly-Back
period (with a fixed positive polarity assumed).

Waming: when the EWPCC is used, this /O pin
must be set to input mode; ifthe EWPCC is not used,
the pin is available for nommal output functions.

For correct operation the frequency of the internal
clock of the ST7271 must be 1024 times greater
than the flyback frequency.

Figure 37. VFBACK Input Timing

In normal operation (after initialization), the
EWPCC EEPROM is sequentially scanned by
the address generator during the time interval
that VFback is negated, that is, during the active
vertical display period. When VFback is asserted
(fly-back period) the address generator is reset,
so that the address points to the first EEPROM
position and the DAC register is loaded with the
first coefficient.

The address generator consists of a 17-bit proces-
sor (8-bit up-counter + 9-bit up/down-counter),
data/control reqisters and logic to minimize round-
ing-up effect.

Ver. total time: min. 8.33ms, max. 25ms

i
1

— (120Hz) (40Hz)
Sync. pulse width: typ. 400ms
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Figure 36. EWPCC Block Diagram
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EWPCC GENERATOR (Continued)

EWPCC Operation

When the EWPCC function is disabled (SEL1,0 =
[0,0]), the CPU may fill the EEPROM memory with
the EWPCC coefficients calculated or measured
during production test or transferred from a preset
table within memory.

In normal operation, when enabled, 256 analog
levels on the EWPCC output (DAC analog output)
are generated in evenly-spaced time/space inter-
vals during the time that VFBACK is negated.

To do so, the EWPCC performs two operating
modes that are automatically chained once the se-
quence is triggered by writing a “1” to the control bit
INI in the EWPCC1 register:

a) Acquisition Mode:

The output of the 8-bit prescaler, fed by the CPU
clock (fcLk), is counted up by a 9-bit counter during
negation of VFback. The rising edge of VFback

Figure 38. Acquisition Mode Block Diagram

captures the 9-bit counter value and the B-bit pres-
caler MSB into the data registers, as follows:

8-Bit Prescaler MSB -> EWPCCO0.0
9-Bit Counter 7 LSB’s -> EWPCCO0.7,1
9-Bit Counter 2 MSB'’s -> EWPCC1.1,0

Thus the 9-bit counter contains a value proportional
to the durationthat VFback is low. As the lower 7 bits
of the prescaler are not passed through to the next
stage, there is an effective division by 256, so the
value in the counter can be regarded as the number
of finT cyclesto give the time for the complete non-re-
trace period equally divided by 256.

The counter and the INI control bit (EWPCC1,2)
are then automatically reset and the hardware is
switched to the address generation mode.

Iin order to minimize the truncation effect on the
captured value accuracy, the overall 17-bit counter
(8-bit prescaler + 9-bit counter) is preset tc00040h
during assertion of VFBACK.
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EWPCC GENERATOR (Continued)
Figure 39. Acquisition Mode Timing
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Figure 40. Address Generation Mode Block Diagram
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EWPCC GENERATOR (Continued)
Figure 41. Address Clock Generation (Division by N)
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Figure 42. Address Clock Generation(Division by N+1)
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EWPCC GENERATOR (Continued)

b) Address Generation Mode:

Once the acquisition pass is done, addresses to
the EEPROM are continuously generated. The 17-
bit processor is reconfigured as:

- A 9-bit modulus (divide-by-N/N+1) down-counter,
clocked by the CPU clock (fcLk), and reloaded
on zero detection with the value captured in the
acquisition mode.

- An 8-bit up-counter, clocked by zero detection
in the 9-bit counter, which generates the
EEPROM addresses.

The division ratio N corresponds to the 9 MSB's of
the value captured in the acquisition mode
(EWPCC1,0 + EWPCCO07,1) which is equivalent to
the original number of fint cycles to achieve the
display time of VFBACK low divided by 256. The
effect of this is then to divide the VFBACK time
evenly by 256 and to increment the address to the
EEPROM at each interval.

The choice of N or N+1 is controlled by
EWPCCO.0. ifthis bitis “0”, the counter modulus is
always N, otherwise an extra step is introduced
into the counter to give N+1 and the counter di-
vides by N and N+1 alternately. This algorithm per-
forms a division by (N + 0.5).

Note. After reset, the EWPCC function is disabled
and the INI! bit is cleared. By wiiting SEL1,0={1,1]
and INi=1, the EWPCC functionis enabled and the
acquisition mode starts.

2.7.3 EWPCC Operation Modes

The EEPROM content addressed by the address
counteris loaded into the Digital to Analog converter
(DAC) 8-bit data register through a multiplexer and
then sent to the D/A Converter. The otherinputto the
multiplexer is the intemal Data Bus.

This architecture allows the user the alternative of
different configurations, selected by the control bits
SEL1, 0.

- SEL1,0=[1,1]:

EWPCC Function Enabled (Normal Operation):
EEPROM is addressed by the EWPCC Address
Sequencer and its values directly sent to the DAC
register through a dedicated bus.

- SEL1,0=[0,1}:
EWPCC Function Disabled and DirectLoading (by
a Single Instruction) to the DAC Register from the

EEPROM through the dedicated bus. This direct
transfer is synchronized with a dummy read in-

56/95

struction of the EEPROM with the addresses gen-
erated by the CPU. In this dummy operation,
EEPROM data is not loaded onto the main data
bus, but can be accessed by reading the DAC reg-
ister.

- SEL1,0=[0,0]

EWPCC Function Disabled. EEPROM and DAC in
Stand-Alone Mode.

Whenever the dedicated path between the
EEPROM and the Digital to Analog Converteris en-
abled, after accessing the EEPROM, the byteread is
sent to the DAC data register. If the DAC is config-
ured as stand-alone, its data register is directly
loaded by the CPU through the intemal data bus.

Tied to Vppa (Analog VDD, 8V + 8%) and Vssa
(Analog Ground), the DAC is monotonically cres-
cent as it is constructed by a resistive ladder with
256 levels (Vstep = 15.625mV) - between 2V (00h)
and 5.9843V (FFh) - outputto an unit-gain ampli-
fier and then output to the dedicated pin (EWPCC).

The simulated electrical characteristics are listed in
the table below, for a 15pF load capacitance and a
0-70°C temperature range.

DAC Electrical Characteristics

Variable Min Typ Max
Output Current (LA) 340 1050 2200
Response Time (us) M 3.0 3.6 8.0

Note 1. From the moment the new value is loaded onto the DAC reg-
ister to 90% of the output steady value, for a 2V-step variation.

The architecture of the EWPCC also gives the user
the possibility (if necessary) to adjust by software
the captured value on the generation mode by writ-
ing into the EWPCC registers the new modulus
that will be transferred to the counterupon the fol-
lowing underflow condition.

The EWPCC function may also be used for the
generation of other waveforms by suitable pro-
gramming of the EWPCC EEPROM.

Tolerance

The truncation error on the acquired value corre-
sponds to -0.25 < Error < 0.25 (with the algorithm
used) which can be related to a maximum shift of
32um on the vertical axis of the screen, at the
256th address (or a maximum 16um at the 128th)
with respect to the ideal case of zero truncation er-
ror when generating evenly-spacedintervals by di-
viding the time interval in which VFBACK is
negated by 256.
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EWPCC GENERATOR (Continued)
2.7.4 Register Description
EWPCCO REGISTER (000Dh)
Reset Value: 0000 0000 (00h)

7 0

M7 M6 M5 M4 M3 M2 M1 MO

b7-1 = M7-M1: 9-Bit Counter 7 LSBs. These bits
correspond to the 7 least-significant bits of the cap-
tured value from the 9-bit counter when in acquisi-
tion mode.

b0 = MO: 8-Bit Prescaler MSB. This bit corre-
sponds to the most significant bit of the 8-bit pres-
caler, captured during acquisition mode.

EWPCC1 REGISTER (000Eh)
Reset Vaiue: 1100 0000 (COh)
7 0

1 1 0 SEL1 | SELO INI M1 MO

b7-6 = Reserved (read as “17)
b5 = Reserved MUST BE PROGRAMMED AS “0”

b4-3 = SEL1,SELO: Mode Selection Bits. These
read/write bits allow selection of configuration,as follows:

SEL1 SELO

EWPCC Function Disabled
EEPROM and DAC Stand Alone

EWPCC Function Disabled

EEPROM addressed by CPU
and its data sent directly to
DAC

0 0

Reserved

EWPCC Function Enabled

EEPROM addressed by
EWPCC block

Data sent to DAC Register

b2 = INI: Acquisition Mode Initialization/Status Bit.
Writing a “1” to INI triggers the acquisition mode,
after detection of VFback rising edge. During this
mode, INlis read as a "1”. Once acquisition is com-
pleted, this bit is cleared by hardware and address
generation mode is chained.

b1-0 = M1-MO: 9-bit Counter Value MSB's. These
bits correspond to the two most-significant bits of
the captured value from the 9-bit counter on acqui-
sition mode.

Notes.

When EWPCC mode is selected (SEL1,0={1,1]),
any writing operation into the EEPROM control
register is blocked by hardware.
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- When SELO = “1", the EEPROM value is not
transferred onto the databus.

- During acquisition mode, re-writing the INI con-
trol/status bit as “1” will not have any effect -
the acquisition procedure already in progress
will not be reset.

DAC REGISTER (003Eh)
Reset Value: 0000 0000 (00h)
7 0

D7 Dé D§ D4 D3 D2 D1 DO

b7-0 = D7-D0: DAC Input Binary Byte. This byte
corresponds to the binary value to be converted
onto an analog signal.

EWPCC EEPROM CONTROL REGISTER
(O0OFh)

Read/Write
Reset Value: 0000 0000 (00h)
7 0

Res Res Res —_ — | E2ERA| E2LAT|E2PGM

Ayy, BRI

This register contains the bits required to read,
erase and program the EWPCC EEPROM. They
are defined as follow:

b7-5 =Reserved, must be held to “0”
b4,3 =Unused

b2 =E2ERA: EEPROM Erase. EZERA must be set
to “1” for an erase operation. It must be set afteror
at the same time as E2LAT. It cannot be changed
once an EEPROM address is selected. It is held
low when E2LAT is low. It is therefore automat-
ically reset when E2LAT is reset.

bi = E2LAT: EEPROM Latch Enable. When
E2LAT is reset to “0”, data can be read from the
EEPROM. Whenitis setto”1” and E2PGMreset to
“0”, a write into the EEPROM array causes the
data to be latched, according to the address into
one of 8 data registers. An additionalinternal flag is
latched to select the row. The selected columns
and row determine the locations involved in the
next erase or programming operation. E2LAT must
be cleared after each programming or erase op-
eration. E2ERA and E2PGM are forced iow when
E2LAT is low.

b0 =E2PGM: EEPROM Program Mode.This bit al-
lows the internal charge pump to be switched onor
off. When set to “1”, the charge pump generator is
on and the high voltage is applied to the EEPROM
array. When low, the charge pump generator is off.
E2PGM can only be reset by resetting E2LAT.
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2.8 A/D CONVERTER

The Analog to Digital converter is a single 8-bit
successive approximation converter. Analog volt-
ages from external sources are input to the con-
verter through up to 8 pins (in the 42-pin DIL
package, the selection is made from only 4 pins).
The result of the conversion is stored in the 8-bit
Result Data Register. The A/D converter is control-
led through the A/D Convenrter Control/Status Reg-
ister.

2.8.1 Functional Description

The A/D converter is switched on by setting the
A/D Converter ON bit (ADON) of the A/D Converter
Control/Status Register. A delay time is then re-
quired for the converter to stabilize (see charac-
terization section).

When the A/D function is on, pins PBO/AINO-
PB7/AIN7 (pins PBO/AINO- PB3/AIN3 in the 42-
pin package) can be used as analog inputs. The
inputs must first be enabled for analog input by
setting the corresponding bit(s) of the Port B
Configuration Register as described in the Sec-
tion on I/O Ports. Bits CH3-CHO of the A/D Con-
verter Control/Status Register (at address
0009h) then select the channel to be converted.
The high and low level reference voltages are
connected to pins Vpp and Vss.

When switched on, the A/D convenrter performs a
continuous conversion of the selected channel.
When aconversion is completed (16us forfint =4
MH2z), the results is loaded into the read only Re-
sult Data Register (at address 0008h) and the
COCO (Conversion Complete) flag is set. No inter-
rupt is generated. Any write to the A/D Converter
Control/Status Register aborts the current conver-
sion, resets the COCO flag and startsa new con-
version.
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The A/D converter is ratiometric. An input voltage
equal or greater than Vpp converts to FFh (full
scale) without overflow indication if greater. An in-
put voltage equal to Vss converts to 00h. The con-
version is monotonic: the results never decrease if
the analog input does not and never increase if the
analog input does not.

Using a pin or pins as analog inputs does not affect
the ability to read port B as logic inputs.

The 8-bit conversion is accurate to within+ 2 . SB.
The minimal conversion time is 16ms (A/D clock
frequency at 2 MHz). The A/D converter clock is
generatedfrom the CPU clock divided by 2.

The A/D converter can be switched off by resetting
the ADON bit. This feature allows the reduction of
power consumption when no conversion is in pro-
gress. The A/D converter is disabled after power-
on and external resets.

The A/D converter is not affected by WAIT mode
but, in power sensitive applications, it can be
switched off before entering this mode. When the
MCU enters the STOP mode with the A/D con-
verter enabled, the A/D clocks are stopped and the
converter is disabled until the STOP mode is exited
and the startup delay has elapsed. A stabilization
time is also required before accurate conversions
can be performed.

The reference supply of the converter uses the
power supply lines Vbp and Vss. The accuracy of
the conversion may therefore be degraded by volt-
age drops in the heavily loaded power lines.
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A/D CONVERTER (Continued)

2.8.2 Register Description b2-b0 = CH2-CHO: Channel! Selection These bits
select the analog input to convert .

A/D CONTROL/STATUS REGISTER (0009h)

Reset condition: 0000 0000 (00h) CH2-CHO Pin Channel
7 0 000 PBO AINO
001 PB1 AIN1
coco| o jADON| — 0 | cH2 | cH1 | cHo 010 PB2 AIN2
b7 = COCO: Conversion Complete. COCO is set ? ; (1) sgi :le
as soon as a hew conversion can be read fromthe 101 PR IN4
Result Data Register. COCO is cleared by reading 110 PBg A:Ns
the result or writing to the A/D Converter Con- 111 PB7 ﬁlms
trol/Status Register.

b6 = Reserved, mustbe programmedto 0

bS5 = ADON: A/D converter On. ADON allows the

A/D converter to be switched on and off in order to A/D DATA REGISTER (0008h)
reduce consumption when needed. When turned i .

on (ADON = 1), a delay time is necessary for the  reset condition: undefined

current to stabilize. Conversions can be inaccurate 7 0

during this time.

b4 = Not used AD7 AD6 ADS AD4 AD3 AD2 AD1 ADO
b3 =Reserved, mustbe programmedto 0 b7-b0 = AD7-ADO: Analog Converted Value.
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SOFTWARE AND CHARACTERISTICS

3.1SOFTWARE DESCRIPTION

3.1.1 Instruction Set

The ST7 instruction setis an 8 bit industry standard
instruction set that can be divided into five major
groups. All instructions of each group have the
same addressing modes.

Refer to ST7 MACRO ASSEMBLER USER’S
GUIDE and ST7 PROGRAMMING MANUAL for
detailed information.

Group 1 : Register/Memory And Absolute
Jump Group In this group most instructions con-
tain two operands. One operand is inherently de-
fined as either the accumulator or an index
register. The other operand is fetched from mem-
ory using one of the allowed addressing modes.
The absolute jump instructions are included in this
group because they can use most of the address-
ing modes of the register/memory instructions.

Exampies: LD <ea>, a. This means that the mem-
ory byte located at address <ea> is loaded with the
8-bit content of the accumulator A.

The list of the instructions of this group is given in
Table 10.

Group 2 : Read - Modify - Write Group These in-
structions read a register or a memory location,
modify its content and write the new value back.

Example : RRC <ea>. This means that the content
of the memory byte located at address <ea> is ro-
tated rightthrough the carry bit, the result is written
in the memory <ea> and the carry bit.

The list of the instructions of this group is given in
Table 11.

Group 3 : Bit Manipulation And Test Group Bit
manipulation instructions can set or clear any bit
within the first 256 memory locations, except for
ROM (020h - 04F) and read-only registers located
at addresses 03h, 0Bh, 010h, 013h, 014h and
015h.

Example: BSET <ea>, #b. This sets the bit #b of
memory location <ea>.

Test instructions can test any bit of the first 256
memory locations and jump conditional within an 8
bit PC-relative displacement.

Example: BTJT <ea>, #b, ee. This corresponds to
the relative jump (displacement = ee) if bit number
#b of memory location <ea> is set. (Bit test and
jump if true).

The list of the instructions of this group is given in
Table 12.
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Group 4 : PC-Relative Jump Group These in-
structions execute a PC-relative jump (8-bit dis-
placement) depending on the state of the flag bits
inside the condition code register (H, |, N, Z, C
flags).

Example: JRC ee. This means jump with displace-
ment ee from actual the PC value if the camy bit is
set, else execute the next instruction.

The list of the instructions of this group is given in
Table 13.

Group 5 : Miscellaneous Group These instruc-
tions are mainly control instructions on registers,
stack, interrupts, subroutines and power down
modes.

The muitiply instruction is included in this group. It
performs an 8 x 8 bit unsigned multiplication be-
tween one index registerand the accumulator. The
result is given as 16 bits, with the high order byte in
the index register and the low order one in the ac-
cumulator.

The list of the instructions of this group is given in
Table 14.

3.1.2 Addressing Modes

The CPU uses 9 main addressing modes to pro-
vide the programmer with an opportunity to opti-
mize his code in most applications.

The various indexed addressing modes make it
possible to locate data labels, code conversion ta-
bles and scaling tables anywhere in the memory
space. Short indexed accesses are singie byte in-
structions, while the longest instructions (three
bytes) allow access of tables throughout memory.

Short absolute (direct) and long absolute (ex-
tended) addressing modes are also included. Ex-
tended addressing permits jump instructions to
reach all memory.

The various addressing modes differ from each
other in computing the effective address (EA) i.e. in
calculating the address to or from which the argu-
ment of an instruction is fetched or stored. The
LSBEA is the least significant byte of the EA; the
MSBEA is its most significant byte. The 17 ad-
dressing modes of the processor are described
below.

The tabie of symbols is given in Table 9 while the
effective address coding is given in Table 8.
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SOFTWARE DESCRIPTION (Continued)

In order to extend the number of op-codes avail-
able for an eight bit CPU (256 op-codes), three
“pre-byte” op-codes have been defined. These
pre-byte have to be seen as pre-instructions that
modify the meaning of the instruction they precede.
The whole instruction becomes:

PC-1 End of previous instruction
PC Pre-byte
PC+1 Op-code

PC +2 Additional word (0 to 2) according to the
number of byte required to compute the effective
address.

The pre-bytes enable instructions in Y as well as
indirect addressing modes to be implemented.
They precede the opcode of the instruction in X or
of the instruction using a direct addressing mode.

The pre-bytes are :

PDY : 90h Transform an instruction in X using im-
mediate, direct, indexed, direct bit or inherent ad-
dressing modes to an instruction in Y using the
same addressing mode.

PIY : 91h Transform an instruction using Xindexed
addressing mode to an instruction using indirect Y
indexed addressing mode.

PIX : 92h Transform an instruction using direct, di-
rect bit or direct relative addressing mode to an in-
struction using the corresponding indirect
addressing mode. It also transforms an instruction
using X indexed addressing mode to an instruction
using indirect X indexed addressing mode.

The pre-byte is completely user transparent. It is
part of the assembly code.

Table 8. Source Coding
Addressing Mode Source Coding Example
Immediate #nn LD a, #0Ah
Direct ads LD a, OAh
Extended ad16 LD a, 1JEAN
Indexed no offset (iX) LD a, (X)
Indexed 8 bit offset (d8, iX) LD a, (1Bh, Y)
Indexed 16 bit offset (d16, iX) LD a, (100Ah, X)
Memory indirect short [ad8] LD a,{1Bh]
Memory indirect long [ad16] LD a,[100AhN]
Memory indirect short indexed ([ad8), iX) LD a, ({1Bh]), [X)
Memory indirect long indexed ([ad} 6], iX) LD a, ([100AN], Y)
Table 9. Table of Symbols used
a Accumulator nry 8 bit immediate value
iX Index register (either X o r Y) ads 8 bit address
X index register ad16é 16 bijt address
Y index register das 8 bit sfgned oftset
Stack pointer dié 16 bit s&_;ned oftset
ccC Condition code register ee 8 bit PC relative disptacement
<ea> Effective address b 3 bit pumber
== &3z, SETHONSN
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SOFTWARE DESCRIPTION (Continued)

The addressing modes are discussed in the follow-
ing paragraphs.

Inherent. In inherent instructions, there is no EA
as there is no operandto fetch or store. All the in-
formation needed to execute the instruction is con-
tained in the op-code. Operations specifying only
an index register or the accumulator, and no other
arguments, are included in this mode.

Immediate. In immediate addressing the operand
is stored in the byte immediately following the op-
code.

Direct Modes

Direct. In the direct addressing mode, the effec-
tive address is contained in a single bytefollowing
the op-code byte. Direct addressing allows the
user to directly address the lowest 256 bytes in
memory with a single two byte instruction.

Extended. In the extended addressing mode, the
effective address of the argument is contained in
the two bytes following the op-code. Instructions
with extended addressing modes are capable of
referencing arguments anywhere in memory.

Indexed Modes

Iindexed Without Offset. In the indexed without
offset addressing mode, the effective address is
contained in one index register (X or Y). This ad-
dressing mode can therefore access the first 256
memory locations. These instructions are only one
byte long.

This mode is mainly used to move a pointer
through a table or to address a frequently refer-
enced RAM or /0 location.

indexed 8 Bit Offset. The EA is obtained by add-
ing the 8-bit unsigned contents of the second in-
struction byte to the 8-bit unsigned content of the
appropriate index register. This mode allows ad-
dressing of 256 locations of the 511 lowest mem-
ory locations.

indexed 16 Bit Offset. The EA is obtained by
adding the 16-bit unsigned value composed of the
second (MSB) and the third (LSB) instruction bytes
to the 8-bit unsigned content of the appropriate in-
dex register. This mode allows addressing of 256
locations anywhere in the memory map.
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Indirect Modes

Short Indirect In this mode, the second byte of
the instructionis used as a page zero address. The
content of this page zero memory location is the
LSB of the effective address. The MSBEA is zero
(i.e. the effective address points to a page zero lo-
cation).

Long Indirect. In the long indirect mode, the sec-
ond byte of the instructionis used as a page zero
pointer. The MSBEA is the content of this location
while the LSBEA is the content of the following
page zero location.

Indirect Indexed Modes

Short Indirect Indexed. The second byte of the
instruction is used as a page zero address. To ob-
tain the LSBEA, the content of this page zero
memory iocation is added to the 8- bit unsigned
value contained in the specified index register. The
MSBEA is zero (i.e. the effective address points to
a page zero location).

Long Indirect Indexed. In long indirect indexed
mode, the second byte of the instruction is used as
a page zero pointer. The 16-bitword read from this
location (MSB at the pointed address and LSB at
the following one) is added to the 8-bit unsigned
value contained in the specified index register to
form the 16-bit EA.

Relative Modes

Simple Relative. The relative addressing mode is
used for branch instruction (e.g. Branch on bit,
Branch on condition, Branch subroutine). The
branch address (new value of PC) is calculated by
adding a displacement given by the 8-bit signed
byte following the op-code value to the actual con-
tent of the PC. This means that the variation of PC
value isinthe range -126 to +129 from the op-code
address (the offset value can be calculated by the
assembler).

Indirect Relative. The indirect relative addressing
mode is similar to the relative mode but the content
of the second byte of the instruction is used as a
page zero address containing the 8-bit signed dis-
placement value to be added to the actual content
of the PC (i.e. address of the op-code plus 2).
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SOFTWARE DESCRIPTION (Continued)

Direct Bit Modes

Bit Set And Clear. Bit Set/Clear mode is used to
read-modify-write one single bit of a memory loca-
tion in page zero, including I/Obits. The concerned
memory location is given by the byte following the
op-code (direct addressing mode) while the posi-
tion of the bit to deal with is given in 3 bitsincluded
in the op-code.

Bit Test And Branch. Bit test and branch mode
gives a relative branch according to the value of a
single bit of a memory location in page zero. The
op-code contains 3 bits to define the bit totestat a
location given by the byte immediately following
the op-code. A third byte gives the 8-bit signed
value ofthe PC-relative displacement. If the testis
true, this displacement is added to the actual con-
tent of the PC (i.e. op-code address plus 2) to form
the new value of the PC.
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Indirect Bit Modes

Indirect Bit Set And Clear. IndirectBit Set/Clear
mode works similarly to the bit Set/Clear mode ex-
cept that the address of the concerned byte is the
content of the location pointed by the second byte
of the instruction.

Indirect Bit Test And Branch. This mode works
as the bit test and branch mode but the tested byte
is the content of the location pointed by the second
byte of the instruction.
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SOFTWARE DESCRIPTION (Continued)

Example

ADDRESSING MODES

mm 7929237 006197

FUNCTION SOURCE CODING
Immediate
Load awith memory LD a,<ea > 2 A6 2
# Bytes OP-Code # Cycles
Table 10. Register/Memory and Absolute Jump Group (Group 1)
ADDRESSING MODE
FUNCTION SOURCE CODE
Immediate Direct Extended | index O Index 8 Index 16
Load A with memory | LD a,<ea> 2 AB? 2B6° 3 C6* 1 F6 3 2 E6* 3 D6 °
Load iX with memory | LD iX, <ea> 2 AE? 2BE® | sCcE* 1+ FE 3 2 EE* 3 DE®
Load memory with A LD <ea>,a — . B7 ¢ s C7°% 1 F7 4 2 E7°® s D78
Load memory withiX | LD <ea>, iX - 2 BF * 3 CF® 1 FF* 2 EF® 3 DF ©
Add memory to A ADD a,<ea> 2AB2 | 2BB® | scB* | 1FB? »EB* | aDB?®
pddmemory andcam | anc a, <ea> 2A92 | 2B9% | sco? | yFe® | 2E9* | 5DO°®
Subtract memoryto A | suB a.<ea> 2 A0 ? 2 B0 3 CO* 1Fo?® 2 EO* 3 DO S
Subtract memory with SBC a,<ea> s A2 2 2 B2 8 3 C2 4 1 F2 3 2 E24 3 D2 5
carry
And memory to A AND a, <ea> 2 A4 2 2 B4° s Cat 1 F43 2 E4* 3 D4 °®
Or memory with A OR a,<ea> 2 AAZ 2BA%® | 5cA* | yFA? 2 EA* 3 DA S
Exclusive OR XOR a, <ea> 2 AB 2 2B8° 3C8* y F8 3 2 E84 3 D88
Arithmetic Compare A | CP a, <ea> 2 A1 2 2 B13 sct? 1 F1 2 2 E14 3 D15
Arithmetic Compare iX | cp iX, <ea> 2 A3 2 2 B3? 3 C34 1 F33 2 E3*4 3 D35
ﬂ;;%Typa'eAa"d BCP a,<ea> 2A5%2 | »B5°% | sc54 | 1F5° | ,E5% | 3D5°F
Absolute Jump JP <ea> — 2BC?2 | acc?  FC 2 2 EC? s DC*
Call subroutine CALL <ea> — 2BDS | sCcD® 1 FD ® 2 ED® abDD’
557 868-THOMSON £5/98
Y. SICHORLECTRONCS
2 26 R

This Materia

Copyrighted By Its Respective Manufacturer



SOFTWARE DESCRIPTION (Continued)
Table 11. Read - Modify - Write Group (Group 2)

SOURCE ADDRESSING MODE
FUNCTION CODE inh inh Direct | Memory | index Index index
a iX Direct 0 +d8 +[ad8]
Increment INC <ea> | 14C°? 1 5C3 23C5% | s923c? 1768 26C*® 3926C8
(Y index) 2 905C* 2907C® | a906c’ | a916Ct
Decrement DEC <ea> | 14A° 1 5A3 2 3A5 392377 17A% 26A8 3926A°8
(Y index) 2 905A* 2907A% | 3906A7 | 3916A%
Clear CLR <ea> | 14F3 15F3 | 23F% | 3923F7 1 7F5 26F° 3 926F °
(Y index) 2 905F ¢ 2907F® | 3906F7 | 3916F°
82;: loment CPL <ea> | 1433 153° 2335 | 392337 1735 2638 39263%
(Y index) 290534 29073% | 390637 | 39163°
Negate 3 3 5 7 5 6 8
(2's complement)  [NEC <€a> | 40 150 230 3 9230 170 260 3 9260
(Y index) 290507 29070% | 390607 | 39160°
::xtja:?al;;ﬂ RLC <ea> | 149° | 150° | 230% | so2397 | ,79° .60% | ;o089
(Y index) 290594 29079¢ | ;90697 | ;9169°8
a‘:‘aga':;?m RRC <ea> | 146% | 1866° | 2365 | ;92367 (765 266° | 59266°
(Y index) 29056* 29076% | 390667 | 39166°
Shift LeftLogical  |SLL <ea> | 1483 1582 238% | 392387 178° 268° 392688
(Y index) 29058* 290785 | 390687 | 39168°
Shift RightLogical [SRL <ea> | {443 1643 234% | 5092347 1745 2648 392648
(Y index) 29054 % 29074% | 390647 | 39164°%
Shi
Arig:;:gc SLA <ea> | 1482 1583 2385 | 392387 1785 2685 392688
(Y index) 29058* 29078% | 390687 | ;9168°
Shift Righ
Aﬁihm;%c‘ SRA <ea> | 147° 1573 | 2375 | ;92377 1 775 2675 392678
(Y index) 290574 29077% | 390677 | 39167°%
Test for 3 3 4 6 4 5 7
Negative or Zero TNZ <ea> 14D 15D 23D 3 923D 17D 26D 3 926D
(Y index) 2 905D % 2907D% | 3906D® | 3916D7
Swap Nibbles SWAP <ea>| 14E° 1 563 23E% | 39237 1 7E8 26E® 3 926E 8
(Y index) 2 905E* 2907E® | ;906E7 | 3916E®
66/95 557 268-THOMSON
Y/« MICADELECTEGGE
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SOFTWARE DESCRIPTION (Continued)
Table 12. Bit Manipulation And Test Group (Group 3)

FUNCTION SOURCE CODE ADDRESSING MODES
Relative Indirect Relative
Bit Set BSET < ea >, #b 2 (10+2°'b) ° 3 92(10+2"b) 7
Bit Reset BRES < ea > , # b 2 (1142°b) 5 3 92(10+2°b) 7
Bit Test and Jump if True BTJT <ea >, #b , ee 3 (00+2°b) ® 4 92(00+2°b) 7
Bit Test and Jump if False BTJF < ea >, #b , ee 3 (01+42'p) © 4 92(01+2*b) 7
Table 13. PC-Relative Jump Group (Group 4)
FUNCTION SOURCE CODE ADDRESSING MODES
Relative Indirect Relative

Jump Relative True JRT ee 2203 2 9220 °
(Jump Relative always) JRA ee 2203 3 9220 5
Jump Relative False JRF ee 22173 3 9221 °
;J:ar:p Relative if Unsigned Greater JRUGT ee 2029 2 9222 5
Jump Relative if Unsigned Lower or JRULE ee , 233 3 9223 5
Equal

Jump Relative if No Carry JRNC ce 2243 392245
ét:‘r:; Relative if Unsigned Greater or IRUGE ee , 243 s 9204 5
Jump Relative if Carry JRC ee 2253 3 9225 °
Jump Relative if Unsigned Lower than | JRULT ee 22513 3 9225 5
Jump Relative if Not Equal JRNE ee 2263 3 9226 °
Jump Relative if Equal JREQ ce 2273 3 9227 5
Jump Relative if Half Carry JRH ee 228° 3 9228 5
Jump Relative if Not Half Carry JRNH ee 2293 3 9229 %
Jump Relative if Plus JRPL ce 22A°3 3 922A °
Jump Relative if Minus JRMI ee 2283 3 922B 5
Jump Relative if Not Interrupt Mask JRNM ee 22C @ 3 922C ®
Jump Relative if Interrupt Mask JRM ce 22D ° 3 922D °
Jump Relative if interrupt Line Low JRIL ee 2 2E 3 3 922E ©
Jump Relative if Interrupt Line High JRIH ee 2 2F 3 3 922F °
Call Subroutine Relative CALLR ce 2 AD © 3 92AD ®

57 863 THOMSON 87/%
Y/, NICROLLICTRONCS
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SOFTWARE DESCRIPTION (Continued)

Table 14. Miscellaneous Group{Group 5)

FUNCTION SOUR+E CODE X iNDH

Multiply (iX,A = iX * A) MUL iX , a 42
Load iX with acc. a content LD iX , a g7 2
Load a with iX content LD a , ix oF 2
Load Stack p. with acc. a content LD S, a 95 2
Load acc. a with Stack p. content LD a, s 9E 2
Load Stack p. with iX content LD s , ix 94 2
Load iX with Stack p. content LD ix , 8 96 2
Load X // with Y // content LD X, Y 93 2
Load Y // with X // content LD Y, X -

Push acc. a onto the Stack PUSH A 8g 3
Pop acc. a from the Stack POP A 84
Push iX onto the stack PUSH ix g9 3
Pop iX from the Stack pop ix 854
Push Condition Codes onto the Stack PUSH cc 8A 3
Pop Condition Codes from the Stack POP cc 86+
Reset Carry Flag RCF g8 2
Set Carry Flag SCF 99 2
Reset Interrupt Mask RIM 9A 2
Set Interrupt Mask SIM 9B 2
Reset Stack Pointer RSP oc 2
No Operation NOP 9D 2
Interrupt Routine Return IRET 80 °
Subroutine Return RET 818
Software Trap TRAP 83 10
Halt HALT 8E 2
Wait For Interrupt WFI 8F 2

= &y7. 38 Mo
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SOFTWARE DESCRIPTION (Continued)
ST7271 ASSEMBLER REGISTER DEFINITION INCLUDE FILE

BYTES segment byte at 00-4F ‘periph’
.PADR ds.b 1 ; Port A data register
.PBDR ds.b 1 ; Port B data register
. PCDR ds.b 1 ; Port C data register
. PDDR ds.b 1 ; Port D data register
. PADDR ds.b 1 ; Port A data direction reg
. PBDDR ds.b 1 ; Port B data direction reg
. PCDDR ds.b 1 ; Port C data direction reg
. PDDDR ds.b 1 ; Port D data direction reg
.ADCDR ds.b 1 ; ADC data register (port B)
.ADCCR ds.b 1 ; ADC control register

ds.b 3 ; reserved
.EWPCCO ds.b 1 ; East/West control 0
.EWPCC1 ds.b 1 ; East/West control 1
.EEPOCR ds.b 1 ; E/W EEPROM control reg
.EEPICR ds.b 1 ; EEPROM 1 control reg
.EEP2CR ds.b 1 ; EEPROM 2 control reg
. TIMCR ds.b 1 ; Timer control register
. TIMSR ds.b 1 ; Timer status register
.IC1HR ds.b 1 ; Input capture 1 high reg
.ICiLR ds.b 1 ; Input capture 2 low reg
.OC1lHR ds.b 1 ; Output comparel high reg
.OC1LR ds.b 1 ; Output comparel low reg
.CNTHR ds.b 1 ; Counter high register
.CNTLR ds.b 1 ; Counter low register
.ACNTHR ds.b 1 ; Alternate cnt high reg
.ACNTLR ds.b 1 ; Alternate cnt low reg
.IC2HR ds.b 1 ; Input capture 2 high reg
.IC2LR ds.b 1 ; Input capture 2 low reg
.OC2HR ds.b 1 ; Output compare 2 high reg
.OC2LR ds.b 1 ; Output compare 2 low reg
. PWMO ds.b 1 ; PWMO register
.BRMO ds.b 1 ; BRMO register (12 bits)
. PWM1 ds.b 1 ; PWM1l register
.BRM1 ds.b 1 ; BRM1 register (12 bits)
. PWM2 ds.b 1 ; PWM2 register
.BRM2_3 ds.b 1 ; BRM2&3 register
. PwWwM3 ds.b 1 ; BRM3 register

69/95
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SOFTWARE DESCRIPTION (Continued)

. PwM4 ds.
.BRM4_5 ds.
. PWM5 ds.
. PWM6 ds.
.BRM6_7 ds.
. PWM7 ds.
. PWM8 ds.
.BRMS8_9 ds.
. PWM9 ds.
.PWM10 ds.
.BRM10_11 ds.
.PWM11 ds
. PWM12 ds
.BRM12_13 ds.
.PWM13 ds
. PWM14 ds
.BRM14_15 ds
.PWM15 ds
.PWMl6 ds

.BRM16_17 ds.

.PWM17

. SYNCMCR ds.
. SYNCCCR ds

. EWDAC ds
ds
.SPIDTAIOR ds
ds.
.SPICTRLR ds.
.SPISTSR ds.
.MISCR ds.

.PBICFGR ds.
.PRGIOCFGR ds.

70/95
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byte
byte

byte
byte
byte
byte

at
at

at
at
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at

; PWM4 register

; BRM4&5 register

; BRMS register

; PWM6 register

; BRM6&7 register

; BRM7 register

; PWM8 register

; BRM8&9 register

; BRM9 register

; PWM10 register

; BRM10&1l1l register

: BRM11l register

; PWM12 register

; BRM12&13 register

; BRM13 register

; PWM1l4 register

; BRM14&1l5 register

; BRM1S5 register

; PWM1l6 register

; BRM16&17 register

: BRM17 register

; Sync processor MCR

; Sync processor CCR

; Ewpcc DAC register

; reserved

; SPI register not used
; reserved

; SPI control register
; SPI status register
; Miscelleanous reg

; Port B input config reg
; Programmable I/0 config

50-BF ‘ram’
CO-FF 'stack’

100-14F ’'ram2’
150-44F 'eeprom’
450-3EFF ’'rom’
3FF0-3FFF ’'vectit’

I 7929237 006LA?? 46T A
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3.2 ELECTRICAL CHARACTERISTICS

The ST7271 device contains circuitry to protectthe
inputs againts damage due to high static voltage or
electric field. Nevertheless it is advised to take nor-
mal precautions and to avoid applying to this high
impedance voltage circuit any voltage higher than
the maximum rated voltages. It is recommended
for proper operation that Vi and Vout be con-
strained to the range :

Vss £ Vin orVout < Vop

To enhance reliability of operation, it is recom-
mended to connect unused inputs to an appropri-
ate logic voltage level such as Vgs or Vpp.

All the voitage in the following tables are refer-
enced to Vss

ABSOLUTE MAXIMUM RATINGS (Voltage Referenced to Vss)

B 7929237 0061978 7ThH WA

Symbol Ratings Value Unit
Vop Supply Voltage -0.3to+7.0 A
VIN Input Voltage \Y ss -0.3to Vpp + 0.3 v
Vopa Analog Reference Voltage -0.3t0 +9.0 \Y
I Current Drain Per Pin Excluding Voo and 25 mA
Vss
T Operating Temperature Range TLtoTH c
A Suffix Option 1 (Standard) 010 +70
Tsta Storage Temperature Range -65 to +150 °C
57 868-THOMSON 71795
Y/ SICROELICTRONGY
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ELECTRICAL CHARACTERISTICS (Continued)

T, the average chip-junction temperature in Cel-
sius can be calcuiated from the following equation:
To=Ta +(Pp x6Ja) (1)

Where:

- Ta isthe Ambient Temperature in °C,

- qJa ithe Package Thermal Resistance,
Junction-to-Ambient in °C/W,

- Pp the sum of Pint and Pyo,

- PInT equals Icc time Ve,
Watts-Chip Internal Power

- Puo the Power Dissipation on Input and Output
Pins, User Determined.

Thermal Characteristics

Formost applications Pyo <Pint and can be ne-
glected .

Prort may be significant if the device is configured
to drive Darlington bases or sink LED Loads.

An approximate relationship between R and Ty (if
Pvo is neglected) is:

Pp =K+ (Ty +273°C) @)
Therefore :

K =Pp x (Ta +273°C) + 6Ja xPp®  (3)
Where K is constant pertaining to the particular
part, K can be determined from equation (3) by
measuring Pp (atequilibrium) fora kwon Ta, Using
this value of K, the values of Pp and T, can be ob-
tained by solving equations (1) and (2) iteratively
for any value of Ta

Symbol Characteristics

Value Unit

Thermal Resistance
6JA PSDIP56
PSDIP42

°C/W

Equivalent Test Load

Test Diagram

Vop = 4.5V
Pins R1 R2 c n Voo
PAO-PA7 3.26kQ 2.38kQ 50pF
R2
PBO-PB7 3.26kQ 2.38kQ S50pF (see Table)
PCO-PC5 | 3.26kQ 2.38kQ 50pF TEST POINT [}
PDO-PD4 3.26kQ 2.38kQ 50pF c== R
(800 TOb'G) (see Toble)
- WRQA01769
7295 G 363-THOMSON
Y/, MCATILECTAGNCE
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ELECTRICAL CHARACTERISTICS (Continued)

AC Electrical Characteristics

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Voo Operating Supply Voltage | RUN Mode 4.5
STOP Mode 4.5 55 v
EEPROM Write 4.5 )
EEPROM Read 4.5
Vopa Analog Reference Voltage 7.4 8 8.6 \Y
Iob Supply Current ("
RUN Mode
Vpp=5V.,fosc=8MHz 1.8 2.5 mA
WAIT Mode
Vop=5V,fosc=BMHz 0.9 1.5 mA
EEPROM Programming
Vpp=5V,fosc=8MHz 25 HA
STOP Mode
Vop=5V,Ta=70°C 1 10 HA
VoL Output Low Voltage Port A, B - Open Drain 0.1xVpp \Y
lLoap =200uA
Note 1. Measured with a quartz crystal for the 8 MHz Frequency.
73/95
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ELECTRICAL CHARACTERISTICS (Continued)

DC Electrical Characteristics
(Voo = 5.0V+10%, Vss = 0V, Ta =operating temperature range, unless otherwise noted)

Symbol Test Conditions Min. Typ. hax. anit
VoL Output Voltage, Load < 10.0uA 0.1 Vv
Vou Vopo-0.1 \
VoH Output High Voltage
| Loap = 0.8mA, PAO-PA7,PB0-PB7,PCO-PCS, PDO-PD4 Vpp-0.8 v
VoL OQutput Low Voltage \Y
(I Loap = 1.6 mA) PAO-PA7,PB0-PB7,PCO-PC5, PD0-PD4, RESET 0.4
Vin Input High Voltage
PA0-PA7,PBO-PB7,PCO-PC5, PD0O-PD4, RESET 0.7xVop Voo Y
ViL Input Low Voltage
PAO-PA7,PBO-PB7,PCO-PCS, PD0-PD4, RESET Vss 0.2xVop| V
Vam Data Retention Mode (0 to 70°C) 2 v
e I/O Ports Hi-Z Leakage Current A
PAO-PA7,PBO-PB7,PCO-PCS, PDO-PD4 +10
Iy Input Current : RESET +1 HA
Cour Capacitance : Ports (as Input or Output) 12 pF
CiN RESET 8 pF
== (ST A iy

B 7929237 00L1981 290 W
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ELECTRICAL CHARACTERISTICS (Continued)

Control Timing

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.

fosc Frequency of Operation Vop=5V DC 8 MHz

tcH STOP Mode Recovery Ceramic resonator 20
- ms

Startup Time
tRL External RESET Input 15 '

Pulse Width : cve
tPORL Power RESET Ouput 4086 t cyc
N Watchdog RESET 15 1
DOGL Output Pulse Width : cve
tooa Watchdog Time-out 6144 7168 cye

EEPROM Programming
PROG | Time (00 70) 2 8 ms

t Interrupt Pulse Width

iLIH PORTB 125 ns
tiu Interrupt Pulse Period (M t cYc
toor Power up rise time Vbomin 100 ms

Note 1. The minimum period tiLIL should not be less than the number of cyde times it takes to execute the interrupt service routine plus 21

cycles.

Em 7929237 00LL982 127 WA
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ELECTRICAL CHARACTERISTICS (Continued)

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vop =5.0 Vpc £ 10%, Vss =0 Vpoc, TA=TL 10 TH)

Fosc = 8.0MHz )
Num.| Symbol Characteristics - Unit
Min. Max.
Operating Frequency = Foscr = Fop
for(m) Master dc 0.5 f op
for(s) Slave dc 4.0 MHz
1 Cycle Time
toycm) Master 2.0 tCYC
tcycis) Slave 240 ns
2 Enable Lead Time ns
tiead(m) Master (1)
Yiead(s) Slave 120
3 Enable Lagtime ns
Master (1)
Slave 120
4 Clock (SCK)High Time
tW(SCKH) Master 100 ns
tW(SCKH) Slave 90 ns
5 Clock (SCK) Low Time
twisckL) Master 100 ns
twiscky) Slave 90 ns
6 Data Set-up Time
tsum) Master 100 ns
tsu(s) Slave 100 ns
7 Data Hold Time (Inputs)
tH(m) Master 100 ns
tH(s) Slave 100 ns
8 ta Access Time (Time to Data Active from High Impedance ns
State)
Slave 0 120
9 tois Disable Time (Hold Time to High iImpedance State) ns
Slave 240
10 Data Valid
tvim) Master (Before Capture Edge) 0.25 t cYC(m)
twis) Slave (After Enable Edge) @ 120 ns
11 Data Hold Time (Outputs)
tHO(m) Master (Before Capture Edge) 0.25 t CYC(m)
tHo®s) Slave (After Enable Edge) 0 "
12 Rise Time (20% Vop 10 70% Vpp, CL = 200pF)
trRM SPI Qutputs (SCK, MOSI, MISO) 100 ns
trs SPI Inputs (SCK, MOSI, MISO, SS) 2.0 us
13 Fall Time (70% Vpp to 20% Vpp, CL
tFm SPI Outputs (SCK, MOSI, MISO) 100 ns
trs SPI Inputs (SCK, MOSI, MISO, SS) 2.0 us

Notes:1 Signal production depends on software.

76/95

2 Assumes200pF load on all SP! pins.
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ELECTRICAL CHARACTERISTICS (Continued)

Figure 43. SPI Master Timing Diagram CPOL=0, CPHA=1

ss
(Input) _/ 1 |

L
|
| ! ¥
SCK i i
(Output) S :
1 ! 5 »l
| L
ity K pro ¥ D6-Out . X ooout_ XXX

| 1
[ 6:: ! ! ! 'y
( omgust)l X D7n X D& X DO-n
| 10 ” 1! -
'

VR000107

Note: Measurement points are VOL, VOH, VIL, and VIH

Figure 44. SPI Master Timing Diagram CPOL=1, CPHA=1

ss
(Input) ./ i

SCK Wﬁ. 1 [
(Ompm) ! 5

MISO :
(input XXZZX D7-In X D6-in . X Do-n

1 611 7 |
MOSI [ 1l ! ' /L
ra N -
Output) X D7-Out X  De-out D po-out X
' 10 41 11 :
! 1 ! VRO000108
Note: Measurement points are VOL, VOH, VIL, and VIH
457, 865 THOMSON 77198
« MICROELECTRDNCS
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ELECTRICAL CHARACTERISTICS (Continued)

Figure 45. SPI Master Timing Diagram CPOL=0, CPHA=0

(Inpﬁts) -/ 1 \_

1
i i, 13 12
] —l——
SCK . —"'"‘—: }
(Output) i! .’SL J‘
i, 4 M5
L 1 ! 11 ! yy
MISO /s
(Input) MX, - D7-Iln X D6-In o X DO-In XXXX
t I 6 : : 7 | ! ryi
MOSI 7/
D7-Out 1 D6-Out DO0-Out
(Output) xl o ™ :IX /- L X
; 11 |
! ! VR000109

Note: Measurement points are VOL, VOH, VIL, and VIH

Figure 46. SPI Master Timing Diagram CPOL=1, CPHA=0

ss
(Input) ./ L 1 . \__
] 1
, 13 vy 12
‘_x: ' 1 1 !
SCK | }_J——L//._f__\—/_
{Output) : 5 ! 4 h d
I ad
L Lo 11 ! ryi
npuy SRR f X
(Input) L D7-Iln X Dé-In ” DO-In XZXX
16117
1 14 ! | 1L
MOS! 7/
(Outp X _ IEI)7-Ou1t1 ?( De-Out’ X  poou X
' | ' VR000110
Note: Measurement points are VOL, VOH, VIL, and VIH
78/95 SCS-THOMSON
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ELECTRICAL CHARACTERISTICS (Continued)

Figure 47. SPI Slave Timing Diagram CPOL=0, CPHA=1

(|nput) : ry. i

R
I 2 1
. N | I 1 | 1!
h | I ] 13 12 3 I
SCK | Il ) ! Il ] ’ Il '
(Input) i : ! : L #! \' i
i |
HighZi=—t—f e : |
{ 1 It ’l y
Outoud —}—EX D7-Out X De-out b( Do-Out  p—
] T M h 7 T 1
o) ,I|8I,I . :! II10Il ’ 1111 1 91
D7-In D6-In DO-In
(input) S X "X XK
) ——

VRO000111

Notes: Measurement points are VOL, VOH, ViL, and VI4
* Denotes undefined, either high or low .

Figure 48. SP1 Slave Timing Diagram CPOL=1, CPHA=1

SS l*_
(Input) A Za &
I 2 i1
! ! 1 H 1!
] 1 r i, 12 1 13 3 i
SCK =y { , . | —
(nput) 1 : ; 4 i i ;
) 1 5 4 [ ) 1
| High-Z 1 i ' ! | ' !
MISO ! L 1 of forek § 1 ,
(Output) ™| ;: X l[?7'0Ut . x: D6-Out — X DO-Out >
I L} 1
o8 __{i:‘_ : : 1 10 111 19
M . — ' ;
(Input) D7-In X_oein X Do-in__ XXXX_
L6 117 i
) LI 1
VR000112
Notes: Measurement points are VOL, VOH, VIL, and VIH
* Denotes undefined, either high or low .
437, 553 THOMSON 79/85
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ELECTRICAL CHARACTERISTICS (Continued)

Figure 49. SPI Slave Timing Diagram CPOL=0, CPHA=0

§8 T\ ,r—}
(Input) ! &
2 : ! | !
I 1 13 [} 12 . ' 3 1]
1 I
SCK | P — Y\ .i }'—\l ! H
Input ! ! !
(Input) : : E 4 ;E : 5 - E 1 i i :
MISO Hign-z! 3 L = — —
(Output) =4 D7-Out x D6-Out X DO-Out >
8 i 11 07| T 1 9 1
MOSI e o f—
I T 71 i 7 44
e s il VRO000113

Notes: Measurement points are VOL, VOH, VIL, and VIH
* Denotes undefined, either high or low .

Figure 50. SPI Slave Timing Diagram CPOL=1, CPHA=0

SS ' lf'
(nputy ¥ » 5
[}
lqi—-‘

I
MISO High-Z o/ :
(Output) —— % prow X Deouw X DO-Out >
8 |

i ll 10| 1! 11 T T LA L
OS] '| ' :: { t ] | 5 9 1!
L4
( p! ) =TT T 7 7/
6 | H—"
T T VAOD0114

Notes: Measurement points are VOL, VOH, VIL, and VIH
* Denotes undefined, either high or low .

80/95

IO7R At

W 7929237 00kl%987 709 mm

This Material Copyrighted By Its Respective Manufacturer



3.3 APPLICATION EXAMPLE
Figure 51. MultiSync 17” to 21” Monitor Block Diagram (with OSD and Dynamic Focus Control)

DSUB + BNC
Connector
3 Video Driver Video Ampilifier | .l 4 | | |
7 TDA9205S visiz b
High Volt. Tr. LR
|
-y “
"
8l . B + DC/DC F
/ Conv.
) )
MCU | »{ H/V Procesor, B+ Driver | | __ H Defl. | |
ST7271 E/W Correction THD300
16KROM — | = TDA9103S B 1
— 4
256 RAM 10 f
512 EEPROM . EHT Gen.
56 PinS-DIL | | N B I
< \ I
| E/W Corr.
N 0.8.D. . o )
Y ynamic
STV9420 Focus
V Defl.
TDAB179FS
]
Universal S.M:P.S.+P.F.C. Dual DC/DC Conv.
Mains TEA2262, L6560 LXXXX
VR01974
SGS-THOMSON 81/95
‘7’. WICROILICTRONCS
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3.4 PA

Figure 52. 56-Shrink Plastic Dual In line Package, 600-Mil Width

CKAGE MECHANICAL DATA

[ ] Dim. mm Inches
Min | Typ | Max | Min | Typ | Max
{ 1 { } \L A 5.08 0.200
K2 . § A H c A1 | 051 0.020
AL L p—— 8 035 0.59 | 0.014 0.023
Bl B 1 E Bl | 075 1.42 | 0.030 0.056
—t c |020 0.36 | 0.008 0.014
D1 D1 D 52.12 2.052
- D D1 - - - - - -
E 15.2 BSD 0.600 BSD
N% F# E1 13.72 p.540
K| - - - -~ - -~
K1 Dy - - - - - - -
] 5_'—""/ /— ''''' . L |254 3.81 | .100 0.150
P et 1.78 0.070
Wﬁﬁ/ % Number of Pins
1 N/2 VROO1725 N 56
Figure 53. 42-Shrink Plastic Dual In line Package, 600-Mil Width
E1 Dim. mm inches
Min | Typ | Max | Min | Typ | Max
i = { } \_!_1 A 5.08 0.200
KZT A i Al 051 0.020
I C
| IS — B | 035 0.59 | 0.014 0.023
81 8 1 E B1 | 075 1.42 | 0.030 0.056
T c |oz20 0.36 | 0.008 0.014
D1 D1 D |36.32 39.12 1.430 1.540
: D p1 | - - _ _ _ _
£ 15.2 BSD 0.600 BSD
N&% /#-E% E1 13.72 b.540
ki | - B —~ - - —
K1 D ” - - - = — -
_5 - T _/ /_ ''''' [ L | 254 3.81 | 100 0.150
o e1 1.78 0.070
“u-E-E-J As-u-u-m Number of Pins
1 N/2 VROO1725 N | 42
82/95 57 3G3-THOMSON
Y. e
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3.5 ORDERING INFORMATION

Ordering Information Table

B 7929237 00b1990 2T3 |

Sales Type ROM RAM EEPROM Temperature Range Package
(Bytes) (Bytes) (Bytes)
ST7271N5B1 16K 256 512 PSDIP56
ST7271N3B1 12K 256 512 Oto+70°C PSDIP56
ST7271N1B1 8K 192 384 PSDIP56
ST7271J1B1 8K 192 384 PSDIP42
L7, 855-THOMSON 83/%
'« MICROELECTRDNCS
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ST7271 MICROCONTROLLER OPTION LIST

L1113 (o 4 271 £ P
¥ Lo | (=1 PN
070 11 = o X
1 T o V=Y 1 N
[Tz (=] (= 2 o = A

SGS-THOMSON Microelectronics references

Device:
PSDIP56 [ ] ST7271N5 [ ] ST7271N3 [ 1 ST7271N1
PSDIP42 [ 1 ST7271J1
Temperature Range [ ]0to70°C
Software Development [ ] SGS-THOMSON [ ] Customer
[ ] External Laboratory
For marking one line with 11 characters maximum is possible
Special Marking [ INo
[ ]Yes e __ i

Letters, digits,’ .’,” - ',’/ ' and spacesonly

OPTIONLIST:
Watchdog State After Reset [ 1 Enabie [1] D’isable
Watchdog during WAITmode [ ] Active [ ] Suspend
input Clock to SPI (8MHz osc) [ 1] 2MHz [ 1 4MHz
Signature .....c.ceveveemreeeeemeeeennnneen.
Date ..o

84/95

Ly7 35 THMON
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