






































































































































































































































































































































































































































































































































































































































ST9036

Figure 1b. 56 Pin Shrink DIP Pinout

1.1 GENERAL DESCRIPTION

The ST9036 is a ROM member of the ST9 family of
1 d b 56 microcontrollers, completely developed and pro-
2 d b 55 duced by SGS-THOMSON Microelectronics using
37 N 54 a proprietary n-well HCMOS process.
i : The ST9036 EPROM peripheral and functional ac-
I ! tions are fully compatible throughout the
! : ST903x/4x family. This datasheet will thus provide
I | only information specific to this ROM device.
| | THE READER IS ASKED TO REFER TO THE
| ! DATASHEET OF THE ST9030 ROM-BASED DE-
! ! VICE FOR FURTHER DETAILS.
26 & H 31 The nucleus of the ST9036 is the advanced Core
27 0 0 30 which includes the Central Processing Unit (CPU),
28 O n 29 the Register File, a 16 bit Timer/Watchdog with 8
bit Prescaler a Serial Peripheral Interface support-
VROA1740 ing S-bus, [°C-bus and IM-bus Interface, plus two 8
. s bit 1/0 ports. The Core has independent memory
Table 3. ST9036B Pin Description and register buses allowing a high degree of pipe-
Pin Pin name Pin Pin name lining to add to the efficiency of the code execution
speed of the extensive instruction set. The power-
1 [P42/AIN2 56 | P41/AINT ful 1/0 capabilities demanded by microcontroller
2 | P43/AIN3 55 | P40/AINO applications are fulfilled by the ST9036 with up to
3 | P45/AINS 54 | P23/SDO 56 /0 lines dedicated to digital Input/Output.
These lines are grouped into up to seven 8 bit /O
4 | PAG/AING 53 P22{|NT?/ SCK Ports and can be configured on a bit basis under
5 | P47/AIN7 52 | P21/SDI/P:D software control to provide timing, status signals,
6 |AVDD 51 | P20/NMI an address/data bus for interfacing external mem-
7 | Avss 50 | P70/SIN ory, timer inputs and outputs, analog inputs, exter-
nal interrupts and serial or parallel I/O with or
8 | P44/AIN4 49 | P71/SOUT without handshake.
9 |P57 48 | P72/CLKOUT Three basic memory spaces are available to support
10 | P56 TXCLK/INT4 this wide range of configurations: Program Memory
11| P55 47 |P73/ADTRG (internal and external), Data Memory (internal and ex-
" RXCLK/INT5 ternal) and the Register File, which includes the control
12 |PS 46 | P7AWDOUTBUSRE] and status registers of the on-chip peripherals.
13| PSs 45 | P7ZAWWDINBUSACK Two 16 bit MultiFunction Timers, each with an 8 bit
14 [ P52 22 |Rw Prescaler and 13 operating modes allow simple
15 | OSCOUT use for complex waveform generation and meas-
16 | Vss 43 _|DS urement, PWM functions and many other system
17 losciN 42 |AS timing functions by the usage of the two associated
21 | Voo DMA channels for each timer. In addition there is
18 | RESET 0 v an 8 channel Analog to Digital Converter with inte-
19 | P37/T1OUTB SS gral sample and hold, fast 11us conversion time
20 | P36 T1INB 39 | P07/A7/D7 and 8 bit resolution. An Analog Watchdog feature
21 NG 38 | PO6/A6/D6 is included for two input channels.
22 | P35/ T10UTA 37 | PO5/A5/D5 Completing the device is a full duplex Serial Com-
36 | PO4/A4/D4 munications Interface with an integral 110 to
23 | P34/T1INA 35 | Po3/A3D3 375,000 baud rate generator, asynchronous and
24 | P33/TOOUTB d 1.5Mbyte/s synchronous capability (fully program-
25 | P32/TOINB 34 | PO2/A2/D2 mable format) and associated address/wake-up
26 | P31/TOOUTA 33 | P01/A1/D1 option, plus two DMA channels.
27 | P30/P/D/TOINA 32| POO/AO/DO
28 |P13/A11 31_|P10/A8
30 |P11/A9
29 | P12/A10
anz SGS-THOMSO
‘ﬁ R‘BGR@EU’ZC[’L%@?\E@N@
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1.2 PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the begin-
ning of each memory cycle. The rising edge of AS
indicates that address, Read/Write (R/W), and
Data Memory signals are valid for program or data
memory transfers. Under program control, AS can
be placed in a high-impedance_state alon ng with
Port 0 and Port 1, Data Strobe (DS) and R/W.

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During a read cycle, Data In must be valid prior
to the trailing edge of DS. When the ST9036 ac-
cesses on-chip memory, DS is held high during the
whole memory cycle. It can be placed in a high im-
pedance state along with Port 0, Port 1, ASand R/W.

RW. Read/Write (output, 3-state). Read/Write
determines the direction of data transfer for exter-
nal memory transactions. R/W is low when writing
to external program or data memory, and high for
all other transactions. It can be placed in a high im-
pedance state along with Port 0, Port 1, AS and DS.

RESET. Reset (input, active low). The ST is initial-
ised by the Reset signal. With the deactivation of RE-
SET, program execution begins from the Program
memory location pointed to by the vector contained
in program memory locations 00h and 01h.

INTO, INT7. External interrupts (input, active on ris-
ing or falling edge). External interrupt inputs 0 and

Figure 3. ST9036 Block Diagram

7 respectively. INTO channel may also be used for
the timer watchdog interrupt.

OSCIN, OSCOUT. Oscillator (input and output).
These pins connect a parallel-resonant crystal
(24MHz maximum), or an external source to the
on-chip clock oscillator and buffer. OSCIN is the in-
put of the oscillator inverter and internal clock gen-
erator; OSCOUT is the output of the oscillator
inverter.

AVpp. Analog Vpp of the Analog to Digital Converter.

AVss. Analog Vss of the Analog to Digital Con-
verter. Must be tied to Vss.

Vop. Main Power Supply Voltage (5V + 10%)
Vss. Digital Circuit Ground.

P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-
P4.7, P5.0-P5.7, P7.0-P7.7 I/O Port Lines (In-
put/Output, TTL or CMOS compatible). 56 lines
grouped into I/O ports of 8 bits, bit programmable
under program control as general purpose 1/O or
as alternate functions.

1.2.1 1/0O Port Alternate Functions

Each pin of the 1/0 ports of the ST9036 may as-
sume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Table 1-4 shows the Functions allocated to each
I/O Port pins and a summary of packages for which
they are available.

16k Bytes 256 Bytes 256 Bytes
ROM RAM REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI

SCI 110 PORT 7

CPU WITH DMA (scr)

MEMORY BUS

N

REGISTER BUS

TIIT T 1

1 1

i Hﬂ
g 1

110 PORT 0 110 PORT 1 1/0 PORT 2 1/0 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 A/ID 1/0 PORT 5
( Address/Data ) ( Address ) (SPI) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
AV, AV,
VROH1385
LNy SGS-THOMSON 52
"» MICROELECTRONICS

217



ST9036

PIN DESCRIPTION (Continued)
Table 4. ST9036 /0 Port Alternate Function Summary

/0 PORT Name Function | Alternate Function Pin Assignment
Port. bit PLCC PQFP PSDIP

P0.0 A0/DO 110 Address/Data bit 0 mux 24 39 32
PO.1 A1/D1 110 Address/Data bit 1 mux 25 40 33
P0.2 A2/D2 110 Address/Data bit 2 mux 26 4 34
P0.3 A3/D3 110 Address/Data bit 3 mux 27 42 35
P0.4 A4/D4 110 Address/Data bit 4 mux 28 43 36
P0.5 A5/D5 /10 Address/Data bit 5 mux 29 44 37
P0.6 A6/D6 110 Address/Data bit 6 mux 30 45 38
P0.7 A7/D7 /10 Address/Data bit 7 mux 31 46 39
P1.0 A8 0} Address bit 8 23 38 31
P1.1 A9 (0] Address bit 9 22 37 30
P1.2 A10 (e] Address bit 10 21 36 29
P1.3 A1 (6] Address bit 11 20 35 28
P1.4 A12 o Address bit 12 19 34

P1.5 A13 (e} Address bit 13 18 33

P1.6 A14 o} Address bit 14 17 31

P1.7 A15 o Address bit 15 16 30

P2.0 NMI | Non-Maskable Interrupt 44 64 51
P2.0 ROMless | ROMiIess Select (Mask option) 44 64 51
P2.1 P/D (0] Program/Data Space Select 45 65

P2.1 SDI I SPI Serial Data Out 45 65 52
p2.2 INT2 | External Interrupt 2 46 66 53
pP2.2 SCK o SPI Serial Clock 46 66 53
P2.3 SDO (e} SPI Serial Data In 47 67 54
P2.4 INT1 | External Interrupt 1 48 68

P2.4 WRSTB5 I Handshake Write Strobe P5 48 68

P2.5 WRRDY5 (0] Handshake Write Ready P5 49 69

P2.6 INT3 | External Interrupt 3 50 70

P2.6 RDSTB5 I Handshake Read Strobe P5 50 70

P2.6 P/D (0] Program/Data Space Select 50 70

pP2.7 RDRDY5 (e} Handshake Read Ready P5 51 71

P3.0 TOINA 1 MF Timer O Input A 15 29 27
P3.0 P/D O Program/Data Space Select 15 29 27
P3.1 TOOUTA o MF Timer 0 Output A 14 28 26
P3.2 TOINB | MF Timer O Input B 13 27 25
P3.3 TOOUTB (e} MF Timer 0 Output B 12 26 24
P34 T1INA | MF Timer 1 Input A 11 25 23

= Ly, 320NN
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PIN DESCRIPTION (Continued)

Table 4. ST9036 1/0 Port Alternate Function Summary(Continued)

> MICROELECTROMICS

‘y_l SGS-THOMSON

1/0 PORT Name Function | Alternate Function Pin Assignment

Port. bit PLCC PQFP PSDIP
P3.5 T10OUTA (¢] MF Timer 1 Output A 10 24 22
P3.6 T1INB | MF Timer 1 Input B 9 23 20
P3.7 T10UTB (0] MF Timer 1 Output B 8 22 19
P4.0 AINO | A/D Analog Input 0 52 72 55
P4.1 AIN1 | A/D Analog Input 1 53 73 56
P4.2 AIN2 | A/D Analog Input 2 54 74 1
P4.3 AIN3 I A/D Analog Input 3 55 75 2
P4.4 AIN4 | A/D Analog Input 4 61 4 8
P4.5 AIN5S | A/D Analog Input 5 56 76 3
P4.6 AIN6 | A/D Analog Input 6 57 77 4
P4.7 AIN7 | A/D Analog Input 7 58 78 5
P5.0 110 1/0 Handshake Port 5 3 15
P5.1 /10 1/0 Handshake Port 5 2 14
P5.2 /10 1/0 Handshake Port 5 13 14
P5.3 110 1/0 Handshake Port 5 68 1 13
P5.4 110 1/0 Handshake Port 5 65 12
P5.5 110 1/0 Handshake Port 5 64 11
P5.6 l{e} 1/0 Handshake Port 5 63 10
P5.7 110 I/0 Handshake Port 5 62 9
P7.0 SIN | SClI Serial Input 43 61 50
P71 SOuUT o SCI Serial Output 42 60 49
P7.1 ROMIless | ROMiless Select (Mask option) 42 60 49
P7.2 INT4 | External Interrupt 4 41 59 48
P7.2 TXCLK | SCI Transmit Clock Input 41 59 48
P7.2 CLKOUT (0] SCI Byte Sync Clock Output 41 59 48
P7.3 INTS | External Interrupt 5 40 58 47
P7.3 RXCLK | SCI Receive Clock Input 40 58 47
P7.3 ADTRG | A/D Conversion Trigger 40 58 47
P7.4 INT6 | External Interrupt 6 39 57
P7.4 P/D 0 Program/Data Space Select 39 57
P7.5 WAIT | External Wait Input 38 56
P7.6 WDOUT (e} T/WD Output 37 55 46
P7.6 BUSREQ I External Bus Request 37 55 46
P7.7 WDIN | T/WD Input 36 54 45
P7.7 BUSACK 0 External Bus Acknowledge 36 54 45

712
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1.3 MEMORY

1.3.1 INTRODUCTION

The memory of the ST9 is divided into two spaces:
- Data memory with up to 64K (65536) bytes

- Program memory with up to 64K (65536) bytes

Thus, there is a total of 128K bytes of addressable
memory space.

The 16K bytes of on-chip ROM memory of the
ST9036 are selected at memory addresses 0
through 3FFFh (hexadecimal) in the PROGRAM

Figure 1-4. Memory Map

space.The data space includes 256 bytes of on-
chip RAM at address 200h through 2FFh.

Off-chip memory, addressed using the multiplexed
address and data buses (Ports 0 and 1) may be di-
vided into the Program and Data spaces by the ex-
ternal decoding of the Program/Data select pin
(P/D) available as an Alternate function output, al-
lowing the full 127.5K byte memory

The first 512 bytes of the data space are not acces-
sible.

65535 FFFF 65535 FFFF
16384 AFFF

ROM 768 RAM 02FF

512 NOT - O01FF

oooo L——— 1 ___. 0000 ACCESS'BLE _ 0000

INTERNAL ExTeERNAL 0% INTERNAL  EXTERNAL
PROGRAM SPACE DATA SPACE
VR01996G

812 (57 SGS-THOMSON
’In MICROELECTRONICS
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AC ELECTRICAL CHARACTERISTICS
(Vop =5V £ 10% Ta =—40 °C to + 85°C, unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Run Mode Current
I no CPUCLK prescale, 24MHz, Note 1 50 mA
Clock divide by 2
Run Mode Current
Iop2 Prescale by 2 24MHz, Note 1 30 mA
Clock divide by 2
WFI Mode Current
lwFi no CPUCLK prescale, 24MHz, Note 1 20 mA
Clock divide by 2
IHaLT HALT Mode Current 24MHz, Note 1 100 pA

Note 1: All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave
external clock. No peripheral working.

‘7_’ SGS-THOMSON

MICROELECTROMICS

9/12
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68-Pin Plastic Leadless Chip Carrier

Dim. mm inches
Min | Typ | Max [ Min | Typ | Max
e A |420 508 [0.165 0200
~ Rorber of P h AL 0S5t 0.0%0
P 1 . A3 229 330 [0.090 0130
(ooszzaamaes == :F B | - - - :
B — a {1n Bl | - | - | - | - [ -]~
i K1 B I
e g e D |2502 2527|0985 0995
o i = D7 |2418 2433 0.950 0958
Ny o3 01 D = D3 2032 0800
£ :' of 1 E [2502 2527|0985 0995
;Z’ ; 0o Et [2413 2433[0950 0958
Y b = E3 2032 0800
=== = Ki - -
¥
b——e3— Y h
e A3 e 127 0.050
E N Number of Pins
L—- N 64
VRO01534 ND 16
NE 16
56-Pin Plastic Shrink Dual-In-line Package, 600 Mil Width
Dim. mm inches
El Min | Typ [ Max | Min | Typ | Max
; | A 508 0200
] L
" — A1 {051 0020
Kz U i 4‘_ A
I N e
1
Bl B—-u- et ¢ |o20 036 | 0008 0014
_ | |b D1 D 52.12 2052
D o - | -] -]-1]-]-
N E 18 54 0730
/' /'“ E1 1372 0540
K L ki -1-1-1-1-1-
o] e -
/’ /’ L |254 381 | 100 0150
{ | =, el 178 0070
! / VROO1723 Number of Pins
N 56
ORDERING INFORMATION
Sales Type Frequency Temperature Range Package
ST9036Q1/XX PQFP80
ST9036C1/XX 0°Cto + 70°C PLCC68
ST9036B1/XX 24MHz PSDIP56
ST9036C6/XX PLCC68
-40°C to + 85°C
ST9036B6/XX PSDIP56

Note: “XX" 1s the ROM code identifier that 1s allocated by SGS-THOMSON after receipt of all required options and the related ROM file.

1012 L7, SGS-THOMSON

= MICROELECTRORICS
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ST9036 STANDARD OPTION LIST

Please copy this page (enlarge if possible) and complete ALL sections.
Send the form, with the ROM code image required, to your local SGS-THOMSON sales office.

Customer Company @ [... .......... ..o oene, R ]
Company AAress : [, oo |
Lo, O PRPP PRI ]
Telephone : Lo ]
FAX : [ ]
Contact : [ ] Telephone (Direct): [.... ...................]

Please confirm characteristics of device :

Device ST9036
Package [ ] PQFP80 [ ] PLCC68 [ ] PSDIP56
Temperature Range [ ] -40°C to +85°C [ ] 0°Cto+70°C
Special Marking [ ]1No
[ ]Yes T4characters [ | | | [[ 11111 111]

Authorized characters are letters, digits, ".", "', /" and spaces only.
Please consult your local SGS-THOMSON sales office for other marking details if required.
Notes :

ROMIess Option (Consult text)

[ 1No

[ ] Yes PortBit [ ]P71 [ ] P20
Code : [ ] EPROM (27128, 27256)

[ ] HEXformat files on IBM-PC® compatible disk

filename: [....................]
Confirmation : [ ] Code checked with EPROM device in application
Yearly Quantity forecast: [ .......... ... .. ... ] K units
- for a period of : Lo ] years
Preferred Production startdates : [ .....................] (YY/MM/DD)
Customer Signature :
Date :
g 11112
J STR- AL
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NOTES :

12/12 Ly7 SGS-THOMSON
Y. vicromzcTROMCS
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ST9040

16K ROM HCMOS MCU

WITH EEPROM, RAM AND A/D CONVERTER

Register oriented 8/16 bit CORE with
RUN, WFI and HALT modes

» Minimum instruction cycle time : 500ns
(12MHz internal)

Internal Memory :

ROM . 16K bytes
RAM 256 bytes
EEPROM 512 bytes

224 general purpose registers available as RAM,
accumulators or index registers (register file)

= 80-pin PQFP package for ST9040Q
= 68-lead PLCC package for ST9040C
= 56-pin shrink DIP package for ST9040B

» DMA controller, Interrupt handler and Serial Pe-
ripheral Interface as standard features

= Up to 56 fully programmable I/O pins
= Up to 8 external plus 1 non-maskable interrupts

» 16 bit Timer with 8 bit Prescaler, able to be used
as a Watchdog Timer

= Two 16 bit Multifunction Timers, each with an 8
bit prescaler and 13 operating modes

8 channel 8 bit Analog to Digital Converter, with
Analog Watchdogs and external references

Serial Communications Interface with asynchro-
nous and synchronous capability

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

Versatile development tools, including assembler,
linker, C-compiler, archiver, graphic oriented de-
bugger and hardware emulators

= Real Time Operating System

» Windowed and One Time Programmable EPROM
parts available for prototyping and pre-production
development phases

» Pin to pin compatible with ST9030 and ST9036

March 1994
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PQFP80

PLCC68

PSDIP56

(Ordering Information at the end of the Datasheet)

1/57
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Figure 1. 80 Pin PQFP Package

80 65
(00T
[ ]

1 —/ 64
2 =
3 —
| i
| |
| |
| |
— =
—_ —
24 — /= 41
TUL__ ol
25 40
VROA1649
Table 1. ST9040Q Pin Description
Pin Name Pin Name Pin Name Pin Name
1 AVss 25 | P34/T1INA 64 | P20/NMI 80 | AVop
2 |AVss 26 | P33/TOOUTB 63 |NC 79 |NC
3 NC 27 | P32/TOINB 62 |Vss 78 | P47/AIN7
4 P44/AIN4 28 | P31/TOOUTA 61 [P70/SIN 77 | P46/AING
5 P57 29 | P30/P/D/TOINA 60 | P71/SOUT 76 | P45/AINS
6 P56 30 |A15 59 | P72INT4TXCLK 75 | P43/AIN3
7 P55 31 |A14 /CLKOUT 74 | P42/AIN2
8 P54 32 NC 58 P73/INT5 73 P41/AIN1
9 INT7 33 |A13 /RXCLK/ADTRG 72 | P40/AINO
10 | INTO 34 | A12 57 | P74/P/D/INT6 71 | P27/RRDY5
11 | P53 35 |A11 56 | P75/WAIT ;0 |P26INTS
12 NC 36 |A10 55 P76/WDOUT /RDSTBS5/P/D
13 | P52 37 | A9 /BUSREQ 69 | P25/WRRDY5
14 | P51 38 | A8 54 | P77/WDIN cs | PR4/INT1
15 | P50 39 | PO0O/A0/DO /BUSACK /WRSTB5
16 | OScouT 40 | PO1/A1/D1 53 |RW 67 | P23/SDO
17 | Vss 52 |NC 66 | P22/INT2/SCK
18 | Vss 51 |DS 65 | P21/SDI/P/D
19 [NC 50 |AS
20 |OSCIN 49 |NC
21 | RESET 48 | Vop
22 | P37/T1OUTB 47 | Vop
23 | P36/T1INB 46 | PO7/A7/D7
24 | P35/T1OUTA 45 | PO6/A6/D6
44 | PO5/A5/D5
43 | P04/A4/D4
42 | PO3/A3/D3
41 | PO2/A2/D2
&3] $55.THomsoN
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Figure 2. 68 Pin PLCC Package

e 44
61 n43
| |
1 |
| 1
| I
68 4 |
14 |e |
2 A l
| |
| 1
| I
I I
I |
9k Ho7
w0 T 26
VR0OD1649
Table 2. ST9040C Pin Description
Pin | Name Pin | Name Pin | Name Pin | Name
61 | P44/AIN4 10 | P35/T10UTA 43 | P70/SIN 60 | AVss
62 |P57 11 | P34/T1INA 42 | P71/SOUT 59 | AVpp
63 P56 12 P33/TOOUTB 1 P72/CLKOUT 58 P47/AIN7
64 |P55 13 | P32/TOINB /TXCLK/INT4 57 | P46/AING
65 | P54 14 | P31/TOOUTA 4 |P73/ADTRG 56 | P45/AIN5
66 |INT7 15 | P30/P/D/TOINA /RXCLK/INTS 55 | P43/AIN3
67 |INTO 16 | P17/A15 39 | P74/P/D/INT6 54 | P42/AIN2
68 |P53 17 | P16/A14 38 |P75/WAIT 53 | P41/AIN1
®1 |[P52 18 | P15/A13 47 | P78/WDOUT 52 | P40/AINO
2 P51 19 | P14/A12 /BUSREQ 51 | P27/RRDY5
3 P50 20 | P13/A11 a5 | P7ZWDIN 50 |PREINTS
4 OSCOouUT 21 P12/A10 /BUSACK /RDSTBS/P/D
5 |Vss 22 | P11/A9 35 |RW 49 | P25/WRRDY5
6 |OSCIN 23 |P10/A8 34 |DS 4 | PR4/INTH
7 RESET 24 | POO/AO/DO 33 |[AS /WRSTB5
8 P37/T10UTB 25 | PO1/A1/D1 32 | Vop 47 | P23/SDO
9 P36/T1INB 26 | P02/A2/D2 31 | PO7/A7/D7 46 | P22/INT2/SCK
30 | P06/A6/D6 45 | P21/SDI/P/D
29 | P05/A5/D5 44 | P20/NMI
28 | P04/A4/D4
27 | P03/A3/D3
L5 SGS-THOMSON 357
7’e [MICROELECTROMICS
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Figure 1b. 56 Pin Shrink DIP Pinout

1.1GENERAL DESCRIPTION

—— The ST9040 is a ROM member of the ST9 family of
10 b 56 microcontrollers, completely developed and pro-
o g 555 duced by SGS-THOMSON Microelectronics using
3 54 a proprietary n-well HCMOS process.
I I The ST9040 peripheral and functional actions are
i i fully compatible throughout the ST903x/4x family.
{ : This datasheet will thus provide only information
| | specific to this ROM device.
: { THE READER IS ASKED TO REFER TO THE
i i DATASHEET OF THE ST9030 ROM-BASED DE-
: : VICE FOR FURTHER DETAILS.
26 H H 31 The nucleus of the ST9040 is the advanced Core
27 0 b 30 which includes the Central Processing Unit (CPU),
28 O 0 29 the Register File, a 16 bit Timer/Watchdog with 8
bit Prescaler a Serial Peripheral Interface support-
VROA1740 ing S-bus, I°C-bus and IM-bus Interface, plus two 8
| . bit 1/0 ports. The Core has independent memory
Table 3. ST9040B Pin Description and register buses allowing a high degree of pipe-
- - - - lining to add to the efficiency of the code execution
Pin Pin name Pin Pin name speed of the extensive instruction set. The power-
1 | P42/AIN2 56 | P41/AIN1 ful /O capabilities demanded by microcontroller
2 | P43/AIN3 55 | P40/AINO applications are fulfilled by the ST9040 with up to
3 | P45/AING 54 | P23/SDO 56 1/0 lines dedicated to digital Input/Output.
These lines are grouped into up to seven 8 bit I/O
4 | P46/AING 53 | P22/INT2/SCK Ports and can be configured on a bit basis under
5 | P47/AIN7 52 | P21/SDI/P/D software control to provide timing, status signals,
6 |AvVDD 51 | P2o/NMI an address/data bus for interfacing external mem-
ory, timer inputs and outputs, analog inputs, exter-
7_|AVSS 50_|P70/SIN na}; interrup;t)s and seriafl)l or parall%l IF/)O with or
8 P44/AIN4 49 | P71/SOUT without handshake.
9 |P57 48 P72/CLKOUT Three basic memory spaces are available to support
10 | P56 TXCLK/INT4 this wide range of configurations: Program Memory
11 |Pss5 47 | P73/ADTRG (internal and external), Data Memory (internal and ex-
RXCLK/INT5 ternal) and the Register File, which includes the control
12| P54 76 |PowbouBeeg  and status registers of the on-chip peripherals.
13_|Ps3 25 | PT7WDINBUSAGK  TWo 16 bit MultiFunction Timers, each with an 8 bit
14 | P52 — Prescaler and 13 operating modes allow simple
15 |oscouT 44 |RW use for complex waveform generation and meas-
16 | Ves 43 | DS urement, PWM functions and many other system
42 |AS timing functions by the usage of the two associated
17| OSCIN FERREY DMA channels for each timer. In addition there is
18 | RESET Do an 8 channel Analog to Digital Converter with inte-
19 | P37/T1I0UTB 40 | Vss gral sample and hold, fast 11us conversion time
20 | P36/T1INB 39 | P07/A7/D7 and 8 bit resolution. An Analog Watchdog feature
38 | PO6/A6/D6 is included for two input channels.
21 |NC . L .
37 | Po5/A5/D5 Completing the device is a full duplex Serial Com-
22 | P35/T1OUTA 36 | Poa/AdDa munications Interface with an integral 110 to
23 | P34/T1INA 375,000 baud rate generator, asynchronous and
24 | P33/TOOUTE 35 | PO3/A3/D3 1.5Mbyte/s synchronous capability (fully program-
25 | P32/TOINB 34 | P02/A2/D2 ma;ple fc:rm?wt) aghc/ilAasliociatled address/wake-up
ion, .
26 | P31/TOOUTA 33 | P01/A1/D1 option, plus two channels
27 | P30/P/D/TOINA 32| POO/AO/DO
28 | P13/A11 81 _|P10/A8
30 |P11/A9
29 [P12/A10
4/57 r
[STR- Aot
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1.2 PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the begin-
ning of each memory cycle. The rising edge of AS
indicates that address, Read/Write (R/W), and
Data Memory signals are valid for program or data
memory transfers. Under program control, AS can
be placed in a high-impedance_state along with
Port 0 and Port 1, Data Strobe (DS) and R/W.

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During a read cycle, Data In must be valid prior
to the trailing edge of DS. When the ST9040 ac-
cesses on-chip memory, DS is held high during the
whole memory cycle. It can be placed in a high im-
pedance state along with Port 0, Port 1, ASand R/W.

R/W. Read/Write (output, 3-state). Read/Write
determines the direction of data transfer for exter-
nal memory transactions. R/W is low when writing
to external program or data memory, and high for
all other transactions. It can be placed in a high im-
pedance state along with Port 0, Port 1, ASand DS.

RESET. Reset (input, active low). The ST9 is initial-
ised by the Reset signal. With the deactivation of RE-
SET, program execution begins from the Program
memory location pointed to by the vector contained
in program memory locations 00h and 01h.

INTO, INT7. External interrupts (input, active on ris-
ing or falling edge). External interrupt inputs 0 and

Figure 3. ST9040 Block Diagram

7 respectively. INTO channel may also be used for
the timer watchdog interrupt.

OSCIN, OSCOUT. Oscillator (input and output).
These pins connect a parallel-resonant crystal
(24MHz maximum), or an external source to the
on-chip clock oscillator and buffer. OSCIN is the in-
put of the oscillator inverter and internal clock gen-
erator; OSCOUT is the output of the oscillator
inverter.

AVpp. Analog Vpp of the Analog to Digital Converter.

AVss, Analog Vss of the Analog to Digital Con-
verter. Must be tied to Vss.

Vpp. Main Power Supply Voltage (5V + 10%)
Vss. Digital Circuit Ground.

P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-
P4.7, P5.0-P5.7, P7.0-P7.7 I/O Port Lines (In-
put/Output, TTL or CMOS compatible). 56 lines
grouped into I/O ports of 8 bits, bit programmable
under program control as general purpose 1/O or
as alternate functions.

1.2.1 1/O Port Alternate Functions

Each pin of the I/O ports of the ST9040 may as-
sume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Table 1-4 shows the Functions allocated to each
I/O Port pins and a summary of packages for which
they are available.

16k Bytes 512 Bytes 256 Bytes
ROM EEPROM RAM

256 Bytes
REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI

SCI 110 PORT 7

WITH DMA (scr)

CPU

S S

[ MEMORY BUS

T [
T 0

> ] Z
[ REGISTER BUS
1/0 PORT 0 110 PORT 1| |0 PORT 2| | 1O PORT 3 2 x 16-it TIMER VO PORT4 | | AID 1/0 PORT 5
( Address/Data ) ( Address ) (SPl) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
AVyy AV,
VR001385
LNy SGS-THOMSON 5/57
Y/, 2icromecTRomES
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PIN DESCRIPTION (Continued)
Table 4. ST9040 I/0 Port Alternate Function Summary

/0 PORT Name Function | Alternate Function Pin Assignment
Port. bit PLCC PQFP PSDIP

P0.0 A0/DO 110 Address/Data bit 0 mux 24 39 32
PO.1 A1/D1 110 Address/Data bit 1 mux 25 40 33
Po.2 A2/D2 110 Address/Data bit 2 mux 26 41 34
P0.3 A3/D3 110 Address/Data bit 3 mux 27 42 35
P0.4 A4/D4 110 Address/Data bit 4 mux 28 43 36
P0.5 AS5/D5 [l{e} Address/Data bit 5 mux 29 44 37
P0.6 A6/D6 110 Address/Data bit 6 mux 30 45 38
P0.7 A7/D7 110 Address/Data bit 7 mux 31 46 39
P1.0 A8 o Address bit 8 23 38 31
P1.1 A9 o Address bit 9 22 37 30
P1.2 A10 o Address bit 10 21 36 29
P1.3 A1 [¢] Address bit 11 20 35 28
P1.4 Al2 (o} Address bit 12 19 34

P1.5 A13 o} Address bit 13 18 33

P1.6 Al14 [¢] Address bit 14 17 31

P1.7 A15 o Address bit 15 16 30

P2.0 NMI | Non-Maskable Interrupt 44 64 51
P2.0 ROMless | ROMiless Select (Mask option) 44 64 51
P2.1 P/D (¢] Program/Data Space Select 45 65

P2.1 SDI | SPI Serial Data Out 45 65 52
P2.2 INT2 | External Interrupt 2 46 66 53
P2.2 SCK (e} SPI Serial Clock 46 66 53
P2.3 SDO o SPI Serial Data In 47 67 54
P2.4 INT1 | External Interrupt 1 48 68

P2.4 WRSTB5 | Handshake Write Strobe P5 48 68

P2.5 WRRDY5 (0] Handshake Write Ready P5 49 69

P2.6 INT3 | External Interrupt 3 50 70

P2.6 RDSTB5 [ Handshake Read Strobe P5 50 70

P2.6 PD O  |Program/Data Space Select 50 70

pP2.7 RDRDY5 O Handshake Read Ready P5 51 4!

P3.0 TOINA | MF Timer O Input A 15 29 27
P3.0 P/D o} Program/Data Space Select 15 29 27
P3.1 TOOUTA (o] MF Timer 0 Output A 14 28 26
P3.2 TOINB | MF Timer O Input B 13 27 25
P3.3 TOOUTB O MF Timer 0 Output B 12 26 24
P3.4 T1INA | MF Timer 1 Input A 1 25 23

6/57
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PIN DESCRIPTION (Continued)

Table 4. ST9040 1/0 Port Alternate Function Summary(Continued)

1/0 PORT Name Function | Alternate Function Pin Assignment

Port. bit PLCC PQFP PSDIP
P3.5 T10UTA o MF Timer 1 Output A 10 24 22
P3.6 T1INB | MF Timer 1 Input B 23 20
P3.7 T10UTB o MF Timer 1 Output B 22 19
P4.0 AINO | A/D Analog Input 0 52 72 55
P4.1 AIN1 | A/D Analog Input 1 53 73 56
P4.2 AIN2 | A/D Analog Input 2 54 74 1
P4.3 AIN3 | A/D Analog Input 3 55 75 2
P4.4 AIN4 | A/D Analog Input 4 61 4 8
P4.5 AIN5 l A/D Analog Input 5 56 76 3
P4.6 AIN6 | A/D Analog Input 6 57 77 4
P4.7 AIN7 | A/D Analog Input 7 58 78 5
P5.0 110 I/0 Handshake Port 5 15
P5.1 l{e] 1/0 Handshake Port 5 14
P5.2 110 1/0 Handshake Port 5 1 13 14
P5.3 l[e] 1/0 Handshake Port 5 68 11 13
P5.4 l[e] 1/0 Handshake Port 5 65 8 12
P5.5 l{e} 1/0 Handshake Port 5 64 7 11
P5.6 l{e] I/0 Handshake Port 5 63 6 10
P5.7 110 1/0 Handshake Port 5 62 5 9
P7.0 SIN | SClI Serial Input 43 61 50
P7.1 SOuUT o SCI Serial Output 42 60 49
P7.1 ROMless | ROMiless Select (Mask option) 42 60 49
P7.2 INT4 | External Interrupt 4 41 59 48
P7.2 TXCLK | SCI Transmit Clock Input 41 59 48
P7.2 CLKOUT o SCI Byte Sync Clock Output 41 59 48
P7.3 INTS | External Interrupt 5 40 58 47
P7.3 RXCLK | SCI Receive Clock Input 40 58 47
P7.3 ADTRG | A/D Conversion Trigger 40 58 47
P7.4 INT6 | External Interrupt 6 39 57
P7.4 P/D (@) Program/Data Space Select 39 57
P7.5 WAIT | External Wait Input 38 56
P7.6 WDOUT o T/WD Output 37 55 46
P7.6 BUSREQ | External Bus Request 37 55 46
P7.7 WDIN | T/WD Input 36 54 45
P7.7 BUSACK O  |External Bus Acknowledge 36 54 45

7157
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ADDRESS SPACES
Table 1-5. Group F Peripheral Organization

Applicable for ST9040
DEC 00 02 03 08 09 10 24 63
DEC HEX 00 02 03 08 09 0A 18 3F
R255 RFF [RESERVEDRESERVED RFF
RESERVED,
R254 RFE sp PORT 7 RFE
PORT 3
R253 RFD ESERVED RFD
R252 RFC | WCR RFC
R251 RFB RESERVED| RFB
R250 RFA | TmD RESERVED RFA
R249 RF9 PORT2 MFT MFTO AP Rre
R248 RF8 MFT RF8
R247 RF7 RESERVED| scl RF7
R246 RF6 PORT 5 MFT 1 RF6
Ress RF5 | EXTINT | PORTI RF5
R244 RF4 RF4
R243 RF3 RESERVEDRESERVED RF3
R242 RF2 MFTO RF2
Re41 RF1 [EEPROMCR o0 | PORT4 RF1
R240 RFO [RESERVED RFO
e k7 2 THIMSON
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1.3 MEMORY

1.3.1 INTRODUCTION

The memory of the ST9 is divided into two spaces:
- Data memory with up to 64K (65536) bytes

- Program memory with up to 64K (65536) bytes

Thus, there is a total of 128K bytes of addressable
memory space.

The 16K bytes of on-chip ROM memory of the
ST9040 are selected at memory addresses 0
through 3FFFh (hexadecimal) in the PROGRAM
space.

The DATA space includes the 512 bytes of on-chip
EEPROM at addresses 0 through 1FFh and the
256 bytes of on-chip RAM memory at addresses
200h through 2FFh.

1.3.2 EEPROM

1.3.2.1 Introduction

The EEPROM memory provides user-programma-
ble non-volatile memory on-chip, allowing fast and
reliable storage of user data. As there is also no
off-chip access required, as for an external serial
EEPROM, high security levels can be achieved.

The EEPROM memory is read as normal RAM
memory at Data Space addresses 0 to 1FFh, how-
ever one WAIT cycle is automatically added for a
Read cycle, while a byte write cycle to the

Figure 1-4. Memory Map

EEPROM will cause the start of an ERASE/WRITE
cycle at the addressed location. Word (16 bit)
writes are not allowed.

The programming cycle is self-timed, with a typical
programming time of 6ms. The voltage necessary
for programming the EEPROM is internally gener-
ated with a +18V charge pump circuit.

Up to 16 bytes of data may be programmed into
the EEPROM during the same write cycle by using
the PARALLEL WRITE function.

A standby mode is also available which disables all
power consumption sources within the EEPROM
for low power requirements. When STBY is high,
any attempt to access the EEPROM memory will
produce unpredictable results. After the re-ena-
bling of the EEPROM, a delay of 6 INTCLK cycles
must be allowed before the selection of the
EEPROM.

The EEPROM of the ST9040 has been imple-
mented in a high reliability technology developed
by SGS-THOMSON, this, together with the double
bit structure, allow 300k Erase/Write cycles and 10
year data retention to be achieved on a microcon-
trolier.

Control of the EEPROM is performed through one
register mapped at register address R241 in Page 0.

65535 FFFF 65535 FFFF
16384 3FFF
ROM 768 02FF
512 RAM | _____ O1FF
ooool | ________. 0000 ooool EEPROM | _____ 0000
INTERNAL EXTERNAL INTERNAL EXTERNAL
PROGRAM SPACE DATA SPACE
VR001354 VR001355
‘ SGS-THOMSON 9/57
7’@ MICROELECTROMICS
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EEPROM (Continued)

1.3.2.2 EEPROM Programming Procedure

The programming of a byte of EEPROM memory is
equivalent to writing a byte into a RAM location af-
ter verifying that EEBUSY bit is low. Instructions
operating on word data (16 bits) will not access the
EEPROM.

The EEPROM ENABLE bit EEWEN must first be
set before writing to the EEPROM. When this bit is
low, attempts to write data to the EEPROM have
no affect, this prevents any spurious memory ac-
cesses from affecting the data in the EEPROM.

Termination of the write operation can be detected
by polling on the EEBUSY status bit, or by inter-
rupt, taking the interrupt vector from the External
Interrupt 4 channel. The selection of the interrupt is
made by EEPROM Interrupt enable bit EEIEN. It
should be noted that the Mask bit of External Inter-
rupt 4 should be set, and the Interrupt Pending bit
reset, before the setting of EEIEN to prevent un-
wanted interrupts. A delay (eg a nop instruction)
should also be included between the operations on
the mask and pending bits of External Interrupt 4.

If polling on EEBUSY is used, a delay of 6 INTCLK
clock cycles is necessary after the end of program-
ming, this can be a nop instruction or, normally,
therequired time to test the EEBUSY bit and to
branch to the next instruction will be sufficient.
While EEBUSY is active, any attempt to access the
EEPROM matrix will be aborted and the data read
will be invalid. EEBUSY is a read only bit and can-
not be reset by the user if active.

An erased bit of the EEPROM memory will read as
a logic “0”, while a programmed cell will be read as
a logic “1”. For applications requiring the highest
level of reliability, the Verify Mode, set by EEPROM
control register bit VRFY, allows the reading of the
EEPROM memory cells with a reduced gate volt-
age (typically 20%). If the EEPROM memory cell
has been correctly programmed, a logic “1” will be
read with the reduced voltage, otherwise a logic “0”
will be read.

1.3.2.3 Parallel Programming Procedure
Parallel programming is a feature of the EEPROM
macrocell. One up to sixteen bytes of a same row
can be programmed at once.

10/57
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The constraint is that each of the bytes occur in the
same ROW of the EEPROM memory (A4 constant,
A3-AO0 variable). To operate this mode, the Parallel
Mode enable bit, PLLEN, must be set. The data
written is then latched into buffers (at the ad-
dresses specified, which may be non-sequential)
and then transferred to the EEPROM memory by
the setting of the PLLST bit of the control register.
Both PLLST and PLLEN are internally reset at the
end of the programming cycle. Any attempt to read
the EEPROM memory when PLLEN is set will give
invalid data. In the event that the data in the buffer
latches is not required to be written into the memory
by the setting of PLLST, the correct way to terminate
the operation is to reset PLLEN and to perform a
dummy read of the EEPROM memory. This termina-
tion will clear all data present in the latches.

1.3.2.4 EEPROM Programming Voltage

No external Vpp voltage is required, an internal
18Volt charge-pump gives the required energy by
a dedicated oscillator pumping at a typical fre-
quency of 5MHz, regardless of the external clock.

1.3.2.5 EEPROM Programming Time

No timing routine is required to control the pro-
gramming time as dedicated circuitry takes care of
the EEPROM programming time (The typical pro-
gramming time is 6ms).

1.3.2.6 EEPROM Interrupt Management

At the end of each write procedure the EEPROM
sends an interrupt request (if EEIEN bit is set). The
EEPROM shares its interrupt channel with the ex-
ternal interrupt source INT4, from which the priority
level is derived.

Care must be taken when EEIEN is reset. The as-
sociated external interrupt channel must be dis-
abled (by reseting bit 4 of EIMR, R244) along with
reseting the interrupt pending bit (bit 4 of EIPR,
R243) to prevent unwanted interrupts. A delay in-
struction (at least 1 nop instruction) must be in-
serted between these two operations

WARNING. The content of the EEPROM of the
ST9040 family after the out-going test at SGS-
THOMSON'’s manufacturing location is not guar-
enteed.

e MICROGLECTRONICS
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EEPROM (Continued)

1.3.2.7 EEPROM Control Register
EECR R241 (F1h) Page 0 Read/Write
(except EEBUSY: read only)

EEPROM Control Register

Reset value : 0000 0000b (00h)

7 0

| 0 |VEHIFY|EESTBY' EEIEN | PLLST | PLLEN |EEBUSY{EEWEN‘

bit 7 = B7: This bit is forced to “0” after reset and
MUST not be modified by the user.

bit 6 = VERIFY: Set Verify mode. Verify (active
high) is used to activate the verify mode.

The verify mode provides a guarentee of good re-
tention of the programmed bit. When active, the
reading voltage on the cell gate is decreased from
1.2V to 0.0V, decreasing the current from the pro-
grammed cell by 20%. If the cell is well pro-
grammed (to “1”), a “1” will still be read, otherwise
a “0” will be read.

Note . The verify mode must not be used during an
erasing or a programming cycle).

bit 5 = EESTBY: EEPROM Stand-By. EESTBY =
“1” switches off all power consumption sources in-
side the EEPROM. Any attempt to access the
EEPROM when EESTBY = “1” will produce unpre-
dictable results.

Table 1-6. Register Map Addendum

Note. After EESTBY is reset, the user must wait 6
CPUCLK cycles (e.g. 1 nop instruction) before se-
lecting the EEPROM.

bit 4 = EEIEN: EEPROM Interrupt Enable. INTEN
“1” disables the external interrupt source INT4,
and enables the EEPROM to send its interrupt re-
quest to the central interrupt unit at the end of each
write procedure.

bit 3 = PLLST: Parallel Write Start. Setting PLLST
to “1” starts the parallel writing procedure. It can be
setonly if PLLEN is already set. PLLST is internally
reset at the end of the programming sequence.

bit 2 = PLLEN: Parallel write Enable. Setting
PLLEN to “1” enables the parallel writing mode
which allows the user to write up to 16 bytes at the
same time. PLLEN is internally reset at the end of
the programming sequence.

bit 1 = EEBUSY: BUSY. When this read only bit is
high, an EEPROM write operation is in progress
and any attempt to access the EEPROM is
aborted.

bit 0 = EEWEN: EEPROM Write Enable. Setting
this bit allows programming of the EEPROM, when
low a writing attempt has no effect.

1.3.3 REGISTER MAP

Please refer to the Register Map of the ST9030 for
all general registers with the exception of the regis-
ter shown in the following table.

EECR R241 (F1h) Page 0

Read/Write

Control Registers

Figure 1-5. EEPROM Parallel Programming Rows

A B C D E F ADDRESS
Q 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ROW 31 1FOh — 1FFh
ROW 30 1EOh — 1EFh
I I I 1 I I ] I | 1 I | 1 1 1 ] 1
1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
] 1 1 ] I 1 1 | ] 1 | I ] 1 1 ] 1
1 1 1 1 ] 1 1 } 1 1 1 1 1 1 1 1 1
1 1 1 1 ] 1 1 1 1 1 } 1 1 1 1 1 1
1 ] 1 1 1 1 i } 1 1 1 1 1 1 } 1 1
I ] 1 1 1 ] 1 1 1 1 1 ] ] } 1 1
] 1 } 1 ]
ROW 2 20h— 2Fh
ROW 1 10h — 1Fh
ROW O 00h — OFh
VR001356
Ly SGS-THOMSON 1/57
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NOTES :
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2 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Voo Supply Voltage -0.3t07.0 \
AVpp, AVss Analog Supply Voltage Vss = AVss < AVpp < Vpp \Y
Vi Input Voltage —0.3to Vpp +0.3 v
Vo Output Voltage —0.3to Vpp +0.3 Vv
Tsta Storage Temperature —55to0 + 150 °C
ling Pin Injection Current  Digital Input -5to+5 mA
ling Pin Injection Current Analog Input -5to+5 mA
Maximum Accumulated Pin injection Current in the device -50 to +50 mA

Note: Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device. This I1s a stress rating only and
functional operation of the device at these conditions 1s not implied. Exposure to maximum rating conditions for extended periods may affect
device reliabllity. All voltages are referenced to VSS

RECOMMENDED OPERATING CONDITIONS

—~

[’7 SGS-THOMSON

'« MICROELECTRONICS

Value .

Symbol Parameter Unit
Min. Max.

Ta Operating Temperature -40 85 °C

Vob Operating Supply Voltage 4.5 55 \'
fosce External Oscillator Frequency 24 MHz
fosci Internal Clock Frequency (INTCLK) 12 MHz

13/57
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DC ELECTRICAL CHARACTERISTICS
Vpp = 5V + 10% Ta = —40 °C to + 85°C, unless otherwise specified)

Val
Symbol Parameter Test Conditions Fue Unit
Min. Typ. Max.
Vinck Clock Input High Level External Clock 0.7 Voo Vop+ 0.3 \'
ViLek Clock Input Low Level External Clock -0.3 0.3 Vop v
TTL 2.0 Vi 0.3 \
Ve | InputHigh Level ciha
CMOS 0.7 Vop Vop + 0.3 \")
TTL -0.3 0.8 \"
ViL Input Low Level
CMOS -03 0.3 Voo Vv
ViHrs RESET Input High Level 0.7 Vop Vop + 0.3 \Y
ViLRs RESET Input Low Level -0.3 0.3 Voo \
VHYRS RESET Input Hysteresis 0.3 1.5 \%
Von Output High Level Push Pull, lload =—0.8mA| Vpp—0.8 Vv
Push Pull or Open Drain,
VoL Output Low Level lload = 1.6mA 0.4 \
Weak Pull-up Current Bidirectional Weak Pull- _ _
lwpu up, VoL = OV 50 200 420 pA
Active Pull-up Current, _ _ _
lapu for INTO and INT? only Vin < 0.8V, under Reset 80 200 420 LA
- Input/Tri-State,
ILkio 1/0 Pin input Leakage OV < Vin < Voo -10 +10 pA
lins | ResetPin Input Leakage | OV < Vin < Vop -30 +30 pA
. Alternate Function,
ILkAD A/D Pin Input Leakage Open Drain, -3 +3 HA
0V < Vin< Vop
Active Pull-up Input
ILkap Leakage 0V<Vin<0.8V -10 +10 pA
ILkos OSCIN Pin Input Leakage | OV < Vin < Vbp -10 +10 nA

Note: All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave
external clock. No peripheral working.

DC TEST CONDITIONS

TTL INPUT
FORCING CONDITION

CMOS INPUT
FORCING CONDITION

"1” SOURCE CURRENT = —0.8mA
PUSH-PULL OUTPUT 3.0v
TEST CONDITION 0.8V -
0" SINK CURRENT = 1.6mA
"1” SOURCE CURRENT = 0
WEAK PULL-UP QUTPUT 3.0v><
TEST CONDITION 0.8V "0" SINK CURRENT = 1.6mA

VAQ0117

2.4V
0.8Vpo

14/57
SGS-
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AC ELECTRICAL CHARACTERISTICS
(Vop = 5V £ 10% Ta = — 40 °C to + 85°C, unless otherwise specified)

Value i
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Run Mode Current
Ibp no CPUCLK prescale, 24MHz, Note 1 50 mA
Clock divide by 2
Run Mode Current
Ipp2 Prescale by 2 24MHz, Note 1 30 mA
Clock divide by 2
WFI Mode Current
lwri no CPUCLK prescale, 24MHz, Note 1 20 mA
Clock divide by 2
IaLT HALT Mode Current 24MHz, Note 1 100 pA

Note 1: All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave
external clock. No peripheral working.

£7_1 SGS-THOMSON

« MICROELECTRONICS
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CLOCK TIMING TABLE
(Vop =5V +10%, Ta = —40°C to + 85°C, INTCLK = 12MHz, unless otherwise specified)
Value
N° Symbol Parameter Unit Note
Min. Max.
1 |[TpC OSCIN Clock Period 41.5 ns 1
83 ns 2
2 | TrC, TiC OSCIN Rise and Fall Time 12 ns
3 | TwCL, TwCH OSCIN Low and High Width 17 25 ns 1
38 ns 2
Notes:
1. Clock divided by 2 internally (MODER.DIV2=1)
2. Clock not divided by 2 internally (MODER.DIV2=0)
CLOCK TIMING
< L o
] I
! I
| I
: ]I VIH =0‘8VDD
¥ | |
OSCIN v | |
if 1 I I
| | |
| : : \ V"_ =O.2VDD
[ I : !
P Lo |
1 1 1 l 1
2 3 2 3 VA00116
16/57
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EXTERNAL BUS TIMING TABLE
(Vop = 5V + 10%, Ta =—40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, uniess otherwise specified)
Value (Note)
N° Symbol Parameter ivi ivi Unit
Y! OSCIN Divided | OSCIN Not Divided | |11
By 2 By 2
Address Set-up Time . _
1 | TsA (AS) boforo AS 1 TpC (2P+1)—22 TWCH+PTpC-18 | 20 ns
2 | ThAS (A) Address Hold Time after AS T TpC 17 TwCL-13 25 ns
3 | TdAS (DR) AS T to Data Available (read) TpC (4P+2W+4) -52 | TpC (2P+W+2) =51 115 ns
4 | TWAS AS Low Pulse Width TpC (2P+1) =7 TwCH+PTpC -3 35 ns
5 | TdAz (DS) Address Float to DS | t 12 12 12 ns
6 | TWDSR DS Low Pulse Width (read) TpG (4P+2W+3) 20 | TWCHTRC 105 ns
(2P+W+1) —16
7 | Twbsw DS Low Pulse Width (write) TpC (2P+2W+2) 13 | TpC (P+W+1)=13 | 70 ns
8 | TdDSR (DR) | DS | to Data Valid Delay (read) | TpC (4P+2W-3)~50 I:’: H+TpC(2P+W+1 75 | ns
9 [ ThDR (DS) Data to DS T Hold Time (read) 0 0 0 ns
10 | TdDS (A) DS T to Address Active Delay TpC -7 TwCL -3 35 ns
11 | TdDS (AS) DS Tto AS | Delay TpC-18 TwCL-14 24 ns
12 | TsR/W (AS) | RAW Set-up Time before AST | TpC (2P+1) —22 TWCH+PTpC —18 20 ns
DS 7 to R/W and Address Not
13 | TADSR (RW) |y Delay TpC -9 TwCL -5 33 ns
14 | TdDW (DSW) m‘t‘z)')ata ValidtoDS L Delay | 56 op, 1) 2 TWCH+PTpG—-28 | 10 ns
15 | ThDS (DW) | Data Hold Time after DS T (write)| TpC -9 TWCL-5 33 ns
Address Valid to Data Valid TwCH+TpC
16 | TdA (DR) Delay (read) TpC (6P+2W+5) —68 (3P+W+2) 64 140 | ns
17 | TdAs (DS) AS Tto DS | Delay TpC—-18 TwCL —14 24 ns
EXTERNAL WAIT TIMING TABLE
(Vbp = 5V * 10%, Ta=—40°C to +85°C, Cload = 50pF,
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)
Value (Note)
Ne Symbol Parameter i i Unit
Yy OSCIN Divided | OSCIN Not Divided |, |1 |
By 2 By 2
TdAs (WAIT) [ASTto WAIT ! Delay 2(P+1)TpC —29 2(P+1)TpC —29 40 | ns
2 | TdAs (WAIT) |ASTto WAIT | Min. Delay 2(P+W+1)TpC —4 2(P+W+1)TpC —4 80 ns
3 |TdAs(WAT) |ASTtoWAITLMax.Delay | 2(P+W+1)TpC—29 | 2(P+Wi1)TpC -29 Po s

Note: (for both tables) The value in the left hand two columns show the formula used to calculate the timing minimum or maximum from the
oscillator clock period, prescale value and number of wait cycles inserted.

The value in the nght hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value
of zero and zero wait status.

Legend: TpC =0OSCIN Period
P = Clock Prescaling Value TwCH =High Level OSCIN half period
W = Wait Cycles TwCL =Low Level OSCIN half period
Ly SGS-THOMSON 17157
Y/, NcrozizcrRonES
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S§T9040

EXTERNAL BUS TIMING
| T | T2 T3 |
CPUCLK | | | | | | |
R/W X X
12, 13
o ~ ™
PORT . ‘
P /b X A15-A8 Xi
- 6 7 '
e 3 l I !
[' 1
s X - ) (o i—
11 :I 2 | | 19 1
| 1} 1 [ 1 . {
_— I
AS i R [ . : ! B ‘E\}_
L4 | {i 6 1 l}‘ ! |
— : i il !
DS | \ T ]
(READ) R £ 10 |
. | e
I I
PORTO ) - ' '
(WRITE) X A7-A0 X:‘_ D7-DO0 OUT | j:X[
I 14 |:< 15 1
_ | y !
(WRITE)
I | VAQ0447
EXTERNAL WAIT TIMING
l mo o 12 | Tww | 13 |
CPUCLK 1 1 |*’_| 1 [
— |
s T
! 3 [
L 1
bs | \READ\ WRITE | /
| ]
| I
F—?—»: ’,’!
WAIT I S /I §
1
I
l l | |
VADO115
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ST9040

HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz,
Push-pull output configuration, unless otherwise specified)

Value (Note)
N° | Symbol Parameter OSCIN Divided OSCIN Not Divided [ Min. | Max. | Unit
By 2 By 2
Min. Max. Min. Max.
RDRDY, WRRDY Pulse 2TnG TpC
1 | TwRDY Width in One Line (P+W+p1)—1 8 (P+W+1) — 65 ns
Handshake 18
2 |Twst | RDSTBWRSTBPUSe | orog,qp TpC+12 95 ns
Width
TdST RDSTB, or WRSTB T (TpC-TwCL)
3 | (RoOY) to RDRDY or WRRDY | TpC+45 +45 87 | ns
4 | TsPD Port Datato RORDY T | (2P+2W-+1) T(WE';;’ . ns
(RDY) Set-up Time TpC -25 TpC 25
TsPD Port Data to WRRDY 1
5 (RDY) Set-up Time in One Line 43 43 43 ns
Handshake
Port Data to WRRDY 1
ThPD Hold
6 | (RDY) Time in One Line 0 0 0 ns
Handshake
TsPD Port Data to WRSTB T
7 |(sTB) Set-up Time 10 10 10 ns
ThPD Port Data to WRSTB T
8 |(sTp) Hold Time 25 25 25 ns
RDSTBD T to Port Data
9 Z;’S)T B Delay Time in 35 35 35 | ns
Bidirectional Handshake
RDSTB T to Port High-Z
10 '(I'F():lFSl"ZI’)B Delay Time in 25 25 25 | ns
Bidirectional Handshake

Note: The value in the left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock
period, prescale value and number of wait cycles inserted.

The value in the right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value
of zero and zero wait status.

Legend:
P
w

Clock Prescaling Value (R235 4,3,2)
Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles

Ly, S6S-THOMSON 19/57
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ST9040

HANDSHAKE TIMING
\ 1 ,
=
| : :
READY N__J—
L i3 .
— I 1 L L
STROBE ' i | |
1 [ 141
| 1 : 1 p—
| 1 I | !
OUTPUT >€
HANDSHAKE 1 ,
I H 15 :I 6 _|
ONE LINE ' =
HANDSHAKE , - , !
I
! .l 7118 |
TWO LINES ! .
HANDSHAKE - — f
1 I e |
|
BIDIRECTIONAL )”. N
HANDSHAKE e ¥
VAD0113
20/57 L¥j SGS-THOMSON
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ST9040

BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF,
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)

Value (Note)
N Symbol Parameter OSCIN Divided OSCIN Not Divided |, . Unit
Min. |Max.
By 2 By 2
___ _ TpC+8 TwCL+12 50 ns
1 |TdBR (BACK) |BREQ to BUSACKL
TPC(6P+2W+7)+65 |TpC(3P+W+3)+TWCL+65 360 | ns
2 |TdBR(BACK) |BREQTto BUSACKT 3TpC+60 TpC+TWCL+60 185 | ns
3 | TdBACK (BREL) g:g:sgm . 20 20 20 | ns
4 | TdBACK (BACT) ?\t{fgcm to Bus 20 20 20 | ns

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,

prescale value and number of wait cycles inserted.

The value right hand two columns show the timing minimum and maximum for an external clock at 24MHz divided by 2, prescale value of zero

and zero wait status.

BUS REQUEST/ACKNOWLEDGE TIMING

| | | [ T | T2 | |
INTCLK __ | | [ | [ | | | [ [ [ I
cructk [T\ [~ \ [
BUSREQ§<§§§&. ///////41/
| :
|
BUSACK ! l ! f
o1 4 l 2 1,3
! [ I Y
MEMINT },, {
| | | | | |
VAQO114
Note : MEMINT = Group of memory interface signals: A_S, E, RM. P00-P0O7, P10-P17
: 21/57
ky7, 355 THOMSON

247



ST9040

EXTERNAL INTERRUPT TIMING TABLE (Vop = 5V +10%, Ta =—40°C to +85°C, Cload = 50pF,
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)

Value (Note)
N° | Symbol Parameter OSCIN | OSCIN Not Unit
Divided By | Divided By |Min. |Max.
2 Min. 2 Min.
1 | TwLR | Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 | TpC+12 95 ns
2 | TwHR | High Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 | TpC+12 95 ns
3 [ TwHF [ High Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 95 ns
4 | TWLF | Low Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 | TpC+12 95 ns

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero
and zero wait status.

EXTERNAL INTERRUPT TIMING

RISING EDGE DETECTION

FALLING EDGE DETECTION

3

|
) 1 !
1 1 |

| 1 Il 2 | 1
I [l 1 ™
n=0-7

|
I

|

i 4

I

'NT”mm

VA00112

22/57
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$T9040

SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz,
Output Alternate Function set as Push-pull)

Value
N° Symbol Parameter Unit
Min. Max.
1 TsDI Input Data Set-up Time 100 ns
2 ThDI (1) Input Data Hold Time 1/2 TpC+100 ns
3 Tdov SCK to Output Data Valid 100 ns
4 ThDO Output Data Hold Time -20 ns
5 TwSKL SCK Low Pulse Width 300 ns
6 TwSKH SCK High Pulse Width 300 ns
Note: TpC is the OSCIN Clock period.
SPI TIMING
< 6 j
I |
, | |
5 | J |
SCK N\ i \
|
| )
B | |
4
1 : |I | 1
| ! |
I
SDO X : ]
1 N 1
1 2 |
r< | >
1 [
SDI X ﬁ}(
! ! VA00109
Ly, SGS-THOMSON 23057
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ST9040

WATCHDOG TIMING TABLE(Vpp = 5V + 10%, Ta = —40 °C to +85°C, Cload = 50pF,

CPUCLK = 12MHz, Push-pull output configuration, unless otherwise specified )

Values
N° Symbol Parameter Unit
Min. Max.
1 | TwWDOL WDOUT Low Pulse Width 620 ns
2 | TwWWDOH WDOUT High Pulse Width 620 ns
3 [TwWDIL WDIN High Pulse Width 350 ns
4 | TwWDIH WDIN Low Pulse Width 350 ns

WATCHDOG TIMING

WDOUT

WDIN

-

vy

VAQ0110

24/57
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$§T9040

A/D CONVERTER
EXTERNAL TRIGGER TIMING (Voo = 5V *+ 10%, Ta = —40°C to +85°C, Cload = 50pF)
Oscin divided Oscin not @
g Value
N° | Symbol Parameter by2® divided Unit
Min. Max. Min. Max. Min. Max.
1 TLow External Trigger pulse width | 2xTpc Trc 83 ns
2 ThiGH External Trigger pulse 2xTpc Trc 83 ns
External trigger active
3 | Texr edges distance 138xTec 69xTpc 5.75 us
Internal delay between
4 | Tsmr EXTRG falling edge and first | Tpc 3xTpc |0.5xTPC| 1.5xTpc | 41.5 125 ns
conversion start
Notes:
1. Variable clock (TPC=0SCIN clock period)
2. INTCLK=12MHz
A/D External Trigger Timing
ADTRG N \\_/—
1 2
1
3
ST (stort conversion bit) 4
) ——
4 4
VR001401
Lyy SGS-THOMSON 25157
Y/, facrozLzcrRoncs
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$§T9040

A/D INTERNAL TRIGGER TIMING TABLE

OSCIN OSCIN Value (3)
N° | Symbol Parameter Divided by 2 (2) Not Divided by 2 (2) Unit
Min. Max. Min. Max. Min. Max.

Internal trigger N

1 | TWHigH pulse width Tpc 5xTpc 415 ns
Internal trigger B

2 [ Twiow pulse distance 6x Tpc 3xTpc 250 ns
Internal trigger

3 | Twexr | active edges 276n x Tpc 138n x Tpc nx11.5 - us
distance (1)
Internal delay
between INTRG

4 | Twstr | rising edge and Tpc 3xTpe 5xTpc 1.5x Tpc 415 125 ns
first conversion
start

A/D INTERNAL TRIGGER TIMING

INTRG 7 %

| I
| I
L2 1 |
" N
| |
! 3 |
| i
| I
I I
. oy b '/ |
ST (stort conversion bit) ! ¥ 7 ﬁ
T i 7 i
| I o
I | 1o
I 4 I 141
— !

VROA1401

26/57
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S§T9040

A/D CHANNEL ENABLE TIMING TABLE

OSCIN OSCIN Value (3)
N° | Symbol Parameter Divided by 2 (2) Not Divided by 2 (2) Unit
Min. Max. Min. Max. Min. Max.
1| Twext 8I)En Pulse widih | 576 Tpe 138n x Tpe nx11.5 - us
Notes:

1. n = number of autoscanned channels (1<n<8)
2. Variable clock (Tpc = OSCIN clock period)
3. CPUCLK = 12MHz

A/D CHANNEL ENABLE TIMING

/
\ / (Periph.clock)

INTCLK 7
/|
CEn N
T
1
CEn+1 y,

VR001402

"_I SGS-THOMSON
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ST9040

A/D ANALOG SPECIFICATIONS

Parameter Typical (1) Minimum Maximum Units (2) Notes
Analog Input Range Avce v
Avce 3 Vee
Conversion time 11.5 us (3,4)
Sample time 3 us 3)
Power-up time 60 us
Resolution 8 8 Brto
Monotonicity GUARANTEED
No missing codes GUARANTEED
Zero input reading 00 Hex
Full scale reading FF Hex
Offset error 5 1 LSBs (2,6)
Gain error 5 1 LSBs (6)
Diff. Non Linearity +3 +2 +5 LSBs (6)
Int. Non Linearity 1 LSBs (6)
Absolute Accuracy 1 LSBs (6)
SIN 45 49 dB
Avcc/Avss Resistance 13.5 16 11 KQ
Input Resistance 12 8 15 KQ (5)
Hold Capacitance 30 pF
Input Leakage +3 pA
Notes:

1.

[

The values are expected at 25 degree Centigrade with AYCC = 5V

“LSBs", as used here, has a value of AVCC/256

@ 12MHz internal clock

Including sample time

It must be intended as the internal senies resistance before the sampling capacitor

This is a typical expected value, but not a tested production parameter.

If V(1) is the value of the i-th transition level (0 <1< 254), the performance of the A/D converter has been valued as follows:
OFFSET ERROR = deviation between the actual V(0) and the ideal V(0) (=1/2 LSB)

GAIN ERROR = deviation between the actual V(254) and the ideal V(254) (=AVCC-3/2 LSB)

DNL ERROR = max {[V(i) - V(i-1)JLSB - 1}
INL ERROR = max {[V(i) - V(0)JLSB - i}

28/57
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$T9040

MULTIFUNCTION TIMER UNIT EXTERNAL TIMING TABLE

OSCIN | OSCIN Value (4)
Divided Not
N° | Symbol Parameter by 2 Divided Unit | Note
by 2 Min. Max.
3) ®)
1 Twerw | External clock/trigger pulse width 2nxTpc| nxTpc | nx83 - ns 1
2 Twerp | External clock/trigger pulse distance 2nxTpc| nxTpc | nx83 - ns 1
3 Twaep | Distance between two active edges 6xTpc | 3xTpc 249 - ns
4 Twew | Gate pulse width 12xTpc | 6x Tpc 498 - ns
Distance between TINB pulse edge and
5 Twien | e following TINA pulse edge 2xTpe | Tpe 83 B ns 2
Distance between TINA pulse edge and }
6 | ™we | ihe following TINB pulse edge 0 0 ns | 2
7 Twap Distance between two TxINA pulses 0 0 - ns 2
8 Twowp | Minimum output pulse width/distance 6xTpc | 3xTpc 249 - ns
Notes: 2.In Autodiscrimination mode
1. n =1 the input is rising OR falling edge sensitive 3.Variable clock ( Tpc = OSCIN period )
n =3 if the input 1s rising AND falling edge sensitive 4.INTCLK = 12 MHz
MULTIFUNCTION TIMER UNIT EXTERNAL TIMING
1 2
wa o/ N /] N
TINB 3
3
GATE \ ./
- . 1
TINA / ~—
fe— 5 —efe—6 s 7 6 5—=te—6
TINB / \ /
1 8
(n=3)
TOUTO / N V__\—
TOUT! 8
VR001403
[y7 SGS-THOMSON 29/57
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ST9040

SCI TIMING TABLE
(Vop = 5V £ 10%, Ta = - 40°C to +85°C, Cload = 50pF, INTCLK = 12MHz,
Output Alternate Function set as Push-pull)

Value
N° | Symbol Parameter Condition Unit
Min. Max.
1 x mode Fcx/8 Hz
Frxckin | Frequency of RXCKIN
16 x mode Fck/4 Hz
1 x mode 4 Tek s
TWRXCKIN| - By CKIN shortest pulse
16 x mode 2 Tek s
1 x mode Fck/8 Hz
Frickin | Frequency of TXCKIN
16 x mode Fex/4 Hz
1 x mode 4 Tek s
TWTCKIN| 14 GKIN shortest pulse
16 x mode 2 Tek s
DS (Data Stable) before rising . .
1 | Tsps edge of RXCKIN 1 x mode reception with RXCKIN | Tpc/2 ns
) 1 x mode transmission with
2 | Tdos TxCKIN to Data out delay Time external clock G load <100pF 2.5Tprc ns
. 1 x mode transmission with
3 | Tdp2 CLKOUT to Data out delay Time CLKOUT 350 ns

Note: FCK = 1/TCK

SCI TIMING

FIG 1: RECEPTION WITH EXTERNAL CLOCK 1X MODE

FIG 2: TRANSMISSION WITH EXTERNAL CLOCK 1X MODE

RXCKIN —I — TXCKIN r
DATA IN DATA OUT
1 2

FIG 3: TRANSMISSION WITH CLKOUT 1X MODE

CLKOUT l_

DATA OUT

3
VR001437
30/57 [Ny SGS-THOMSON
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ST9040

PACKAGE MECHANICAL DATA
80-Pin Plastic Quad Flat Package

NE

r Nomber of Pns > |
NARE ]

1 =
ﬂ:. =
37 =
i
::l ]
& i
- 1
ND}° 1 D301 O
B3 1
E 1
] 1
z 1
]
!
= el
=l = N
i il
€3
€1
E

VROA1500

Dim. mm inches

Min | Typ | Max | Min | Typ | Max
A 340 0134
A2 | 2.55| 2.80 | 3.05 |0.100{0110(0.120
D [22.95]|23.20|24.45]0.903(0.913]| 0.923
D1 |19.90|20.00|20.10| 0.783| 0787] 0 791
D3 1840 0724
E |16.95/17.20(17.45(0.667 | 0.677| 0.687
E1 |13.90{14.00|1410] 0547| 0551| 0.555
E3 12 00 0472
e 0.80 0032

Number of Pins

N 80
ND 24
NE 16

Short Footprint Measurement

Short Footprint recommended Padding

SHORT FOOT PRINT |

I
= |
| |
‘ ! n \

| 11 i

I
| |
|
| |
| |
i |
| |
I I
1 I
| |
1 ! ||

— : ) L |
L | | === 0"-7
! 1
i
! PAD AREA ON PCB
1
VR017248 FOR EACH LEAD
VR01724C
L§7 SGS-THOMSON 31/57
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S§T9040

68-Pin Plastic Leadless Chip Carrier

Dim. mm inches
Min | Typ | Max [ Min | Typ | Max
N A |420 5.08 |0.165 0.200
= Nomber of Prs b Al | 051 0.020
Pin 1 A3 [229 3.30 [0090 0.130
esTsemmsoz == :F B | - 1 -
. *ﬁ—ﬁ CI P Bt | - B -
£ i : D [2502 25.27]0.985 0.995
b | i = D1 [24.13 24.330.950 0958
LI 1103 D1 = D3 0% 0800
l§ et E [2502 2527(0985 0.995
= nol E1 |2413 24330950 0958
X = E3 2032 0.800
FoToTuz=== T u K1 - -
F—es— Al h
& A3 e 1.27 0050
E A Number of Pins
= N 68
VR001534 ND 16
NE 16
56-Pin Plastic Shrink Dual-In-line Package, 600 Mil Width
Dim. mm inches
E1 Min | Typ | Max | Min | Typ | Max
A 5.08 0.200
A \'_/ Al | 051 0.020
4' c B |035 059 |0.014 0.023
Al L Bl | 075 1.42 |0.030 0.056
je1 C | 020 036 |0.008 0014
D1 D 5212 2.052
pt|-|-|-1-]-]-
N E 18.54 0.730
{ B E1 1372 0540
K1 :/ ’/ K1 - - - - - -
=] N I R
v L |254 381 | 100 0150
_,/ / el 1.78 0070
! N/2 VR001725 Number of Pins
N 56
ORDERING INFORMATION
Sales Type Frequency Temperature Range Package
ST9040Q1/XX PQFP80
ST9040C1/XX 0°C to + 70°C PLCCE8
ST9040B1/XX 24MHz PSDIP56
ST9040C6/XX PLCC68
-40°C to + 85°C
ST9040B6/XX PSDIP56

Note: “XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file.

32/57
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ST9040

ST9040 STANDARD OPTION LIST

Please copy this page (enlarge if possible) and complete ALL sections.
Send the form, with the ROM code image required, to your local SGS-THOMSON sales office.

Customer Company : ... ........ ... |

Company Address : ... ... |
[ ]

Telephone : [ ]

FAX: [ ]

Contact : Lo ] Telephone (Direct) : [........................]

Please confirm characteristics of device :

Device S§T9040
Package [ 1 PQFP80 [ ] PLCC68 [ ] PSDIP56
Temperature Range [ ] -40°C to +85°C [ ] 0°Cto+70°C
Special Marking [ 1No
[ 1Yes ldcharacters [ [ [ [ [ LI LT TTT1]

Authorized characters are letters, digits, ".", -, '/ and spaces only.
Please consult your local SGS-THOMSON sales office for other marking details if required.
Notes :

ROMless Option (Consult text)

[ 1No

[ ] VYes PortBit [ ]1P71 [ ]P20
Code : [ ] EPROM (27128, 27256)

[ ] HEX format files on IBM-PC® compatible disk

filename: [....................]

Confirmation : [ ] Code checked with EPROM device in application
Yearly Quantity forecast:  [.........................] ] kunits
- for a period of : Lo ] years
Preferred Production startdates :[......................] (YY/MM/DD)

Customer Signature :
Date :

R 33/57
J ST AL
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NOTES :

34/57 . 0l
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ST90E40
ST90T40

16K EPROM HCMOS MCU

WITH EEPROM, RAM AND A/D CONVERTER

= Register oriented 8/16 bit CORE with
RUN, WFI and HALT modes

= Minimum instruction cycle time: 500ns
(12MHz internal)

Internal Memory :

EPROM 16Kbytes
RAM 256 bytes
EEPROM 512 bytes

224 general purpose registers available as
RAM, accumulators or index pointers
(Register File)

» 80-pin Plastic Quad Flat Pack package for
ST90T40Q

68-lead Plastic Leaded Chip Carrier package for
ST90T40C

56-pin shrink DIP package for STS0T40B

80-pin Windowed Ceramic Quad Flat Pack pack-
age for STO0E40G

68-lead Windowed Ceramic Leaded Chip Carrier
package for STO0E40L

= 56-pin Shrink Windowed Ceramic package for
ST90E40D

= DMA controller, Interrupt handler and Serial Pe-
ripheral Interface as standard features

= 56 fully programmable 1/O pins
» Up to 8 external plus 1 non-maskable interrupts

» 16 bit Timer with 8 bit Prescaler, able to be used
as a Watchdog Timer

Two 16 bit Multifunction Timers, each with an 8
bit prescaler and 13 operating modes

= 8 channel 8 bit Analog to Digital Converter, with
Analog Watchdogs and external references

Serial Communications Interface with asynchro-
nous and synchronous capability

= Rich Instruction Set and 14 Addressing modes
= Division-by-Zero trap generation

= Versatile Development tools, including assembler,
linker, C-compiler, archiver, graphic oriented de-
bugger and hardware emulators

= Real Time Operating System

» Compatible with ST9036 and ST9040 16K ROM
devices

March 1994

PP
W
;‘\ﬁ\:\ N

2SNy

CQFP8OW

%‘}
A
cLCCE8W

CSDIP56W

(Ordering Information at the end of the Datasheet)

35/57
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ST90E40 - ST90T40

Figure 1. 80 Pin QFP Package

80 65
00T 1100
1 [ ] — 64
2 /
> B
| |
| I
I 1
| |
| |
| |
oo —
[ — —
24 — 41
U0 __1dm
25 40
VROA1649
Table 1. ST90E40G-ST90T40Q Pin Description
Pin [ Name Pin | Name Pin | Name Pin | Name
1 AVss 25 | P34/T1INA 64 | P20/NMI 80 |AVop
2 | AVss 26 | P33/TOOUTB 63 |NC 79 |NC
3 [NC 27 | P32/TOINB 62 |Vss 78 | P47/AIN7
4 | P44/AIN4 28 | P31/TOOUTA 61 |P70/SIN 77 | P46/AING
5 |P57 29 | P30/P/D/TOINA 60 |P71/SOUT 76 | P45/AIN5
6 P56 30 P17/A15 P72/INT4/TXCLK 75 P43/AIN3
59
7 P55 31 | P16/A14 /CLKOUT 74 | P42/AIN2
8 P54 32 NC 58 P73/INT5 73 P41/AIN1
9 |[INT7 33 |P15/A13 /RXCLK/ADTRG 72 | P40/AINO
10 | INTO 34 | P14/A12 57 | P74/P/D/INT6 71 | P27/RRDY5
11 | P53 35 | P13/A11 56 | P75/WAIT 70 |P26INT3
12 |NC 36 |P12/A10 55 | P76WDOUT /RDSTB5/P/D
13 | P52 37 | P11/A9 /BUSREQ 69 | P25/WRRDY5
14 | P51 38 |P10/A8 54 |P77WDIN 6g | PR4/INTI
15 | P50 39 | P00/A0/DO /BUSACK /WRSTB5
16 | OSCOUT 40 | PO1/A1/D1 53 |RW 67 |P23/SDO
17 | Vss 52 |[NC 66 | P22/INT2/SCK
18 |Vss 51 |DS 65 | P21/SDI/P/D
19 |NC 50 |[AS
20 |OSCIN 49 |NC
21 | RESET/Vep 48 | Vop
22 | P37/T1OUTB 47 | Vop
23 | P36/T1INB 46 | PO7/A7/D7
24 | P35/T1IOUTA 45 | PO6/A6/D6
44 | PO5/A5/D5
43 | P04/A4/D4
42 | PO3/A3/D3
41 | P02/A2/D2
36/57 L5y SGS-THOMSON
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ST90E40 - ST90T40

Figure 2. 68 Pin LCC Package
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Table 2. ST90E40L-ST90T40C
Pin Name Pin Name Pin Name Pin Name
61 | P44/AIN4 10 | P35/T10UTA 43 | P70/SIN 60 |AVss
62 | P57 11 | P34/T1INA 42 | P71/SOUT 59 | AVop
63 P56 12 P33/TOOUTB a1 P72/CLKOUT 58 P47/AIN7
64 | P55 13 | P32/TOINB /TXCLK/INT4 57 | P46/AING
65 P54 14 P31/TOOUTA 40 P73/ADTRG 56 P45/AINS
66 |INT7 15 | P30/P/D/TOINA /RXCLK/INTS 55 | P43/AIN3
67 |INTO 16 | P17/A15 39 | P74/P/D/INT6 54 | P42/AIN2
68 | P53 17 | P16/A14 38 | P75/WAIT 53 | P41/AIN1
®1 |P52 18 | P15/A13 a7 | P76MWDOUT 52 | P40/AINO
2 P51 19 [ P14/A12 /BUSREQ 51 | P27/RRDY5
3 P50 20 | P13/A11 a6 |PZ7WODIN 50 |P2BINT3
4 | OScouT 21 | P12/A10 /BUSACK /RDSTBS/P/D
5 |Vss 22 |P11/A9 35 |RW 49 | P25/WRRDY5
6 |OSCIN 23 | P10/A8 34 |DS 45 | PR4/INTA
7 | RESET/Vpp 24 | PO0O/AO/DO 33 |AS /WRSTB5S
8 P37/T10UTB 25 | PO1/A1/D1 32 | Vop 47 | P23/SDO
9 P36/T1INB 26 | P0O2/A2/D2 31 | PO7/A7/D7 46 | P22/INT2/SCK
30 | P06/A6/D6 45 | P21/SDI/P/D
29 | PO5/A5/D5 44 | P20/NMI
28 | P04/A4/D4
27 | PO3/A3/D3
Ly7 SGS-THOMSON 3757
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ST90E40 - ST90T40

Figure 1b. 56 Pin Shrink DIP Pinout
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Table 3. STO0E40D-ST90T40B Pin Description
Pin Pin name Pin Pin name
1 | Pa2/AIN2 56 | P41/AINT
2 | P43/AIN3 55 | P40/AINO
3 | P45/AINS 54 | P23/SDO
4 | P46/AING 53 | P22/INT2/SCK
5 | P47/AIN7 52 | P21/SDI/P/D
6 |AVDD 51 | P20/NMI
7 |Avss 50 | P70/SIN
8 | P44/AIN4 49 | P71/S0UT
9 |ps7 48 | P72/CLKOUT
10 | P56 TXCLK/INT4
11 P55 47 P73/ADTRG
> Poa RXCLK/INTS
13 1Pes o P MDIN/BBngi
14 | P52 Zi Rj%
15 |0SCOUT 5 Tos
16 |Vss 42 S
17 |0scIN
18 | RESET 41 {Voo
19 | P37/T10UTB 40 |Vss
20 P36 TING 39 |P07/A7/D7
2 Tne 38 | POG/AG/D6
22 | P35/T10UTA 37| POS/AS/DS
25 TP3a/TIiNA 36 | PO4/A4/D4
24 | P33/TOOUTB 35 |PO3/A3/D3
25 P32/ TOING 34 | P02/A2/D2
26 | P31/TOOUTA 33 | PO1/A1/DS
27 | P30/P/D/TOINA 32| POO/AO/DO
28 | P13/A11 31 _[P10/A8
30 |P11/A9
29 |P12/A10
38/57 L5y SGS-THOMSON
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ST90E40 - ST90T40

1.1 GENERAL DESCRIPTION

The ST90E40 and ST90T40 (following mentioned
as ST90E40) are EPROM members of the ST9 fam-
ily of microcontrollers, in windowed ceramic (E) and
plastic OTP (T) packages respectively, completely
developed and produced by SGS-THOMSON Mi-
croelectronics using a n-well proprietary HCMOS
process.

The EPROM parts are fully compatible with their
ROM versions and this datasheet will thus provide
only information specific to the EPROM based de-
vices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST9040 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

The EPROM ST90E40 may be used for the proto-
typing and pre-production phases of development,
and can be configured as: a standalone microcon-
troller with 16K bytes of on-chip EPROM, a micro-
controller able to manage external memory, oras a
parallel processing element in a system with other
processors and peripheral controllers.

Figure 3. ST90E40 Block Diagram

The nucleus of the STS0E40 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8
bit Prescaler a Serial Peripheral Interface support-
ing S-bus, [°C-bus and IM-bus Interface, plustwo 8
bit I/O ports. The Core has independent memory
and register buses allowing a high degree of pipe-
lining to add to the efficiency of the code execution
speed of the extensive instruction set.

The powerful I/0 capabilities demanded by micro-
controller applications are fulfilled by the ST90E40
with up to 56 1/O lines dedicated to digital In-
put/Output. These lines are grouped into up to
seven 8 bit /0 Ports and can be configured on a bit
basis under software control to provide timing,
status signals, an address/data bus for interfacing
external memory, timer inputs and outputs, analog
inputs, external interrupts and serial or parallel I/O
with or without handshake.

INTO  INT7
16k Bytes 512 Bytes 256 Bytes 256 Bytes 16-Bit TIMER / WATCHDOG + SPI ScClI 1/0 PORT 7
EPROM EEPROM RAM REGISTER FILE CPU WITH DMA (scr)
MEMORY BUS ] H ﬂ
FaS
[ REGISTER BUS |
1/0 PORT 0 1/0 PORT 1 1/0 PORT 2 1/0 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 - A/D 1/0 PORT 5
( Address/Data ) ( Address ) ( SPI) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
AVo,  AVgy
VROA1385
N7 SGS-THOMSON 39557
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ST90E40 - ST90T40

GENERAL DESCRIPTION (Continued)

Three basic memory spaces are available to sup-
port this wide range of configurations: Program
Memory (internal and external), Data Memory (ex-
ternal) and the Register File, which includes the
control and status registers of the on-chip peripher-
als.

Two 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple
use for complex waveform generation and meas-
urement, PWM functions and many other sys-
temmsiming functions by the usage of the two
associated DMA channels for each timer.

1.2 PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the begin-
ning of each memory cycle. The rising edge of AS
indicates that address, Read/Write (R/W), and
Data Memory signals are valid for program or data
memory transfers. Under program control, AS can
be placed in a high-impedance state along with
Port 0 and Port 1, Data Strobe (DS) and R/W.

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a write
cycle, data out is valid at the leading edge of DS.
During a read cycle, Data In must be valid prior to the
trailing edge of DS. When the ST9040 accesses on-
chip memory, DS is held high during the whole mem-
ory cycle. It can be placed in a high impedance state
along with Port 0, Port 1, ASand R/W.

R/W. Read/Write (output, 3-state). Read/Write de-
termines the direction of data transfer for external
memory transactions. R/W is low when writing to ex-
ternal program or data memory, and high for all other
transactions. It can be placed in a high impedance
state along with Port 0, Port 1, AS and DS.

RESET/Vpp. Reset (input, active low) or Vep (in-
put). The ST9 is initialised by the Reset signal.
With the deactivation of RESET, program execu-
tion begins from the Program memory location
pointed to by the vector contained in program
memory locations 00h and O1h. In the EPROM
programming Mode, this pin acts as the program-
ming voltage input VPP.

iNTO, INT7. External interrupts (input, active on ris-
ing or falling edge). External interrupt inputs 0 and
7 respectively. INTO channel may also be used for
the timer watchdog interrupt.

40/57

‘7_’ SGS-THOMSON

In addition there is an 8 channel Analog to Digital
Converter with integral sample and hold, fast 11us
conversion time and 8 bit resolution. An Analog
Watchdog feature is included for two input chan-
nels.

Completing the device is a full duplex Serial Com-
munications Interface with an integral 110 to
375,000 baud rate generator, asynchronous and
1.5Mbyte/s synchronous capability (fully program-
mable format) and associated address/wake-up
option, plus two DMA channels.

OSCIN, OSCOUT. Oscillator (input and output).
These pins connect a parallel-resonant crystal
(24MHz maximum), or an external source to the
on-chip clock oscillator and buffer. OSCIN is the in-
put of the oscillator inverter and internal clock gen-
erator; OSCOUT is the output of the oscillator
inverter.

AVpp. Analog Voo of the Analog to Digital Con-
verter.

AVss, Analog Vss of the Analog to Digital Con-
verter. Must be tied to Vss.

Vpp. Main Power Supply Voltage (5V * 10%)
Vss. Digital Circuit Ground.

P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-
P4.7, P5.0-P5.7, P7.0-P7.7 l/O Port Lines (In-
put/Output, TTL or CMOS compatible). 56 lines
grouped into I/O ports of 8 bits, bit programmable
under program control as general purpose I/O or
as alternate functions.

1.2.1 /O PORT ALTERNATE FUNCTIONS

Each pin of the /O ports of the ST90E40/T30 may
assume software programmable Alternative Func-
tions as shown in the Pin Configuration Tables.
Due to Bonding options for the packages, some
functions may not be present, Table 4 shows the
Functions allocated to each I/O Port pin and a sum-
mary of packages for which they are available.

© MICROELECTROMICS
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ST90E40 - STI0T40

PIN DESCRIPTION (Continued)

Table 4. ST90E40, T40 I/0 Port Alternate Function Summary

Fl' SGS-THOMSON

© MICROZELECTRONICS

1/0 PORT Name Function | Alternate Function Pin Assignment

Port. bit PLCC PQFP PSDIP
P0.0 A0/DO 110 Address/Data bit 0 mux 24 39 32
PO.1 A1/D1 /10 Address/Data bit 1 mux 25 40 33
P0.2 A2/D2 110 Address/Data bit 2 mux 26 41 34
P0.3 A3/D3 110 Address/Data bit 3 mux 27 42 35
P0.4 A4/D4 110 Address/Data bit 4 mux 28 43 36
P0.5 A5/D5 110 Address/Data bit 5 mux 29 44 37
P0.6 A6/D6 110 Address/Data bit 6 mux 30 45 38
P0.7 A7/D7 /10 Address/Data bit 7 mux 31 46 39
P1.0 A8 (0] Address bit 8 23 38 31
P1.1 A9 (e} Address bit 9 22 37 30
P1.2 A10 (e} Address bit 10 21 36 29
P1.3 A1 O Address bit 11 20 35 28
P1.4 A12 O Address bit 12 19 34

P1.5 A13 o Address bit 13 18 33

P1.6 Al4 (e} Address bit 14 17 31

P1.7 A15 o Address bit 15 16 30

P2.0 NMI | Non-Maskable Interrupt 44 64 51
P2.0 ROMless | ROMless Select (Mask option) 44 64 51
P2.1 P/D o Program/Data Space Select 45 65 NC
P2.1 SDI | SPI Serial Data Out 45 65 52
P2.2 INT2 | External Interrupt 2 46 66 53
P2.2 SCK o SPI Serial Clock 46 66 53
P2.3 SDO (o} SPI Serial Data In 47 67 54
P2.4 INT1 | External Interrupt 1 48 68

P2.4 WRSTB5 I Handshake Write Strobe P5 48 68

P2.5 WRRDY5 (0] Handshake Write Ready P5 49 69

P2.6 INT3 | External Interrupt 3 50 70

P2.6 RDSTB5 [ Handshake Read Strobe P5 50 70

P2.6 P/D o Program/Data Space Select 50 70

P2.7 RDRDY5 (0] Handshake Read Ready P5 51 7

P3.0 TOINA | MF Timer O Input A 15 29 27
P3.0 P/D [¢] Program/Data Space Select 15 29 27
P3.1 TOOUTA (0} MF Timer 0 Output A 14 28 26
P3.2 TOINB | MF Timer 0 input B 13 27 25
P3.3 TOoOUTB (@) MF Timer 0 Output B 12 26 24
P3.4 T1INA | MF Timer 1 Input A 1 25 23

41/57

267



ST90E40 - ST90T40

PIN DESCRIPTION (Continued)
Table 4. ST90E40, T40 I/O Port Alternate Function Summary

1/0 PORT Name Function | Alternate Function Pin Assignment
Port. bit PLCC PQFP PSDIP
P3.5 T1OUTA o MF Timer 1 Output A 10 24 22
P3.6 T1INB | MF Timer 1 Input B 9 23 20
P3.7 T10OUTB o MF Timer 1 Output B 8 22 19
P4.0 Ain0 | A/D Analog Input 0 52 72 55
P4.1 Aint | A/D Analog Input 1 53 73 56
P4.2 Ain2 | A/D Analog Input 2 54 74 1
P4.3 Ain3 | A/D Analog Input 3 55 75 2
P4.4 Ain4 | A/D Analog Input 4 61 4 8
P4.5 Ain5 | A/D Analog Input 5 56 76 3
P4.6 Ain6 | A/D Analog Input 6 57 77 4
P4.7 Ain7 | A/D Analog Input 7 58 78 5
P5.0 1{e] 1/0 Handshake Port 5 3 15
P5.1 l{e} 1/0 Handshake Port 5 2 14
P5.2 110 1/0 Handshake Port 5 1 13 14
P5.3 l{e} 1/0 Handshake Port 5 68 11 13
P5.4 l{e] 1/0 Handshake Port 5 65 8 12
P5.5 /10 1/0 Handshake Port 5 64 7 11
P5.6 110 1/O Handshake Port 5 63 6 10
P5.7 l[e} 1/0 Handshake Port 5 62 5 9
P7.0 SIN 1 SClI Serial Input 43 61 50
P71 SOUT (0] SClI Serial Output 42 60 49
P7.1 ROMless | ROMiless Select (Mask option) 42 60 49
P7.2 INT4 | External Interrupt 4 41 59 48
P7.2 TXCLK | SCI Transmit Clock Input 41 59 48
P7.2 CLKOUT o SCI Byte Sync Clock Output 41 59 48
P7.3 INT5 | External Interrupt 5 40 58 47
P7.3 RXCLK | SCI Receive Clock Input 40 58 47
P7.3 ADTRG ! A/D Conversion Trigger 40 58 47
P7.4 INT6 | External Interrupt 6 39 57
P7.4 PD (0] Program/Data Space Select 39 57
P7.5 WAIT | External Wait Input 38 56
P7.6 WDOUT o T/WD Output 37 55 46
P7.6 BUSREQ | External Bus Request 37 55 46
P7.7 WDIN | T/WD Input 36 54 45
P7.7 BUSACK o External Bus Acknowledge 36 54 45
=2 STl
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ST90E40 - ST90T40

1.1 MEMORY

The memory of the ST90E40 is functionally divided
into two areas, the Register File and Memory. The
Memory is divided into two spaces, each having a
maximum of 65,536 bytes. The two memory
spaces are separated by function, one space for
Program code, the other for Data. The ST90E40
16K bytes of on-chip EPROM memory are se-
lected at memory addresses 0 through 3FFFh
(hexadecimal) in the PROGRAM space, while the
ST90T40 OTP version has the top 64 bytes of the
EPROM reserved by SGS-THOMSON for testing
purposes. The DATA space includes the 512 bytes
of on-chip EEPROM at addresses 0 through 1FFh
and the 256 bytes of on-chip RAM memory at
memory addresses 200h through 2FFh.

WARNING. The ST90T40 has its 64 upper bytes in
the internal EPROM reserved for testing purpose.

External memory may be addressed using the mul-
tiplexed address and data buses (Alternate Func-
tions of Ports 0 and 1). At addresses greater than
the first 16K of program space, the ST90E40 exe-
cutes external memory cycles for instruction
fetches. Additional Data Memory may be decoded
externally by using the P/D Alternate Function out-
put. The on-chip general purpose (GP) Registers
may also be used as RAM memory for minimum
chip count systems.

Figure 4. Memory Spaces

1.2 EPROM PROGRAMMING

The 16384 bytes of EPROM memory of the
ST90E40 (16320 for the ST90T40) may be pro-
grammed by using the EPROM Programming
Boards (EPB) available from SGS-THOMSON.

1.2.1 Eprom Erasing

The EPROM of the windowed package of the
ST90E40 may be erased by exposure to Ultra-Violet
light.

The erasure characteristic of the ST90E40 is such
that erasure begins when the memory is exposed
to light with a wave lengths shorter than approxi-
mately 4000A. It should be noted that sunlight and
some types of fluorescent lamps have wave-
lengths in the range 3000-4000A. It is thus recom-
mended that the window of the ST90E40
packages be covered by an opaque label to pre-
vent unintentional erasure problems when testing
the application in such an environment.

The recommended erasure procedure of the
EPROM is the exposure to short wave ultraviolet
light which have a wave-length 2537A. The inte-
grated dose (i.e. U.V. intensity x exposure time) for
erasure should be a minimum of 15W-sec/cm2.
The erasure time with this dosage is approximately
15 to 20 minutes using an ultraviolet lamp with
12000pW/cm® power rating. The ST90E40 should
be placed within 2.5cm (1Inch) of the lamp tubes
during erasure.

65535

65535

240

255

16384

EPROM

768

RAM

512
EEPROM
0000 0000 0000
INTERNAL EXTERNAL REGISTER INTERNAL EXTERNAL
PROGRAM DATA
SPACE SPACE VR001400
(N7 SGS-THOMSON 43/57
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ST90E40 - ST90T40

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Voo Supply Voltage -03107.0 Vv
AVpbp, AVss |  Analog Supply Voltage Vss = AVss < AVpp < Vpp Vv
\ Input Voltage —0.3to Vpp +0.3 \
Vo Output Voltage —0.3t0 Vpp +0.3 \"
Vpp Input Voltage on Vpp Pin -0.3t0 13.5 Vv
Tsta Storage Temperature —55t0+ 150 °C
Iing Pin Injection Current Digital -5t05 mA
Iing Pin Injection Current Analog -5to5 mA
Maximum accumulated pin injection Current in the device -50 to 50 mA

Note: Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect
device reliability. All voltages are referenced to VSS

RECOMMENDED OPERATING CONDITIONS

Value .
Symbol Parameter Unit
Min. Max.
Ta Operating Temperature -40 85 °C
Voo Operating Supply Voltage 4.5 5.5 \"
fosce External Oscillator Frequency 24 MHz
fosci Internal Clock Frequency (INTCLK) 12 MHz
DC ELECTRICAL CHARACTERISTICS
Vbp = 5V £ 10% Ta = — 40°C to + 85°C, unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
ViHek Clock Input High Level External Clock 0.7 Vop Vpp+0.3 Vv
ViLek Clock Input Low Level External Clock -0.3 0.3 Voo \%
TTL 2.0 .
ViH Input High Level Voo +0.3 v
CMOS 0.7 Voo VDD +0.3 | V
TTL -0. .
ViL Input Low Level 03 0.8 v
CMOS -0.3 0.3 Vop \%
ViHRs RESET Input High Level 0.7 Voo Vop + 0.3 \
ViLRs RESET Input Low Level -0.3 0.3 Voo \
VhyRs RESET Input Hysteresis 0.3 1.5 v
Vou Output High Level Push Pull, lload =—0.8mA| Vpp-0.8 \
Push Pull or Open Drain,
VoL Output Low Level lload = 1.6mA 0.4 v
44/57 Ly SGS-THOMSON
Y/, ticrozEcTROMES
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ST90E40 - ST90T40

DC ELECTRICAL CHARACTERISTICS (continued)

STt

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Weak Pull-up Current Bidirectional Weak Pull-
lwpu up, VoL = OV 50 200 420 pA
Active Pull-up Current, _ _ _
lapu for INTO and INT7 only Vin < 0.8V, under Reset 80 200 420 pA
. Input/Tri-State, _
Ikio 1/O Pin Input Leakage OV < Vin < Voo 10 +10 pA
ILkRs Reset Pin Input Leakage | 0V < Vin< Vbp -30 +30 pA
. Alternate Function,
kAo A/D Pin Input Leakage Open Drain, _3 +3 HA
0V < Vin< VDD
Active Pull-up Input
ILkap Leakage 0V<Vin<0.8V 10 +10 HA
ILkos OSCIN Pin Input Leakage | OV < Vin < Vbp -10 +10 pA
EPROM Programming
Vpp Voltage 12.2 125 12.8 \
EPROM Programming
lep Current 30 mA
DC TEST CONDITIONS
2.4V
TTL INPUT
FORCING CONDITION ><
0 45v
0.8Vpp
CMOS INPUT X
FORCING CONDITION 0.2Vgp
"1" SOURCE CURRENT = -0.8mA
PUSH—PULL OUTPUT 30V x
TEST CONDITION
EST CONDITIO 0.8V "0" SINK CURRENT = 1.6mA
"1” SOURCE CURRENT = O
WEAK PULL—UP OUTPUT 3.0V
TEST CONDITION :o.sv :"o" SINK CURRENT = 1.6mA
VAQ0117
45/57
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ST90E40 - ST90T40

AC ELECTRICAL CHARACTERISTICS

(Vbp =5V £ 10% Ta = — 40°C to + 85°C, unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Run Mode Current
oo no CPUCLK prescale, 24MHz 50 mA
Clock divide by 2
Run Mode Current
Iop2 Prescale by 2 24MHz 30 mA
Clock divide by 2
WFI Mode Current
lwei no CPUCLK prescale, 24MHz 20 mA
Clock divide by 2
IHALT HALT Mode Current 24MHz 50 100 pA
46/57 ‘— SGS-THOMSON
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ST90E40 - ST90T40

PACKAGE MECHANICAL DATA

80-Pin Ceramic Quad Flat Package with Window

NE Dim. mm inches
AT“NEEE&’J‘PT&"’ Min | Typ | Max | Min | Typ | Max
‘ N (ﬂﬂ' _____ 10 A 355 0.14
= = A2 340 0.133
| 3:':: ==! D 2390 0941
EE i i D1 20.00 0.787
i | D3 1840 0.724
ND 1B | {0301 E 17.90 0.705
8! ! Et 1400 0551
iz’ | | E3 1200 0472
P ! 4 7.62 03
= = e 080 0032
n u_ N j n - Numbesroof Pins
E3
E1 ND 24
E VROB1500 NE 16
68-Pin Ceramic Leadless Chip Carrier with Window
Dim. mm inches
o __ N Min | Typ | Max | Min | Typ | Max
’( Number of Pins )‘ A 447 0.176
Pin 1 Al 0.89 0.035
L L %% A3 - -
0 Bl i B 048 0019
2 g B : :
s I P gl :§ D 251 0.990
NDig i) jub3 or o = D1 236 0.930
! ! 3?‘:::[ D3 203 0.800
12 "o E 251 0990
[ = E1 236 0930
- E3 203 0.800
35— M’ 7 8 032
E1 s e 127 0050
£ Number of Pins
_5_| N 68
VROA1534 ND 16
NE 16
kyy, SS5THOMOON =
A X
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ST90E40 - ST90T40

56-Pin Ceramic Shrink Dual-In-line Package with window, 600 Mil Width

£1 Dim. mm inches
I Min | Typ | Max | Min | Typ | Max
t A
i e e JR
/ . /1 Al L I B
g|| B ' et E il
1 c
D1 D1 D
- D D1
K El-f-1-1=-1=-1]=
N ] L ) E1
K1 I/I/ :/r eL1
—B-— Lt {EF -1 0
F—— — " Number of Pins
—=.-=.l l—a—u—a_ﬂ'ﬂ?wJ /.:.—:.—:.— N 56
1 N/2 VROA1727
ORDERING INFORMATION
Sales Type Frequency Temperature Range Package
ST90E40L1/ES™ 0°C to + 70°C CLCCe8W
ST90E40G1/ES™ 24MHz 0°C to + 70°C CQFP8OW
ST90E40D1/ES™ 0°C to + 70°C CSDIP56W
ST90T40C6 -40°C to + 85°C PLCC68
ST90T40Q1 24MHz 0°C to + 70°C PQFP80
ST90T40B6 -40°C to + 85°C PSDIP56
Note . EPROM parts are tested at 25°C only
48/57 SGS-THOMSON
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ST90R40

ROMLESS HCMOS MCU
WITH EEPROM, RAM AND A/D CONVERTER

» Register oriented 8/16 bit CORE with
RUN, WFI and HALT modes

= Minimum instruction cycle time:500ns
(12MHz internal)

= ROMless to allow maximum external memory
flexibility

» Internal Memory :
RAM 256 bytes

EEPROM 512 bytes

224 general purpose registers available as

RAM, accumulators or index pointers

(register file)

= 80-pin Plastic Quad Flat Pack Package for
ST90R40Q

68-lead Plastic Leaded Chip Carrier package for
ST90R40C

DMA controller, Interrupt handler and Serial Pe-
ripheral Interface as standard features

40 fully programmable 1/0 pins
Up to 8 external plus 1 non-maskable interrupts

16 bit Timer with 8 bit Prescaler, able to be used
as a Watchdog Timer

= Two 16 bit Multifunction Timers, each with an 8
bit prescaler and 13 operating modes

8 channel 8 bit Analog to Digital Converter, with
Analog Watchdogs and external references

Serial Communications Interface with asynchro-
nous and synchronous capability

= Rich Instruction Set and 14 Addressing modes
= Division-by-Zero trap generation

» Versatile development tools, including assembler,
linker, C-compiler, archiver, graphic orinted de-
bugger and hardware emulators

» Real Time Operating System

Compatible with ST9040 16K ROM device (also
available in windowed and One Time Programma-
ble EPROM packages)

March 1994

PQFP80

PLCC68

(Ordering Information at the end of the Datasheet)

49/57
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Figure 1. 80 Pin PQFP Package
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Table 1. ST90R40Q Pin Description
Pin | Name Pin | Name Pin | Name Pin | Name
1 AVss 25 | P34/T1INA 64 | P20/NMI 80 |AVpp
2 | AVss 26 | P33/TOOUTB 63 |NC 79 |NC
3 NC 27 | P32/TOINB 62 |Vss 78 | P47/AIN7
4 P44/AIN4 28 | P31/TOOUTA 61 | P70/SIN 77 | P46/AING
5 P57 29 | P30/P/D/TOINA 60 |P71/SOUT 76 | P45/AIN5
6 P56 30 A15 59 P72/INT4/TXCLK 75 P43/AIN3
7 P55 31 |A14 /CLKOUT 74 | P42/AIN2
8 P54 32 NC 58 P73/INT5 73 P41/AIN1
9 INT7 33 | A13 /RXCLK/ADTRG 72 | P40/AINO
10 | INTO 34 |A12 57 | P74/P/D/INT6 71 | P27/RRDY5
11 [ P53 35 | A1 56 | P75/WAIT 70 |P26INTS
12 |[NC 36 |A10 55 P76/WDOUT /RDSTBS/P/D
13 | P52 37 | A9 /BUSREQ 69 | P25/WRRDY5
14 | P51 38 |A8 54 |P7ZWDIN s | P24/INT1
15 | P50 39 | A0/DO /BUSACK /WRSTB5
16 | OScCouT 40 | A1/D1 53 |RW 67 |P23/SDO
17 | Vss 52 |NC 66 | P22/INT2/SCK
18 | Vss 51 |DS 65 | P21/SDI/P/D
19 |NC 50 |AS
20 | OSCIN 49 |NC
21 | RESET 48 | Vop
22 | P37/T1OUTB 47 | Vop
23 | P36/T1INB 46 | A7/D7
24 | P35/T1OUTA 45 | A6/D6
44 | A5/D5
43 | A4/D4
42 | A3/D3
41 | A2/D2
50/57 (57 SGS-THOMSON
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Figure 2. 68 Pin PLCC Package
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Table 2. ST90R40C Pin Description
Pin Name Pin | Name Pin | Name Pin | Name
61 | P44/Aind 10 | P35/T10UTA 43 | P70/SIN 60 | AVss
62 |P57 11 | P34/T1INA 42 | P71/SOUT 59 | AVpp
63 P56 12 P33/TOOUTB 4 P72/CLKOUT 58 P47/Ain7
64 | P55 13 | P32/TOINB /TXCLK/INT4 57 | P46/Ain6
65 P54 14 P31/TOOUTA 40 P73/ADTRG 56 P45/Ain5
66 |INT7 15 | P30/P/D/TOINA /RXCLK/INTS 55 | P43/Ain3
67 |INTO 16 |A15 39 | P74/P/D/INT6 54 | P42/Ain2
68 |P53 17 |A14 38 | P75/WAIT 53 | P41/Aint
e 1 P52 18 A13 a7 P76/WDOUT 52 P40/Ain0
2 P51 19 |A12 /BUSREQ 51 | P27/RRDY5
3 |P50 20 [Aft 36 |PZZWDIN 50 |PRBINTS
4 |oscout 21 [A10 /BUSACK /RDSTBS5/P/D
5 |Vss 22 | A9 35 |RW 49 | P25/WRRDY5
6 |OSCIN 23 |A8 34 |DS 4 |PRAINTI
7 RESET 24 | Ao/DO 33 |[AS /WRSTB5
8 P37/T10UTB 25 | A1/D1 32 |Vop 47 | P23/SDO
9 P36/T1INB 26 | A2/D2 31 |A7/D7 46 | P22/INT2/SCK
30 |A6/D6 45 | P21/SDI/P/D
29 | A5/D5 44 | P20/NMI
28 | A4/D4
27 | A3/D3
L7 SGS-THOMSON 51/57
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ST90R40

1.1 GENERAL DESCRIPTION

The ST90R40 is a ROMLESS member of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectron-
ics using a proprietary n-well HCMOS process.

The ROMLESS part may be used for the prototyp-
ing and pre-production phases of development,
and offers the maximum in program flexibility in
production systems.

The STO0RA40 is fully compatible with the ST9040
ROM version and this datasheet will thus provide
only information specific to the ROMLESS device.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST9040 ROM-BASED DE-
VICE.

The ROMLESS ST90R40 can be configured as a
microcontroller able to manage external memory,
or as a parallel processing element in a system
with other processors and peripheral controllers.

The nucleus of the ST90R40 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8
bit Prescaleréa Serial Peripheral Interface support-
ing S-BUS, I1°C-bus and IM-bus Interface, plus two

Figure 3. Block Diagram

8 bit I/O ports. The Core has independent memory
and register buses allowing a high degree of pipe-
lining to add to the efficiency of the code execution
speed of the extensive instruction set.

The powerful I/0 capabilities demanded by micro-
controller applications are fulfilled by the STO0R40
with up to 56 I/O lines dedicated to memory ad-
dressing or digital Input/Output. These lines are
grouped into up to seven 8 bit I/O Ports and can be
configured on a bit basis under software control to
provide timing and status signals, address lines,
timer inputs and outputs, analog inputs, exterral
interrupts and serial or parallel /O with or without
handshake.

Three memory spaces are available: Program Mem-
ory (external), Data Memory (internal and external)
and the Register File, which includes the control and
status registers of the on-chip peripherals.

Two 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple
use for complex waveform generation and meas-
urement, PWM functions and many other system
timing functions by the usage of the two associated
DMA channels for each timer.

INTO  INT7
512 Bytes 256 Bytes 256 Bytes 16-Bit TIMER / WATCHDOG + SPI scl /0 PORT 7
EEPROM RAM REGISTER FILE CPU WITH DMA (sci)
[ MEMORY BUS ] ﬂ W
Zas O <z ; hd
[ REGISTER BUS ]
1’0 PORT 0 10 PORT 1| |10 PORT 2| | 1.0 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 AiD 110 PORT 5
( Address/Data ) ( Address ) (SPI) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
AVoo AV
VR0B1385
52/57 ‘_l SGS-THOMSON
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GENERAL DESCRIPTION (Continued)

In addition there is an 8 channel Analog to Digital
Converter with integral sample and hold, fast 11us
conversion time and 8 bit resolution. An Analog
Watchdog feature is included for two input chan-
nels.

1.2 PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the begin-
ning of each memory cycle. The rising edge of AS
indicates that address, Read/Write (RW), and
Data Memory signals are valid for program or data
memory transfers. Under program control, AS can
be placed in a high-impedance state along with
Port 0 and Port 1, Data Strobe (DS) and R/W.

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During a read cycle, Data In must be valid prior
to the trailing edge of DS. When the ST90R40 ac-
cesses on-chip Data memory. DS is held high dur-
ing the whole memory cycle. It can be placed in a
high impedance state along with Port 0, Port 1, AS
and R/W.

R/W. Read/Write (output, 3-state). Read/Write de-
termines the direction of data transfer for memory
transactions. R/W is low when writing to program
or data memory, and high for all other transactions.
It can be placed in_a high impedance state along
with Port 0, Port 1, AS and DS.

RESET. Reset (input, active low). The ST9 is ini-
tialised by the Reset signal. With the deactivation
of RESET, program execution begins from the Pro-
gram memory location pointed to by the vector
contained in program memory locations 00h and
01h.

‘ﬁ SGS-THOMSON

Completing the device is a full duplex Serial Com-
munications Interface with an integral 110 to
375000 baud rate generator, asynchronous and
1.5Mbyte/s synchronous capability (fully program-
mable format) and associated address/wake-up
option, plus two DMA channels.

OSCIN, OSCOUT. Oscillator (input and output).
These pins connect a parallel-resonant crystal
(24MHz maximum), or an external source to the
on-chip clock oscillator and buffer. OSCIN is the in-
put of the oscillator inverter and internal clock gen-
erator; OSCOUT is the output of the oscillator
inverter.

AVpp. Analog Vpp of the Analog to Digital Con-
verter.

AVss. Analog Vss of the Analog to Digital Con-
verter. Must be tied to Vss.

Vpp. Main Power Supply Voltage (5V+10%)
Vss. Digital Circuit Ground.

ADO0-AD7, (P0.0-P0.7) Address/Data Lines (In-
put/Output, TTL or CMOS compatible). 8 lines pro-
viding a multiplexed address and data bus, under
control of the AS and DS timing signals.

A8-A15 Address Lines (Output, TTL or CMOS
compatible). 8 lines providing non-multiplexing ad-
dress bus, under control of the AS and DS timing
signals.

P2.0-P2.7 P3.0-P3.7, P4.0-P4.7, P5.0-P5.7, P7.0-
P7.7 I/O Port Lines (Input/Output, TTL or CMOS
compatible). 40 lines grouped into I/O ports of 8
bits, bit programmable under program control as
general purpose I/O or as Alternate functions (see
next section).

1.2.1 /0 PORT ALTERNATE FUNCTIONS

Each pin of the IO ports of the ST90R40 may as-
sume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Table 3 shows the Functions allocated to each /0
Port pins.

53/57
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PIN DESCRIPTION (Continued)
Table 3. I/O Port Alternate Function Summary

VO PORT Name Function Alternate Function Pin Assignment
Port.bit INJOUT PQFP80 PLCC68
P0.0 A0/DO 110 Address/Data bit 0 mux 39 24
PO.1 A1/D1 110 Address/Data bit 1 mux 40 25
P0.2 A2/D2 110 Address/Data bit 2 mux 41 26
P0.3 A3/D3 110 Address/Data bit 3 mux 42 27
P0.4 A4/D4 /0 Address/Data bit 4 mux 43 28
P0.5 A5/D5 110 Address/Data bit 5 mux 44 29
P0.6 A6/D6 110 Address/Data bit 6 mux 45 30
P0.7 A7/D7 l{e] Address/Data bit 7 mux 46 31
P1.0 A8 (e} Address bit 8 38 23
P1.1 A9 (o} Address bit 9 37 22
P1.2 A10 O Address bit 10 36 21
P1.3 A1 o Address bit 11 35 20
P1.4 A12 (0] Address bit 12 34 19
P15 A13 o} Address bit 13 33 18
P1.6 A14 (0] Address bit 14 31 17
P1.7 A15 (0] Address bit 15 30 16
P2.0 NMI 1 Non-Maskable Interrupt 64 44
P2.1 P/D (@) Program/Data Space Select 65 45
P2.1 SDI | SPI Serial Data Out 65 45
P22 INT2 I External Interrupt 2 66 46
P2.2 SCK (0] SPI Serial Clock 66 46
P2.3 SDO (o} SPI Serial Data In 67 47
P2.4 INT1 | External Interrupt 1 68 48
P2.4 WRSTB5 (0] Handshake Write Strobe P5 68 48
P2.5 WRRDY5 | Handshake Write Ready P5 69 49
P2.6 INT3 | External Interrupt 3 70 50
P2.6 RDSTB5 I Handshake Read Strobe P5 70 50
P2.6 P/D o} Program/Data Space Select 70 50
P2.7 RDRDY5 (0] Handshake Read Ready P5 71 51
P3.0 TOINA | MF Timer O Input A 29 15
P3.0 P/D o Program/Data Space Select 29 15
P3.1 TOOUTA (0] MF Timer 0 Output A 28 14
P3.2 TOINB | MF Timer O Input B 27 13
P3.3 TOOUTB (0] MF Timer 0 Output B 26 12
P3.4 T1INA | MF Timer 1 Input A 25 11
2 TR AL
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PIN DESCRIPTION (Continued)

Table 3. 1/0 Port Alternate Function Summary (Continued)

0 PORT Name Function Alternate Function Pin Assignment
Port.bit INJOUT PQFP80 PLCC68

P3.5 T1OUTA (o} MF Timer 1 Output A 24 10
P3.6 T1INB | MF Timer 1 Input B 23

P3.7 T10UTB (0] MF Timer 1 Output B 22

P4.0 Ain0 | A/D Analog Input 0 72 52
P4.1 Aint | A/D Analog Input 1 73 53
P4.2 Ain2 | A/D Analog Input 2 74 54
P4.3 Ain3 | A/D Analog Input 3 75 55
P4.4 Aind | A/D Analog Input 4 4 61
P4.5 Ain5 | A/D Analog Input 5 76 56
P4.6 Ain6 | A/D Analog Input 6 77 57
P4.7 Ain7 | A/D Analog Input 7 78 58
P5.0 /10 1/0 Handshake Port 5 15

P5.1 110 1/0 Handshake Port 5 14

P5.2 110 1/0 Handshake Port 5 13

P5.3 /10 I/0 Handshake Port 5 11 68
P5.4 110 I/0 Handshake Port 5 8 65
P5.5 [l{e} 1/O Handshake Port 5 64
P5.6 110 1/0 Handshake Port 5 63
P5.7 110 1/0 Handshake Port 5 62
P7.0 SIN | SClI Serial Input 61 43
P7.1 SOouT (¢] SCI Serial Output 60 42
P7.2 INT4 | External Interrupt 4 59 41
P7.2 TXCLK | SCI Transmit Clock Input 59 41
pP7.2 CLKOUT (6] SCI Byte Sync Clock Output 59 41
P7.3 INT5 | External Interrupt 5 58 40
P7.3 RXCLK | SCI Receive Clock Input 58 40
P7.3 ADTRG | A/D Conversion Trigger 58 40
P7.4 INT6 | External Interrupt 6 57 39
P7.4 P/D o Program/Data Space Select 57 39
P7.5 WAIT I External Wait Input 56 38
P7.6 WDOUT o} T/WD Output 55 37
P7.6 BUSREQ I External Bus Request 55 37
P7.7 WDIN 1 T/WD Input 54 36
P7.7 BUSACK o] External Bus Acknowledge 54 36

Ky, 3ETONSN =
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1.3 MEMORY

The memory of the ST90R40 is functionally divided
into two areas, the Register File and Memory. The
Memory may optionally be divided into two spaces,
each having a maximum of 65,536 bytes. The two
memory spaces are separated by function, one
space for Program code, the other for Data. The
ST90R40 addresses all program memory in the
external PROGRAM space. The DATA space in-
cludes the 512 bytes of on-chip EEPROM at ad-
dresses 0 through 1FFh and the 256 bytes of

Figure 4. Memory Spaces

on-chip RAM memory at addresses 200h through
2FFh.

The External Memory spaces are addressed using
the multiplexed address and data buses on Ports 0
and 1. Data Memory may be decoded externally by
using the P/D Alternate Function output. The on-
chip general purpose (GP) Registers may be used
as RAM memory.

65535

65535

240

255

768

RAM

512
EEPROM
0000 0000 0000
INTERNAL EXTERNAL REGISTER INTERNAL EXTERNAL
PROGRAM DATA
SPACE SPACE VROC1404

56/57 [Ny SGS-THOMSON
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ORDERING INFORMATION

Sales Type Frequency Temperature Range Package
ST90R40C6 -40°C to + 85°C PLCC68
24MHz
ST90R40Q1 0°Cto+70°C PQFP80
L3y SGS-THOMSON 57157
Y/, SiCROELECTROMICS
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ST9 - Software

1 SOFTWARE DESCRIPTION

1.1ADDRESSING MODES

The ST9 offers a wide variety of established and
new addressing modes and combinations to facili-
tate full and rapid access to the address spaces
while reducing program length. The available ad-
dressing modes are shown in Table 1-1:

Table 1-1. Addressing Modes

Single operand arithmetic, logic and shift byte in-
structions have direct register and indirect register
addressing modes. For a full list of the possible
combinations for each instruction type, please re-
fer to the ST9 Programming Manual.

Operand is In Addressing Mode Dfig:;gz" Notation

Instruction Immediate V?/Zl)tr(ij z:N
Direct \;vi:j :r

Register File Indirect Byte/Word (r
Indexed Byte/Word N(r)
Indirect Post-Increment Byte (n+
Direct Byte/Word NN
Indirect Byte/Word (rr)
Indirect Post-Increment Byte/Word (rr)+

Program or Data Memory
Indirect Pre-Decrement Byte/Word -(rr)
Short Indexed Byte/Word N(rr)
Long Indexed Byte/Word NN(rr)
Register Indexed Byte/Word rr(rr)

Any bit of any working register Direct Bit rb

Any bit in program or data memory Indirect Bit (rr).b

= K37 32NN =
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ADDRESSING MODES (Continued)

Two Operands Arithmetic and Logic Instructions

Destination Source
Register Direct Register Direct
Register Direct Register Indirect
Register Direct Memory Indirect
Register Direct Memory Indexed
Register Direct Memory Indirect with Post-Increment
Register Direct Memory Indirect with Pre-Decrement
Register Direct Memory Direct
Register Indirect Register Direct
Memory Indirect Register Direct
Memory Indexed Register Direct
Memory Indirect with Post-Increment Register Direct
Memory Indirect with Pre-Decrement Register Direct
Memory Direct Register Direct
Register Direct Immediate
Memory Direct Immediate
Memory Indirect Immediate

Two Operands Arithmetic, Logic and Load Instructions

Destination Source
Memory Indirect Memory Direct
2/48
‘_ SGS-THOMSON
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ADDRESSING MODES (Continued)

Two Operands Load Instructions
Destination Source
Register Direct Register Direct
Register Direct Register Indirect
Register Direct Register Indexed
Register Direct Memory Indirect
Register Direct Memory Indexed
Register Direct Memory Indirect with Post-Increment
Register Direct Memory Indirect with Pre-Decrement
Register Direct Memory Direct
Register Indirect Register Direct
Register Indexed Register Direct
Memory Indirect Register Direct
Memory Indexed Register Direct
Memory Indirect with Post-Increment Register Direct
Memory Indirect with Pre-Decrement Register Direct
Memory Direct Register Direct
Register Direct Immediate
Memory Direct Immediate
Memory Indirect Immediate
Long Indexed Memory ") Immediate
Two Operands Load Instructions @
Destination Source

Register Indirect with Post-Increment Memory Indirect with Post-Increment
Memory Indirect with Post-Increment Register Indirect with Post-Increment
Memory Indirect with Post-Increment Memory Indirect with Post-Increment

Notes:
1. Word Instructions Only
2. Load Byte Only

-THOMSON 3/48
Ky, 355;HOMSON
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ADDRESSING MODES (Continued)

1.1.1 Register Addressing Modes
Immediate Addressing Mode

In the Immediate addressing mode, the data is
found in the instruction. When using immediate
data, a hash-mark (#) is used to distinguish it from
an absolute address in memory.

Example: 1dw RR42, #65536

loads the immediate value 65536 into the register
pair R42 & R43. While the example shows decimal
data, hexadecimal and binary values may also be
used.

Example: 1dw RR42, #0FFFFh.

Figure 1-1. Immediate Register

Addressing In The In a Working In an Absolute In
Mode Instruction Register Register Memory
IMMEDIATE
REGISTER DATA
VROA1845
Direct Addressing Mode

In the direct addressing mode, a register can be
addressed by using its absolute address in the
Register File (in decimal, hexadecimal or binary
form). Alternatively a register can be addressed di-
rectly as a working register;

Example: xch ROA2h, r4
exchanges the values in the register RA2h and
working register number 4.

Figure 1-2. Direct Register

Addressing In The In a Working In an Absolute In
Mode Instruction Regrster Register Memory

DIRECT REGISTER
REGISTER ADDRESS DATA |

REGISTER
ADDRESS DATA

VR0B1845

448 Ly, SGS-THOMSON

Indirect Addressing Mode

In the Indirect Register Addressing mode, the ad-
dress of the data does not appear in the instruction
but is located in a working register. The address of
this register is given in the instruction. The indirect
addressing mode is indicated by the use of paren-
theses.

Example:

If register 200 contains 178 and working register
11 contains 86 then the instruction 1d
(rll),R200 loads the value 178 into register 86.
{\lole: the indirect address can only be contained in a working regis-
er.

Figure 1-3. Indirect Register

Addressing In The In a Working In an Absolute In
Mode Instruction Register Regrster Memory
INDIRECT REGISTER
REGISTER | ADDRESS |—4 ADDRESS ‘_‘| DATA |
VRoo1845
Indexed Addressing Mode

To address a register using the Indexed mode, an
offset value is used to add to an index value (which
acts as a base or starting value). The offset value is
the Immediate value given in the instruction while
the index value is given by the contents of the
working register.

Example: if working register 10 contains 55 then
the instruction

Id 40(r10),r18

loads register 95 (i.e.55+40) with the contents of
working register 18.

The Register File never needs an absolute value
requiring more than one byte and therefore only re-
quires a short offset and a single register to contain
the index.

Note. The index value can only be contained in a working register.

Figure 1-4. Indexed Register

Addressing In The In a Working In an Absolute In
Mode Instruction Register Register Memory

REGISTER f : )_.I
ADDRESS ADDRESS DATA
OFFSET

INDEXED
REGISTER

VROC1845

o MICROELECTROMICS

290



ST9 - Software

ADDRESSING MODES (Continued)

Indirect Register Post-increment Addressing Mode

In this addressing mode, both destination and
source addresses are given by the contents of
working registers which are then post-incre-
mented. The address of the memory location is
contained in a working register pair, and the ad-
dress of the register is contained into a single work-
ing register. Only working registers may be used to
contain the addresses, this mode being indicated
by both source and destination using parentheses
followed by plus sign.

Example: if working register 8 contains the value
44, working register pair rr2 contains the value
2000, and register 44 contains the value 56, then
by using the instruction

Id (rr2)+,(r8)+

the memory location 2000 will be loaded with the
value 56. Immediately following this, the contents

of r8 is incremented to 45 and the contents of rr2 is
incremented to 2001.

This addressing mode is useful for moving blocks
of data either from Register File to Memory or from
Memory to Register File.

Direct Bit Addressing Mode
Figure 1-5. Register Indirect Post-Increment

Addressing In The InaWorking  In an Absolute In
Mode Instruction Register Register Memory

REGISTER
ADDRESS HADDRESS

INDIRECT
REGISTER
WITH

DATA |
POST-INCREMENT

ADDRESS
HIGH

REGISTER ADDRESS
ADDRESS Low

1.1.2 Memory Addressing Modes

The memory addressing modes described in this
section are available to data and program memory.
Thus before addressing the memory, it is neces-
sary to indicate by use of the Set Program/Data
Memory instructions, spm and sdm, in which mem-
ory the instructions are working. Since each mem-
ory space is 64K byte long, a word address is
necessary to specify memory locations.

Direct Addressing Mode

The Memory Direct addressing mode requires the
specific location within the memory. This only
needs the absolute offset value which can be given
in decimal, hex or binary form.

Thus the instruction
Id 12345,r9

loads working register 9 data into memory location
12345

In the memory direct mode, it is possible to use an
immediate addressing mode for the source oper-
and.

Examples:
Id 12354,#34

will load the value 34 into the memory location
12354.

ldw 12354,#3457

will load the location pair 12354 and 12355 with the
value 3457.

Figure 1-6. Memory Direct

Addressing In The In a Working In an Absolute In
Mode Instruction Register Regrster Memory

VROD1845 ADDRESS
Low
In the direct bit addressing mode, any bit in any i
working register can be addressed
Examples: bset r7.3
This instruction sets the bit 3 of the working register
7.
bld r7.3,r12.6
This instruction loads the bit 6 of the working regis-
ter 12 in bit 3 of working register 7
o 5/48
JOTR Al
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ADDRESSING MODES (Continued)

Indirect Addressing Mode

When using the indirect addressing mode to ac-
cess memory, the address is contained in a pair of
working registers.

Example: if the working register pair r8 and r9 con-
tains the value 2000 then the instruction

Id (rr8),#34

loads the value 34 into memory location 2000.

If the data to be stored is a word then the instruc-
tion 1dw will automatically interpret the address as
a pair of memory locations. So if rr8 contains 2000
then the instruction

Idw (rr8),#3467

loads the memory locations 2000 and 2001 with
the value 3467.

Figure 1-7. Memory Indirect

Addressing In The In a Working In an Absolute In
Mode Instruction Register Register Memaory

REGISTER ADDRESS -

ADDRESS HIGH

ADDRESS
Low

MEMORY
INDIRECT

VROF1845

Indirect With Post-increment Adressing Mode

The indirect with post-increment addressing mode
is similar to the memory indirect addressing mode
but, in addition, after accessing the data in the cur-
rently pointed address, the value in the pointing
working register pair is incremented. This mode is
indicated by a plus sign following a working regis-
ter pair in parentheses, e.g. (rr4) +.

Example:

If the working register pair rr4 (working registers r4
and r5) contains the value 3000 and memory loca-
tion 3000 contains the value 88, then the instruc-
tion

Id R50,(rr4)+

loads register 50 with the value 88 and then the
value in rr4 to be incremented to 3001.

This mode uses only working registers to contain
the address. Thus the Indirect with Post-Increment
addressing mode is most useful in repeated situ-
ations when a number of adjacent items of data are

6/48 Ly7, S5s-THOMSON

required in succession. The use of this addressing
mode saves both time and program memory space
since it cuts the usual increment instruction.

Figure 1-8. Memory Indirect Post-Increment

Addressing In The In a Working In an Absolute In
Mode Instruction Regster Register Memory

MEMORY
INDIRECT REGISTER ADDRESS DATA
WITH ADDRESS HIGH
POST-INCREMENT ADDRESS
Low

il

Indirect With Pre-decrement Addressing Mode

This indirect memory addressing mode has an
automatic pre-decrement. The address can only
be contained in working registers and the mode is
indicated by a minus sign in front of the working
registers which are in parentheses, e.g. - (rr6).

Thus if the working register pair rré contains the
value 1111 and location 1110 contains the value
40 then the instruction

Id R56,-(rr6)

decrements the value in rr6 to 1110 and then loads
the value 40 into register 56.

This addressing mode allows the ST9 to deal in the
reverse order with data previously managed using
the indirect post-increment mode without resetting
the pointing registers (of the last post-increment).

The pre-decrement mode has the same benefits of
time and program memory saving as the post-in-
crement mode.

VROG1845

Figure 1-9. Memory Indirect Pre-Decrement

Addressing In The In a Working In an Absolute In
Mode Instruction Regrster Register Memory

MEMOR
|NS|HOEC¥ REGISTER ADDRESS
WITH ADDRESS HIGH
PRE-DECREMENT ADDRESS
Low

VROH1845
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ADDRESSING MODES (Continued)

Indexed Addressing Modes

There are three indexed addressing modes, each
using an indirect address plus offset format. The
index address is given as an indirect address con-
tained in a working register pair, while the offset
can be long or short (a word or a byte). The ad-
dress of the data required is given by the value of
the working register pair indicated (the index), plus
the value of the given offset. The specification of
this offset which differentiates the three modes, is
as follows:

- Indexed with an Immediate Short and Long
Offset

In these indexed modes the offset is a fixed and
Immediate value included in the instruction. It may
be either a short or long index as required, this im-
mediate value being added to the address given by
the working register pair.

Example: if the working register pair, rr6, contains
the value 8000 and memory location 8034 con-
tains the value 254 then the instruction

Id R55,34(rr6)

loads the value 254 into register 55.

Or, as another example, if the working register pair
rr2 contains the value 2000 and register 78 con-
tains the value 34 then the instruction.

Id 322(rr2),r78
loaded the value 34 into memory location 2322.
- Indexed with a Register Offset

In this addressing mode, the index is supplied by
one pair of working registers and the offset is sup-
plied by a second pair of working registers. The for-
mat is rmx(rry), x and y being in the range
0,2,4..12,14.

Example

If working register pair rr0 contains the value 2222
and working register pair rr4 contains 3333 while
register 45 contains the value 78 then the instruc-
tion

Id rr4(rr0),R45

loads the value 78 into memory location 5555.

Figure 1-10. Memory Indexed with Immediate
Short Offset

Addressing In The In a Working In an Absolute In
Mode Instruction Register Regrster Memory

INDEX
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IMMEDIATE
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Figure 1-11. Memory Indexed with Immediate
Long Offset
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Figure 1-12. Memory Indexed with Register
Offset
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Indirect Memory Bit Addressing Mode

In the indirect memory bit addressing mode, any bit
of Program/Data memory location can be ad-
dressed with the btset (Bit Test and SET) in-
struction.

Example
btset (rr8).3

This instruction sets bit 3 of the memory location ad-
dressed by the working registers r8, r9 contents.

L7, S6S-THOMSON 7148
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1.2 INSTRUCTION SET

The ST9 instruction set consists of 87 instruction
types which can be divided into eight groups:
- Load (two operands)

- Arithmetic & logic (two operands)

- Arithmetic Logic and Shift (one operand)
- Stack (one operand)

- Multiply & Divide (two operands)

- Boolean (one or two operands)

- Program Control (zero to three operands)
- Miscellaneous (zero to two operands)

8148 k37, S55-THOMSON
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The wide range of instructions eases use of the
register file and address spaces, reducing opera-
tion times, while the register pointers mechanism
allows an unmatched code efficiency and ultrafast
context switching. A particularly notable feature is
the comprehensive “Any Bit, Any Register” (ABAR)
addressing capability of the Boolean instructions.

The ST9 can operate with a wide range of data
lengths from single bits, 4-bit nibbles which can be
in the form of Binary Coded Decimal (BCD) digits,
8-bit bytes, and 16-bit words.

The following summary shows the instructions be-
longing to each group and the number of operands
required for each instruction. The source operand
is “src”, “dst” is the destination operand, and “cc” is
a condition code.
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INSTRUCTION SET (Continued)

Load Instructions (Two Operands)

Mnemonic Instruction
LD dst,src Load
LDW dst,src Load Word
LDPP dst,src Load Program Memory -> Program Memory
LDPD dst,src Load Data Memory -> Program Memory
LDDP dst,src Load Program Memory -> Data Memory
LDDD dst,src Load Data Memory -> Data Memory

Arithmetic and Logic Instructions (Two Operands)

Mnemonic Instruction
ADD dst,src Add
ADDW dst,src Add Word
ADC dst,src Add With carry
ADCW dst,src Add Word With Carry
SuB dst,src Substract
SuBw dst,src Substract Word
SBC dst,src Substract With Carry
SBCW dst,src Substract Word With Carry
AND dst,src Logical AND
ANDW dst,src Logical Word AND
OR dst,src Logical OR
ORW dst,src Logical Word OR
XOR dst,src Logical Exclusive OR
XORW dst,src Logical Word Exclusive OR
CP dst,src Compare
CPW dst,src Compare Word
™ dst,src Test Under Mask
T™MW dst,src Test Word Under Mask
TCM dst,src Test Complement Under Mask
TCMW dst,src Test Word Complement Under Mask

SGS-THOMSON
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INSTRUCTION SET (Continued)

Arithmetic Logic and Shift Instructions (One Operand)

Mnemonic Operands Instruction
INC dst Increment
INCW dst Increment Word
DEC dst Decrement
DECW dst Decrement Word
SLA dst Shift Left Arithmetic
SLAW dst Shift Word Left Arithmetic
SRA dst Shift Right Arithmetic
SRAW dst Shift Word Right Arithmetic
RRC dst Rotate Right Through Carry
RRCW dst Rotate Word Right Through Carry
RLC dst Rotate Left Through Carry
RLCW dst Rotate Word Left Through Carry
ROR dst Rotate Right
ROL dst Rotate Left
CLR dst Clear Register
CPL dst Complement Register
SWAP dst Swap Nibbles
DA dst Decimal Adjust

Stack Instructions (One Operand)

Mnemonic Operands Instruction
PUSH src Push on System Stack
PUSHW src Push Word on System Stack
PEA src Push Effective Address on System Stack
POP dst Pop From System Stack
POPW dst Pop Word from System Stack
PUSHU src Push on User Stack
PUSHUW src Push Word on User Stack
PEAU src Push Effective Address on User Stack
POPU dst Pop From User Stack
POPUW dst Pop Word From User Stack
10/48 (N7 SGS-THOMSON
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INSTRUCTION SET (Continued)

Multiply and Divide Instructions (Two Operands)

Mnemonic Operands Instruction
MUL dst,src Multiply 8x8
DIV dst,src Divide 16/8
DIVWS dst,src Divide Word Stepped 32/16

Boolean Instructions (One or Two Operands)

Mnemonic Operands Instruction
BSET dst Bit Set
BRES dst Bit Reset
BCPL dst Bit Complement
BTSET dst Bit Test and Set
BLD dst,src Bit Load
BAND dst,src Bit AND
BOR dst,src Bit OR
BXOR dst,src Bit XOR

57, sesmomson
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INSTRUCTION SET (Continued)

Program Control Instructions (One, Two or Three Operands)

Mnemonic Operands Instruction
RET Return from Subroutine
IRET Return from Interrupt
Stop Program Execution and Wait for
the next Enabled Interrupt. If a DMA
WFI request is present, the CPU executes
the DMA service routine and then
automatically returns to the WFI
HALT Stop Program Execution Until Next System Reset
JR cc,dst Jump Relative If Condition is Met
JP cc,dst Jump if Condition is Met
JP dst Unconditional Jump
CALL dst Unconditional Call
BTJF dst,N Bit Test and Jump if False
BTJT dst,N Bit Test and Jump if True
Decrement a Working Register and Jump
DINZ dstN if Non Zero
DWJNZ dstN Decrement a Register Pair and Jump if
Non Zero
CPJFI dstN Compare and Jump on False. Otherwise
Post Increment
CPJTI dst.N Compare and Jump on True. Otherwise
Post Increment
12/48 Lyy SGS-THOMSON
Y/, wicrozzcTROMES
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INSTRUCTION SET (Continued)

Miscellaneous (None, One or Two Operands)

Mnemonic Operands Instruction
XCH dst,src Exchange Registers
SRP src Set Register Pointer Long (16 working registers)
SRPO src Set Register Pointer 0 (8 LSB working register)
SRP1 src Set Register Pointer 1 (8 MSB working register)
SPP src Set Page Pointer
EXT dst Sign Extend
El Enable Interrupts
DI Disable Interrupts
SCF Set Carry Flag
RCF Reset Carry Flag
CCF Complement Carry Flag
SPM Select Program Memory
SDM Select Data Memory
NOP No Operation

Ky7, SSemEN =
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INSTRUCTION SET (Continued)

1.2.1 ST9 Processor Flags

An important feature of a single chip microcom-
puter is the ability to test data and make the appro-
priate action based on the results. In order to
provide this facility, FLAGR (register 231) in the
register file is used as a flag register. Six bits of this
register are used as the following flags:

Bit 1 is available to the user. Bit 0 is the Pro-
gram/Data Memory selector bit.

The Flag Register is further described in the Archi-
tecture Chapter.

1.2.2 Condition Codes

Flags C, Z, S, and OV control the operation of the
“conditional” Jump instructions. The next table

C - Carry shows the condition codes and the flag settings.
Z-Zero Note : Some of the Status flags are used to indicate
S - Sign more than one condition e.g . Zero and Equal. In
V - Overflow such cases the condition code is the same for both
D - Decimal Adjust conditions.
H - Half Carry
Table 1-2. Condition Codes Table
eode Mesning setting vaue | valus
F Always False o 0 0000
T Always True o 8 1000
C Carry C=1 7 0111
NC Not carry C=0 F 1111
z Zero Z=1 6 0011
NZ Not Zero Z=0 E 1110
PL Plus S=0 D 1101
MI Minus S=1 5 0101
ov Overflow V=1 4 0100
NOV No Overflow V=0 C 1100
EQ Equal Z=1 6 0110
NE Not Equal Z=0 E 1110
GE g’;:‘f;f“a" (S xor V)=0 9 1001
LT Less Than (S xor V)=1 1 0001
GT Greater Than (Z or(S xor V))=0 A 1010
LE Less Than or Equal (Z or(S xor V))=1 2 0010
ue e aeter C=0 F 1111
uL Unsigned Less Than C=1 7 0111
uGT orsigned (C=0 and Z=0)=1 B 1011
ULE ?;:ngfggjsf (Cor2)=1 3 0011
37, SEsTHomsoN
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INSTRUCTION SET (Continued)
1.2.3 Notation

Operands and status flags are represented by a
notational shorthand in the detailed instruction de-

scription (see programming manual).

Table 1-3. Notation (Part 1)

The notation for operands (condition codes and
address modes) and the actual operands they rep-

resent are as follows:

Notation Significance Actual Operand/Range
cc Condition Code
#N Immediate Byte #data | where datais a byte expression
#NN Immediate Word # data where data is a word expression
r Direct Working Register m where n=0-15
R Direct Register Rn where n=0-255
. . . . where n is an even number in the range 0-15.
g Direct Working Register Pair rm (n=0,2,4,6....14)
. . . where n is an even number in the range 0-254.
RR Direct Register Pair RRn (1=0,2,4,6....254)
(r Indirect Working Register (rn) where n=0-15
(R) Indirect register (Rn) where n=0-255
Indirect working register post .
N+ increment (rn)+ where n=0-15
N(rx) Indexed register N(rx) where x=0-15; N=0-255 (one byte)
. Program label or expression in the range +127/-128
N Memory relative Short Address starting from the address of the next instruction
NN Direct Memory Long Address Program label or expression in the range 0-65535 in
memory area
" Indirect Pair of Working (rm) Where n is an even number in the range
Register Pointers 0-15.(n=0,2,4,6....14)
M)+ Indirect Pair of Working Register (rm)+ where n is an even number in the range
Pointers with Post Increment 0-15.(n=0,2,4,6....14)
() Indirect Pair of Working Register (1) where n is an even number in the range
Pointers with Pre Decrement 0-15.(n=0,2,4,6....14)
Ly SGS-THOMSON 15/48
Y/, MicRoELECTRORICS
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INSTRUCTION SET (Continued)
Table 1-4. Notation (Part 2)

Notation Significance Actual Operand/Range
Indexed Pair of Working where x is an even number in the range
N(rrx) Register Pointers with N(rrx) 0-15.(n=0,2,4,6....14) and N is a signed one
Short Offset byte expression between +127/-128
. . where x is an even number in the range
Indexed Pair of Working 0-15.(n=0,2,4,6....14) and NN is word
NN(rrx) | Register Pointers with Long NN(rrx) L
Offset expression in the range between 0 and
65535
. . where x is an even number in the range
N(RRx) g‘;ﬁ’t‘:g :/?tlr: "th%ftggf‘fzzt N(RRX) | 0-255.(n=0,2,4,6...254) and N is a one byte
signed expression in the range +127/-128
. . where x is an even number in the range
NN(RRy) | ldexed Pa of Registor. NN(RRx) | 0-255.(1=0,2,4.6....14) and NN is word
9 expression in the range between 0 and 65535
Indexed Pair of Working
r(rrx) Registers with a Pair of () where n and x are two even numbers in the
Working Registers used as range 0-15. (n,x=0,2,4,6....14)
Offset
. . . ) n=0.15 and b is a number between
b Ean gct);r:ter in a direct working m.b 0-7:0LSB
9 7 MSB
Bit pointer in a Memory where n is an even number in the range
(m-b Location using a Pair of ()b 0-15.(n=0,2,4,6....14) and b is a number
: Indirect Working Registers as ' between 0-7 0 LSB
Address Pointer 7MSB
. . . . where n is an even number in the range
(RR) Indirect pair of Register Pointer (RRn) 0-255.(1=0,2,4,6....254)
16/48 k37, S5S:THOMSON
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1.3 INSTRUCTION SUMMARY

The following tables summarize the operation for Note: for detailed information on the instruction set
each of the instructions which are listed with their refer to the ST9 programming manual.
corresponding mnemonic codes, addressing

modes, byte counts, timing information, and af-

fected flags. - dst: destination operand
GENERAL NOTES: - src: source operand
- SSP: system stack pointer
FLAGS STATUS: - USP: user stack pointer
- A affected - PC: program counter
- -:not affected - cc: condition code
- 0 :resetto zero - C:carryflag
- 1:settoone - Z: zero flag
- ?:undefined - S:sign flag

- V:overflow flag

- D:decimal adjust flag

- CIC: central interrupt control register
- DP : data/program memory flag

. 17/48
[ST=
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INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
ADC : Addition of 2 bytes with carry
ADC r r 2 6 dst<-dst+src+C AAANAQA
ADC R R 3 10 dst<-dst+src+C AANAAQ A
ADC r R 3 10 dst<-dst+src+C AANAAQ oA
ADC R r 3 10 dst<-dst+src+C AAAAQA
ADC r (] 2 6 dst<-dst+src+C AAAAQ A
ADC R (r) 3 10 dst<-dst+src+C AAANAQA
ADC r (r) 3 12 dst<-dst+src+C AAAAQA
ADC R (rr) 3 12 dst<-dst+src+C AAAAQ A
ADC r NN 4 18 dst<-dst+src+C AANAANQ A
ADC r N(rrx) 4 24 dst<-dst+src+C AN A AQA
ADC R N(rrx) 4 24 dst<-dst+src+C AAAAQA
ADC r NN(rrx) 5 26 dst<-dst+src+C AAANAQA
ADC R NN(rrx) 5 26 dst<-dst+src+C AAAAQ A
ADC r rr(rrx) 3 22 dst<-dst+src+C AN AAQ A
ADC r (rr)+ 3 16 dst<-dst+src+C AAANAQA
rr<-rr+1
ADC R (m+ 3 16 dst<-dst+src+C AAANQ A
rr<-rr+1
ADC r -(rr) 3 16 rr<-rr-1 AAAANQA
dst<-dst+src+C
ADC R -(rr) 3 16 rr<-rr-1 AAAANQ A
dst<-dst+src+C
ADC (r) r 3 10 dst<-dst+src+C AAANAQA
ADC (r) R 3 10 dst<-dst+src+C AANANAQ A
ADC (rr) r 3 18 dst<-dst+src+C AAAAQ A
ADC () R 3 18 dst<-dst+src+C AAAAQ oA
ADC (rr)+ r 3 22 dst<-dst+src+C AAAAQ A
rr<-rr+1
ADC (rr)+ R 3 22 dst<-dst+src+C AAAAQ oA
rr<-rr+1
ADC NN r 4 20 dst<-dst+src+C AANAAQ A
ADC N(rrx) r 4 26 dst<-dst+src+C AAAAQA
ADC N(rrx) R 4 26 dst<-dst+src+C AN A AQA
ADC NN(rrx) r 5 28 dst<-dst+src+C AAAAQ A
ADC NN(rrx) R 5 28 dst<-dst+src+C AAAANQ A
ADC rr(rrx) r 3 24 dst<-dst+src+C AMAAQA
ADC ~(rr) r 3 24 rr<-rr-1 L P
dst<-dst+src+C
ADC ~(rm) R 3 22 rr<-r-1 AAAAQ A
dst<-dst+src+C
ADC r #N 3 10 dst<-dst+src+C AAANAQ A
ADC R #N 3 10 dst<-dst+src+C AAAANQ A
ADC () #N 3 16 dst<-dst+src+C AAAAQ oA
ADC NN #N 5 24 dst<-dst+src+C AAA AN
ADC (m) () 3 20 dst<-dst+src+C AAAAQ A
ADC (RR) (rr) 3 20 dst<-dst+src+C AAAANQA
18/48
&y, 3ESTHOMTN
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INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
ADCW : Add word with carry
ADCW r r 2 10 dst<-dst+src+C ANAADQ 9
ADCW RR RR 3 12 dst<-dst+src+C AAANAD 9
ADCW r RR 3 12 dst<-dst+src+C AAAAND 9
ADCW RR m 3 12 dst<-dst+src+C AA A A2 9
ADCW d o} 3 14 dst<-dst+src+C AAAAD D
ADCW RR G} 3 14 dst<-dstsrc+C AAAAD D
ADCW " (rr) 2 16 dst<-dst+src+C AAAAND 9
ADCW RR (rr) 3 18 dst<-dst+src+C AAAAD 9
ADCW m NN 4 22 dst<-dst+src+C AAAAND 9
ADCW r N(rrx) 4 28 dst<-dst+src+C AANAAD 9
ADCW RR N(rrx) 4 28 dst<-dst+src+C AANAAND 9
ADCW rr NN(rrx) 5 30 dst<-dst+src+C AAAAND 9
ADCW RR NN(rrx) 5 30 dst<-dst+src+C AANAAND 9
ADCW rr rr(rrx) 3 26 dst<-dst+src+C AANANANDQ 9
ADCW g (rm)+ 3 22 dst<-dst+src+C AAAAND D
r<-rr+2
ADCW RR (r)+ 3 22 dst<-dst+src+C AAAA 99
rr<-rr+2
ADCW r -(rr) 3 24 rr<-rr-2 AANAANDQ 9
dst<-dst+src+C
ADCW RR -(rr) 3 24 m<-rr-2 AAANANDQ
dst<-dst+src+C
ADCW (n 13 3 14 dst<-dst+src+C AAAA 99
ADCW U] RR 3 14 dst<-dst+src+C AAAADg 9
ADCW (rr) i 2 30 dst<-dst+src+C AAAADQ 9
ADCW (r) RR 3 30 dst<-dst+src+C AAAANDQ 9
ADCW (rm)+ m 3 32 dst<-dst+src+C AAAA g9
rr<-rr+2
ADCW (m+ RR 3 32 dst<-dst+src+C AAAAND?
mr<-rr+2
ADCW NN r 4 32 dst<-dst+src+C AAAAND D
ADCW N(rrx) r 4 38 dst<-dst+src+C AAAND 9
ADCW N(rrx) RR 4 38 dst<-dst+src+C AAAND 9
ADCW NN(rrx) " 5 38 dst<-dst+src+C N
ADCW NN(rrx) RR 5 38 dst<-dst+src+C AAAAD D
ADCW re(rrx) r 3 34 dst<-dst+src+C AAAAND 9
ADCW ~(rr) r 3 34 rr<-rr-2 AANANANDQ
dst<-dst+src+C
ADCW ~(rr) RR 3 32 rr<-1r-2 AANAAND 9
dst<-dst+src+C
ADCW r #NN 4 14 dst<-dst+src+C AAANAD 9
ADCW RR #NN 4 14 dst<-dst+src+C AAANAD D
ADCW (rr) #NN 4 32 dst<-dst+src+C AAAND D
ADCW NN #NN 6 36 dst<-dst+src+C A A
ADCW N(rrx) #NN 5 36 dst<-dst+src+C A
ADCW NN(rrx) #NN 6 38 dst<-dst+src+C AAAATD
ADCW (rr) (rr) 2 32 dst<-dst+src+C ANAANT T
‘7_[ SGS-THOMSON 19/48
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INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes g:ﬂ; Operation c ZFSIa%sD H
ADD : Addition of 2 bytes without carry
ADD r r 2 6 dst<-dst+src ANAAQ A
ADD R R 3 10 dst<-dst+src AAAAQ A
ADD r R 3 10 dst<-dst+src ANAAQoA
ADD R r 3 10 dst<-dst+src AAANAQ A
ADD r (r) 2 6 dst<-dst+src AAAAQ A
ADD R (r) 3 10 dst<-dst+src AAAAQ A
ADD r (rr) 3 12 dst<-dst+src AAANAQA
ADD R (rr) 3 12 dst<-dst+src AAAAQ oA
ADD r NN 4 18 dst<-dst+src AAANAQ A
ADD r N(rrx) 4 24 dst<-dst+src ANAAQ N
ADD R N(rrx) 4 24 dst<-dst+src AAANAQA
ADD r NN(rrx) 5 26 dst<-dst+src AANAQA
ADD R NN(rrx) 5 26 dst<-dst+src AAANAQ A
ADD r rr(rrx) 3 22 dst<-dst+src AAAAQA
ADD r (rm+ 3 16 dst<-dst+src AAAAQ A
rr<-rr+1
ADD R (rr)+ 3 16 dst<-dst+src AAAAQ A
rr<-rr+1
ADD r -(rr) 3 16 rr<-rr-1 AAAAQ A
dst<-dst+src
ADD R ~(rr) 3 16 rr<-rr-1 AAANAQ A
dst<-dst+src
ADD (r) r 3 10 dst<-dst+src AAANAQA
ADD (r) R 3 10 dst<-dst+src AAAAQ A
ADD () r 3 18 dst<-dst+src AAAAQ oA
ADD (rr) R 3 18 dst<-dst+src AAAAQ A
ADD (rr)+ r 3 22 dst<-dst+src AAAANQ A
rr<-rr+1
ADD (rr)+ R 3 22 dst<-dst+src AAAAQ A
rr<-rr+1
ADD NN r 4 20 dst<-dst+src AAAAQ A
ADD N(rr) r 4 26 dst<-dst+src AN A AQ A
ADD N(rrx) R 4 26 dst<-dst+src AN A A
ADD NN(rrx) r 5 28 dst<-dst+src AAAAQ A
ADD NN(rrx) R 5 28 dst<-dst+src AANAANQ A
ADD rr(rrx) r 3 24 dst<-dst+src AN AAQ A
ADD =(rr) r 3 22 rr<-rr-1 AAAANQ A
dst<-dst+src
ADD ~(rr) R 3 22 rr<-re-1 AAAANQ A
dst<-dst+src
ADD r #N 3 10 dst<-dst+src AANAAQ A
ADD R #N 3 10 dst<-dst+src AAANAQA
ADD () #N 3 16 dst<-dst+src AAAAQ A
ADD NN #N 5 24 dst<-dst+src AAAANQA
ADD (rm) (rr) 3 20 dst<-dst+src AAAAQ A
ADD (RR) () 3 20 dst<-dst+src AAANAQ A
20/48
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INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes g{'gg; Operation . ZFslaglsD '
ADDW : Add word without carry
ADDW rr rr 2 10 dst<-dst+src AAAADQ 9
ADDW RR RR 3 12 dst<-dst+src AANANAND 9
ADDW m RR 3 12 dst<-dst+src AAAAND 9
ADDW RR (g 3 12 dst<-dst+src AAAAT? 7
ADDW " (o] 3 14 dst<-dst+src AAANAND 9
ADDW RR () 3 14 dst<-dst+src AAAAND 9
ADDW r (rr) 2 16 dst<-dst+src AAANAD D9
ADDW RR (rr) 3 18 dst<-dst+src AANAAD 9
ADDW m NN 4 22 dst<-dst+src AAAANTD 9
ADDW m N(rrx) 4 28 dst<-dst+src AN AN 9
ADDW RR N(rrx) 4 28 dst<-dst+src AANANAND 9
ADDW m NN(rrx) 5 30 dst<-dst+src AANAAND 9
ADDW RR NN(rrx) 5 30 dst<-dst+src AANAANQ 9
ADDW g rr(rrx) 3 26 dst<-dst+src AANAAD 9
ADDW " (rm)+ 3 22 dst<-dst+src AAAA g9
rr<-rr+2
ADDW RR (r)+ 3 22 dst<-dst+src AAAANQ 9
rr<-rr+2
ADDW m -(rr) 3 24 rr<-rr-2 AAANAD D
dst<-dst+src
ADDW RR -(rr) 3 24 rr<-rr-2 ANAAD 9
dst<-dst+src
ADDW 4} m 3 14 dst<-dst+src AANAD 9
ADDW (r RR 3 14 dst<-dst+src AAANANDQ 9
ADDW (rr) r 2 30 dst<-dst+src AAANANDQ 9
ADDW (rm) RR 3 30 dst<-dst+src AAAND 9
ADDW (m)+ " 3 32 dst<-dst+src AAAATD 9
r<-rr+2
ADDW (rm)+ RR 3 32 dst<-dst+src AAAAND D
m<-rr+2
ADDW NN m 4 32 dst<-dst+src AANAAN9 9
ADDW N(rrx) rr 4 38 dst<-dst+src AAAA 99
ADDW N(rr) RR 4 38 dst<-dst+src AAAAD 9
ADDW NN(rrx) s 5 38 dst<-dst+src AAAAD 9
ADDW NN(rrx) RR 5 38 dst<-dst+src AAAAD 9
ADDW rr(rrx) s 3 34 dst<-dst+src AAAAND 9
ADDW ~(rr) m 3 32 rr<-rr-2 AAANANQ 9
dst<-dst+src
ADDW ~(rr) RR 3 32 fr<-r-2 AANAA D9
dst<-dst+src
ADDW s #NN 4 14 dst<-dst+src AANANAD D
ADDW RR #NN 4 14 dst<-dst+src AAAAND 9
ADDW (rr) #NN 4 32 dst<-dst+src AAAAND?
ADDW NN #NN 6 36 dst<-dst+src AN AAD 2
ADDW N(rrx) #NN 5 36 dst<-dst+src AAAa g9
ADDW NN(rrx) #NN 6 38 dst<-dst+src AA AN 9
ADDW (rr) (rr) 2 32 dst<-dst+src AAANAND D
c_’l SGS-THOMSON 21/48
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INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst sre Bytes cycles Operation CZSVDH
AND : Logical AND between 2 bytes
AND r r 2 6 dst<-dst AND src -AAQD - -
AND R R 3 10 dst<-dst AND src -AANQ - -
AND r R 3 10 dst<-dst AND src -AANO - -
AND R r 3 10 dst<-dst AND src -AAD - -
AND r (r) 2 6 dst<-dst AND src -AA0 - -
AND R (r) 3 10 dst<-dst AND src -AAQ - -
AND r (rr) 3 12 dst<-dst AND src -AAD - -
AND R (rr) 3 12 dst<-dst AND src -AAD - -
AND r NN 4 18 dst<-dst AND src -AAQD - -
AND r N(rrx) 4 24 dst<-dst AND src -AANO - -
AND R N(rrx) 4 24 dst<-dst AND src -AAO - -
AND r NN(rrx) 5 26 dst<-dst AND src -AANQ - -
AND R NN(rrx) 5 26 dst<-dst AND src -AAQ - -
AND r rr(rrx) 3 22 dst<-dst AND src -AANOD - -
AND r (rr)+ 3 16 dst<-dst AND src -ArM0 - -
rr<-rr+1
AND R (rr)+ 3 16 dst<-dst AND src -ANM0 - -
rr<-rr+1
AND r -(rr) 3 16 rr<-rr-1 -AAD - -
dst<-dst AND src
AND R -(rr) 3 16 rr<-rr-1 -AAM0 - -
dst<-dst AND src
AND (r) r 3 10 dst<-dst AND src -AAMQ - -
AND (r) R 3 10 dst<-dst AND src -AAQ - -
AND (rr) r 3 18 dst<-dst AND src -AAO - -
AND (rr) R 3 18 dst<-dst AND src -AAO - -
AND (rr)+ r 3 22 dst<-dst AND src -AAM0 - -
rr<-rr+1
AND (rr)+ R 3 22 dst<-dst AND src -AAQ - -
rr<-rr+1
AND NN r 4 20 dst<-dst AND src -AMNO - -
AND N(rrx) r 4 26 dst<-dst AND src -AANO - -
AND N(rrx) R 4 26 dst<-dst AND src AN - -
AND NN(rrx) r 5 28 dst<-dst AND src -AAQ - -
AND NN(rrx) R 5 28 dst<-dst AND src -AAMQ - -
AND rr(rrx) r 3 24 dst<-dst AND src -AAQD - -
AND -(rr) r 3 22 rr<-rr-1 -AMAO - -
dst<-dst AND src
AND -(rr) R 3 22 rr<-rr-1 -AAMQ - -
dst<-dst AND src
AND r #N 3 10 dst<-dst AND src -AAND - -
AND R #N 3 10 dst<-dst AND src -AAQ - -
AND (rr) #N 3 16 dst<-dst AND src -AAMO - -
AND NN #N 5 24 dst<-dst AND src -AAMQ - -
AND (rr) (rr) 3 20 dst<-dst AND src -ANQ - -
AND (RR) (rr) 3 20 dst<-dst AND src -AAQ - -
22/48 SGS-THOMSON
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
ANDW : Logical AND between two words
ANDW rr I 2 10 dst<-dst AND src -ANQD -
ANDW RR RR 3 12 dst<-dst AND src -AMAD -
ANDW " RR 3 12 dst<-dst AND src -AAND -
ANDW RR g 3 12 dst<-dst AND src -AA0 - -
ANDW " (r) 3 14 dst<-dst AND src -AND -
ANDW RR (n 3 14 dst<-dst AND src -AAD -
ANDW r (rr) 2 16 dst<-dst AND src -AAMO -
ANDW RR (rr) 3 18 dst<-dst AND src -AAM0 -
ANDW " NN 4 22 dst<-dst AND src -ANQ -
ANDW " N(rrx) 4 28 dst<-dst AND src -AMA0 -
ANDW RR N(rrx) 4 28 dst<-dst AND src -AA0 -
ANDW s NN(rrx) 5 30 dst<-dst AND src -AMO -
ANDW RR NN(rrx) 5 30 dst<-dst AND src -AAD -
ANDW rr rr(rrx) 3 26 dst<-dst AND src -AAMD -
ANDW r (rr)+ 3 22 dst<-dst AND src -ANM0 -
rr<-rr+2
ANDW RR (rn)+ 3 22 dst<-dst AND src - AANQ -
rr<-rr+2
ANDW " -(rr) 3 24 rr<-rr-2 -AANQD -
dst<-dst AND src
ANDW RR ~(rr) 3 24 r<-rr-2 -AAQ -
dst<-dst AND src
ANDW r g 3 14 dst<-dst AND src -MAD -
ANDW (r) RR 3 14 dst<-dst AND src -AAMOD --
ANDW (rr) s 2 30 dst<-dst AND src -AAND -
ANDW (rr) RR 3 30 dst<-dst AND src -AAD -
ANDW (rr)+ r 3 32 dst<-dst AND src -hMArM0 -
rr<-rr+2
ANDW (rr)+ RR 3 32 dst<-dst AND src -AAND -
rr<-rr+2
ANDW NN r 4 32 dst<-dst AND src -AAM0 -
ANDW N(rrx) I 4 38 dst<-dst AND src -ANMO -
ANDW N(rrx) RR 4 38 dst<-dst AND src -AN0 -
ANDW NN(rrx) " 5 38 dst<-dst AND src -AM0 -
ANDW NN(rrx) RR 5 38 dst<-dst AND src -AAD - -
ANDW re(rrx) r 3 34 dst<-dst AND src - AN -
ANDW ~(rr) r 3 32 rr<-rr-2 -AAD -
dst<-dst AND src
ANDW ~(rr) RR 3 32 rr<-rr-2 =AM -
dst<-dst AND src
ANDW g #NN 4 14 dst<-dst AND src -AAND -
ANDW RR #NN 4 14 dst<-dst AND src - AMAD -
ANDW (rr) #NN 4 32 dst<-dst AND src - AAQD -
ANDW NN #NN 6 36 dst<-dst AND src - AAND -
ANDW N(rrx) #NN 5 36 dst<-dst AND src -AAND -
ANDW NN(rrx) #NN 6 38 dst<-dst AND src -AAN0 -
ANDW (r) (rr) 2 32 dst<-dst AND src =AM 0 -
L7 SGS-THOMSON 28/48
’l@ MICROELECTRONICS

309



ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes g:& I; Operation c zFéaesb H
BAND : Bit AND
BAND rb rb 3 14 dst bit<-dst bit AND srcbit | - -----
BAND r.b r.lb 3 14 dst bit<-dst bit AND complemented srcbit | - - - - - -
BCPL : Bit Complement
BCPLJ r.bJ 2 6 i dst bit<-dst bit complemented | - -----
BLD : Bit Load
BLD rb rb 3 14 dstbit<-srcbit | ------
BLD rb r.lb 3 14 dst bit<-src bit complemented @~ | - -----
BOR: Bit OR
BOR rb rb 3 14 dst bit<-dstbit ORsrcbit | ------
BOR rb r.lb 3 14 dst bit<-dst bit OR complemented srcbit | - --- - -
BRES : Bit Reset
BRES r rb J L 2 6 | dstbit<<O | ------
BSET : Bit Set
BSET | rb [ 2 6 l dstbit<-1 [ -
BTJF, BTJT : Bit test and jump
BTJF rb N 3 14/16 Iftestbitis 0, PC<-PC+N | - - -~ -
BTJT r.b N 3 14/16 lftestbitis 1, PC<-PC+N | ------
BXOR : Bit Exclusive OR
BXOR rb rb 3 14 dst bit<-dst bit XOR srebit [ - -----
BXOR rb r.lb 3 14 dst bit<-dst bit XOR complemented srcbit | - - - - - -
BTSET : Bit Test and Set
BTSET r.b 2 8 If test bit = 0, test bit <-1,Z<-1 - 0- -
BTSET (rr).b 2 20 If test bit = 0, test bit <-1,Z<-1 - 0- -
== [ STl o
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
CALL : Call a subroutine
SSP<-SSP-2,(SP)< | - - - - - -
CALL NN 3 8 | pc, Po<-dst
CALL (rr) 2 16 “ L
CALL (RR) 2 16 L
CCF : Complement Carry Flag
CCF 1 6 C<«~C |
complemented
CLR : Clear register
CLR r 2 6 dst<00 | - - - - - -
CLR R 2 6 dstc0 | - - - - - -
CLR (r) 2 6 dst<0 [ - - - - - -
CLR (R) 2 6 dst<0 | - - - - - -
L7 SGS-THOMSON 25/48
Y/, MicrozccTRonES

311



ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes ;,Igli '; Operation c zF;a%sD H
CP : Compare bytes
CP r r 2 6 dst-src AAA A -
cP R R 3 10 dst-src AAA A -
CP r R 3 10 dst-src AAAA -
CP R r 3 10 dst-src AAAA -
CP r (r 2 6 dst-src AANAA L
CP R (r 3 10 dst-src AAA AL
CP r (rr) 3 12 dst-src AAAA -
CP R (rr) 3 12 dst-src AAAA -
CcP r NN 4 18 dst-src AAAN -
CP r N(rrx) 4 24 dst-src AAAA L
CcP R N(rrx) 4 24 dst-src AAAA
CP r NN(rrx) 5 26 dst-src AAAA -
CP R NN(rrx) 5 26 dst-src AAAA -
CP r rr(rrx) 3 22 dst-src AAAA -
CP r (rr)+ 3 16 dst-src, rr<-rr+1 L
CcP R (rr)+ 3 16 dst-src, rr<-rr+1 AAAA -
CP r -(rr) 3 16 rr<-rr-1,dst-src AAAA
CP R -(rr) 3 16 rr<-rr-1,dst-src AAA A -
CP (r r 3 10 dst-src AAAA -
CcP (r R 3 10 dst-src AAAA -
CcP (rr) r 3 18 dst-src AAAA
CcP (rr) R 3 18 dst-src AANA
cpP (rm+ r 3 22 dst-src,rr<-rr+1 AAAA
CpP (rm+ R 3 22 dst-src,rr<-rr+1 AAAA
CP NN r 4 20 dst-src ANAA -
CP N(rrx) r 4 26 dst-src AAAA -
CP N(rrx) R 4 26 dst-src AANA L
CP NN(rrx) r 5 28 dst-src AAAN
CP NN(rrx) R 5 28 dst-src AAAA L
CP re(rrx) r 3 24 dst-src AAAA -
CP -(rr) r 3 22 rr<-rr-1,dst-src AAAA -
cpP -(rr) R 3 22 rr<-r-1,dst-src AAAN
CP r #N 3 10 dst-src A
CP R #N 3 10 dst-src AAAA .
CP (rr) #N 3 16 dst-src AAAA L
CP NN #N 5 22 dst-src AAAA -
CP (rr) (rr) 3 18 dst-src AAAA -
CP (RR) (rr) 3 18 dst-src AAAA L.
CPL : Complement register
CPL r 2 6 dst<- NOT dst -AM0 - -
CPL R 2 6 dst<- NOT dst -AMAM0 - -
CPL r 2 6 dst<- NOT dst -AAMO - -
CPL (R) 2 6 dst<- NOT dst - AN Q - -
CPJFI, CPJTI : Compare with post-increment
If compare not
verified jump
CPJFI (rr) r,N 3 22/24 otherwisepost- | T T 7T
increment
If compare verified
CPJTI (rr) rN 3 22/24 jump otherwise post- | - - - - - -
increment
26/48 g
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Lyy SGS-THOMSON
7’@ MICROELECTRONICS

Clock - Flags
Mnemo. dst src Bytes | cles Operation CZSVDH
CPW : Compare word
CPW " rr 2 10 dst-src nAar -
CcPW RR RR 3 12 dst-src R
CPW " RR 3 12 dst-src AARA -
CPW RR " 3 12 dst-src nARA -
CPW " (n 3 14 dst-src AAAA -
CPW RR ) 3 14 dst-src nAAr -
CPW r () 2 16 dst-src AAAA
CPW RR (rr) 3 18 dst-src AN A
CPW rr NN 4 22 dst-src AN
CPW rr N(rrx) 4 28 dst-src AAAN
CPW RR N(rrx) 4 28 dst-src AAAA
CPW " NN(rrx) 5 30 dst-src AR
CPW RR NN(rrx) 5 30 dst-src A
CPW r rr(rrx) 3 26 dst-src AN
CPW I (m)+ 3 22 dst-src AN -
r<-rr+2
CcPW RR (m)+ 3 22 dst-src A
IT<-1r+2
CPW m ~(rr) 3 24 rr<-rr-2 AR
dst-src
CPW RR -(rr) 3 24 rr<-rr-2 AAAA
dst-src
CPW 0] m 3 14 dst-src A
CPW n RR 3 14 dst-src AR
CPW () r 2 26 dst-src AAA A
CPW (rr) RR 3 28 dst-src AN
CPW (rm+ I 3 30 dst-src A
rr<-rr+2
CPW (m)+ RR 3 30 dst-src A
rr<-rr+2
CcPW NN s 4 30 dst-src AAAA
CPW N(rrx) s 4 36 dst-src AAAA
CPW N(rrx) RR 4 36 dst-src AN
cPW NN(rrx) s 5 36 dst-src fAnR -
CPW NN(rrx) RR 5 36 dst-src nAmA -
cPwW rr(rrx) s 3 32 dst-src pAAR -
CPW -(m) v 3 30 rr<-1r-2 A
dst-src
CPW ~(rr) RR 3 30 rr<-rr-2 AR -
dst-src
CPW (4 #NN 4 14 dst-src AN
CPW RR #NN 4 14 dst-src nAN R -
CPW () #NN 4 30 dst-src AAAN -
CPW NN #NN 6 34 dst-src AAAA -
cPW N(rrx) #NN 5 34 dst-src R
CPW NN(rrx) #NN 6 36 dst-src pAAA -
CPW (m (m 2 32 dst-src nARR -
27/48

313



ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
DA : Decimal adjust
DA r 2 6 dst<- DA dst Y
DA R 2 6 dst<- DA dst ANATD -
DA (r) 2 6 dst<- DA dst AAND -
DA (R) 2 6 dst<- DA dst AAAND -
DEC : Decrement
DEC r 2 6 dst<- dst-1 -AAA
DEC R 2 6 dst<- dst-1 SAAA L
DEC (n 2 6 dst<- dst-1 “AAA..
DEC (R) 2 6 dst<- dst-1 SAAANL .
DECW : Decrement Word
DECW r 2 8 dst<-dst-1 ~AAAL.
DECW RR 2 8 dst<-dst-1 CAAA L.
DI : Disable Interrupts
DI 1 6 Bit 4 of the CIC Registeris setto0 | - -----
DIV : Divide 16 by 8
dst/ src <- dst high=remainder
bV " ' 2 28120 | 1658 <-dstlow=result note 1
DIVWS : Divide Word Stepped 32 by 16
DIVWS 'rrr'l‘c')%:‘ " 3 28 32/16 note 1
DJNZ : Decrement a working register and Jump if Non Zero
DJNZ r N 2 1012 | r<-r1,Ifr=0then PC<-PC+N note 2
DWJNZ : Decrement a register pair and Jump if Non Zero
DWJUNZ r N 3 12/16 rr<-rr-1, If rr=0 then PC<-PC+N note 2
DWJNZ RR N 3 12/16 RR<-RR-1,If RR=0 then PC<-PC+N
Notes :

1. Refer to the ST9 Programming Manual for detailed information.
2. Working registers in groups D, E and F are not allowed.

28/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes gglce '; Operation c zFéaSSD H
El : Enable Interrupts
El | | | 1 | 6 | Bit 4 of the CICR registeris setto1 | - -----
EXT : Sign extend
EXT i 2 10 (7)—rn)n=8-15 [ ------
EXT RR 2 10 R(7)—>R(n)n=8-15 | ------
HALT : Halt Operation
HALT 2 6 Stops all internal clocks until next system | - - - - - -
reset if not in Watchdog Mode
INC : Increment
INC r 2 6 dst<- dst+1 SAAA L
INC R 2 6 dst<- dst+1 SAANA L
INC () 2 6 dst<- dst+1 AAA
INC (R) 2 6 dst<- dst+1 -AAA L
INCW : Increment Word
INCW r 2 8 dst<-dst+1 SAAA
INCW RR 2 8 dst<-dst+1 SAAA L
IRET : Return from Interrupt Routine
IREY | 18| ho(ssr), s9pesPriz, Clbi< note
JP : Jump to a Routine
JP NN 3 10 PC<dst | - - e - -
JP (m) 2 8 PC<dst | e
JP (RR) 2 8 PC<dst | - - - -
JPce NN 3 10 g:Cc::_(g;)tndition code)istrue, | .
JRcc : Conditional Relative Jump to a Routine
JReo N 2 tonz | Focloondiioncodelistue, L
Note 1 : All flags are restored to original setting (before interrupt occured).
&7, 3SR ==
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes g:l‘;'; Operation 7 Fslag\;lsD y
LD : Load byte instructions
LD r r 2 6 dst<src | - - - - - -
LD R R 3 10 dst<ssc | - - - - - -
LD r R 2 6 dste<sc 0 | - - - - - -
LD R r 2 6 o I
LD r (n 2 6 dst<ssre | - - -
LD R (0] 3 10 dst<src | - - - - -
LD r (rr) 2 10 dst<ssrc | - - - - - -
LD R (rm) 3 12 dstesc | - - - - - -
LD r NN 4 18 dst<-src | - - - - - -
LD r N(rx) 3 10 dst<s,e 0 | - - - - - -
LD r N(rrx) 4 24 dst<-s,c | - - - - - -
LD R N(rrx) 4 24 dst<ssre | - - - - -
LD r NN(rrx) 5 26 B
LD R NN(rrx) 5 26 dste-se | - - - - -
LD r rr(rrx) 3 22 dst<sc 0 | - - - - - -
LD r (rn)+ 3 16 dste-sre,fre-rr+1 | - - - - - -
LD R (m)+ 3 16 dste-sre,rr<-rr+1 | - - - - - -
LD r ~(rr) 3 16 rr<-rr-1,dst<-sc . | - - - - - -
LD R -(m) 3 16 rr<-rr-1,dste-sc | - - - - - -
LD () r 2 6 dst<src | - - - - - -
LD (r) R 3 10 dst<-src | - - - - - -
LD (rr) r 2 10 dst<-ss,c | - - - - - -
LD (rr) R 3 14 dst<sc 0 | - - - - - -
LD (rm)+ r 3 18 dste-sre,rre-mr+l | - - - - - -
LD (rr)+ R 3 18 dste-srerre-rr+d | - - - - - -
LD NN r 4 18 dstsre 0 | - - - - - -
LD N(rx) r 3 10 dstse | - -----
LD N(rrx) r 4 24 dsts,e | - - - -
LD N(rrx) R 4 24 dsts,e 0 | - - - - -
LD NN(rrx) r 5 26 dstsre | .- - - -
LD NN(rrx) R 5 26 dsts,c 1 - - - - - -
LD rr(rrx) r 3 22 dsts,e 0 | - - - - -
LD ~(rr) r 3 18 rr<-rr-1,dstessre | - - - - - -
LD ~(rr) R 3 18 rr<-rr-1,dste-src . | - - - - - -
LD r #N 2 6 dst<-src 0 | - - - - - -
LD R #N 3 10 dst<-s,c | - - - - - -
LD (rr) #N 3 12 dstessc | - - - - - -
LD NN #N 5 20 dst<-sc | - - - - - -
LD () (rr) 3 16 dst<-sc | - - - - - -
LD (RR) (rr) 3 16 dst<ssre, | - - - - - -
LD N+ (m)+ 2 14 rerr+lr<rel | - - - - - -
LD (rm)+ N+ 2 18 re-rrlr<rel | - - - - - -
LDPP,LDDP,LDPD, LDDD : Load from / to program / data memory
LbPP (rr)+ (rm)+ 2 16 dste-sre Mpreerret | - - - - - -
LDDP (m)+ (rm)+ 2 16 dst<-src @rreerret | - - - - o -
LDPD (rm)+ (m)+ 2 16 dst<-src @ reerret | - - - - - -
LDDD (m+ (m)+ 2 16 dst<-src @t | - - - - - -
Notes:

1. dstin Program Memory, src in Program Memory ~ 3.dst in Program Memory, src in Data Memory
4.dst in Data Memory, src in Data Memory

2. dstin Data Memory, srcin

30/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes f;:; ks Operation cz Fsla?/sD H
LDW : Load word instructions
LDW m m 2 10 dst<-src | - - - - - -
LDW RR RR 3 10 dst<-ssc | - - - - - -
LDW (g RR 3 10 dst<sc | - - - - - -
LDW RR r 3 10 dst<ssc | - - - - - -
Lbw m (n 3 10 dst<-sc 0 | - - - - -
LDW RR (n 3 10 dst<sstc | - - - - -
LDW rr (rr) 2 16 dst<ssre | - - - - - -
LDW RR (r) 3 18 dst<src | - - - - - -
LDW rr NN 4 22 dst<-s ¢~ | - - - - - -
LDW m N(rx) 3 16 dst<ssc | - - - - - -
LDW m N(rrx) 4 28 dst<-sse | - - - - - -
LDW RR N(rrx) 4 28 dst<-src | - - - - - -
LDW m NN(rrx) 5 30 e
LDW RR NN(rrx) 5 30 dst<-s,c | - - - - - -
LDW r rr(rrx) 3 24 dst<-ssc | - - - - - -
LDW m (rr)+ 3 20 dst<-srerr<-rr+2 | - - - - - -
LDwW RR (rr)+ 3 20 dste-sre,fre-rr+2 | - - - - - -
LDW m -(rm) 3 22 m<-rr-2,dst<-src | - - - - - -
LDW RR -(rr) 3 22 rr<-rr-2,dst<-src = [ - - - - - -
LDW ] " 3 10 dstesrc | - - - - - -
LDW (r) RR 3 10 dstesrc | - - -
LDW (rr) m 2 18 dst<ssrc | - - - - - -
LDW (rr) RR 3 20 dst<-src | - - - - - -
LDW (rm)+ " 3 24 r<-m+2,dst<-stc | - - - - - -
LDW (rr)+ RR 3 24 rr<-rr+2,dste-src | - - - - - -
LDW NN r 4 22 dstc<-sc | - - - - - -
LDW N(rx) r 3 14 dst<-sc | - - - - - -
LDW N(rrx) RR 4 26 dst<-src | - - - - - -
LDW N(rrx) rr 4 26 dst<-src | - - - - - -
LDW NN(rrx) RR 5 28 dst<ssc | - - - - - -
LDW NN(rrx) r 5 28 dst<-s,c | - - - - - -
LDW rr(rrx) r 3 24 dste<-sc | - - - - - -
LDW ~(rr) r 3 26 rr<-rr-2,dste-sre | - - - - - -
LDW ~(rr) RR 3 26 rre-r-2,dste-src | - - - - - -
LDW m #NN 4 12 dst<-stc | - - - - - -
LDW RR #NN 4 12 dst<-stc | - - - - - -
LDW (rr) #NN 4 22 dst<ssc | - - - - - -
LDW N(rrx) #NN 5 28 dst<-ssce | - - - - - -
LDW NN(rrx) #NN 6 30 dst<-sc | - - - - - -
LDW NN #NN 6 26 dst<.stc | - - - - - -
LDW (rr) (rr) 2 22 dst<ssrc | - - - - - -

Lyy SGS-THOMSON
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes ggli '; Operation c ZFSIE%SD
MUL : Multiply
MUL " r 2 22 :i:l:psl stxsrc, 8x8 note 1
NOP : No operation
NOP 1| 6 | NoOperation - -
OR : Logical OR between 2 bytes
OR r r 2 6 dst<-dst OR src -AANQD -
OR R R 3 10 dst<-dst OR src -AA0 -
OR r R 3 10 dst<-dst OR src -AAO -
OR R r 3 10 dst<-dst OR src -AANMO -
OR r (r) 2 6 dst<-dst OR src E A
OR R (r) 3 10 dst<-dst OR src -ANO -
OR r (rr) 3 12 dst<-dst OR src -ANO -
OR R (rr) 3 12 dst<-dst OR src - ANO -
OR r NN 4 18 dst<-dst OR src -AM0 -
OR r N(rrx) 4 24 dst<-dst OR src -AANO -
OR R N(rrx) 4 24 dst<-dst OR src - AN O -
OR r NN(rrx) 5 26 dst<-dst OR src -AAND -
OR R NN(rrx) 5 26 dst<-dst OR src -AANO -
OR r rr(rrx) 3 22 dst<-dst OR src -AM0 -
OR r (rr)+ 3 16 dst<-dst OR src -AANQ -
rr<-rr+1
OR R (rr)+ 3 16 dst<-dst OR src -ArMO -
rr<-rr+1
OR r ~(rr) 3 16 rr<-rr-1 -AANOD -
dst<-dst OR src
OR R -(rr) 3 16 rr<-rr-1 - AN -
dst<-dst OR src
OR (r) r 3 10 dst<-dst OR src - AN -
OR (r R 3 10 dst<-dst OR src -AAMO -
OR (rr) r 3 18 dst<-dst OR src - AN -
OR (rr) R 3 18 dst<-dst OR src - AN -
OR (rr)+ r 3 22 dst<-dst OR src - AN 0 -
rr<-rr+1
OR (rr)+ R 3 22 dst<-dst OR src -AAND -
rr<-rr+1
OR NN r 4 20 dst<-dst OR src - AN 0 -
OR N(rrx) r 4 26 dst<-dst OR src - AN -
OR N(rrx) R 4 26 dst<-dst OR src -ANM0 -
OR NN(rrx) r 5 28 dst<-dst OR src -ANM0 -
OR NN(rrx) R 5 28 dst<-dst OR src -AANO -
OR rr(rrx) r 3 24 dst<-dst OR src -AMO -
OR -(rr) r 3 22 dst<-dst OR src - AN -
rr<-rr-1
OR -(rr) R 3 22 dst<-dst OR src - AN O0 -
rr<-rr-1
OR r #N 3 10 dst<-dst OR src -AA0 -
OR R #N 3 10 dst<-dst OR src - AANO -
OR (rr) #N 3 16 dst<-dst OR src -rAr0 -
OR NN #N 5 24 dst<-dst OR src R
OR (rr) (rr) 3 20 dst<-dst OR src -AAQ -
OR (RR) (rr) 3 20 dst<-dst OR src -AANQD -

Note 1. Refer to ST9 programming manual for detailed information.
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes gll:; I; Operation c ZFsla%sD H
ORW : Logical OR between two words
ORW g T 2 10 dst<-dst OR src -r~r0 - -
ORW RR RR 3 12 dst<-dst OR src -ANM0 - -
ORW g RR 3 12 dst<-dst OR src -AM0 - -
ORW RR r 3 12 dst<-dst OR src -AND - -
ORW g (r) 3 14 dst<-dst OR src -AN0 - -
ORW RR n 3 14 dst<-dst OR src -rMA0 - -
ORW r (rr) 2 16 dst<-dst OR src -AAM0 - -
ORW RR (rr) 3 18 dst<-dst OR src -r~r0 - -
ORW s NN 4 22 dst<-dst OR src -AM0 - -
ORW r N(rrx) 4 28 dst<-dst OR src -AMAQ - -
ORW RR N(rrx) 4 28 dst<-dst OR src -AAMO - -
ORW " NN(rrx) 5 30 dst<-dst OR src - AANO - -
ORW RR NN(rrx) 5 30 dst<-dst OR src -ArM0 - -
ORW r rr(rrx) 3 26 dst<-dst OR src -AND - -
ORW r (rr)+ 3 22 dst<-dst OR src -AAQ - -
r<-rr+2
ORW RR (rr)+ 3 22 dst<-dst OR src -AAQ - -
r<-rr+2
ORW " -(rr) 3 24 rr<-rr-2 -ANMD - -
dst<-dst OR src
ORW RR -(rr) 3 24 rr<-rr-2 -AAMD - -
dst<-dst OR src
ORW n m 3 14 dst<-dst OR src -A~rM0 - -
ORW (r) RR 3 14 dst<-dst OR src =AM 0 - -
ORW (rr) (s 2 30 dst<-dst OR src -ArM0 - -
ORW (rr) RR 3 30 dst<-dst OR src -ArMD - -
ORW (rr)+ r 3 32 dst<-dst OR src -ArMD - -
rr<-rr+2
ORW (rr)+ RR 3 32 dst<-dst OR src - ANMO - -
r<-rr+2
ORW NN " 4 32 dst<-dst OR src -AM0 - -
ORW N(rrx) m 4 38 dst<-dst OR src -hANM0 - -
ORW N(rrx) RR 4 38 dst<-dst OR src -AANO - -
ORW NN(rrx) r 5 38 dst<-dst OR src - A A0 - -
ORW NN(rrx) RR 5 38 dst<-dst OR src -ANM0 - -
ORW rr(rrx) s 3 34 dst<-dst OR src -rAr0 - -
ORW -(rr) s 3 32 rr<-rr-2 -AN0 - -
dst<-dst OR src
ORW ~(rr) RR 3 32 rr<-rr-2 - AN - -
dst<-dst OR src
ORW r #NN 4 14 dst<-dst OR src -Ar0 - -
ORW RR #NN 4 14 dst<-dst OR src -ArM0 - -
ORW (rr) #NN 4 32 dst<-dst OR src -ArM0 - -
ORW NN #NN 6 36 dst<-dst OR src -ANMNO - -
ORW N(rrx) #NN 5 36 dst<-dst OR src -AMOD - -
ORW NN(rrx) #NN 6 38 dst<-dst OR src -ANMNO - -
ORW (rr) (rr) 2 32 dst<-dst OR src -AM0 - -
LNy SGS-THOMSON 33/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
PEA : Push effective address on system stack
PEA N(rrx) 4 20 SSP<-USP-2, (SSP)<-rrx+N | = -----
PEA NN(rrx) 5 26 SSP<-USP-2, (SSP)<-rrx+N | - --=---
PEA N(RRx) 4 20 SSP<-USP-2, (SSP)<-RRx+N [ - -=----
PEA NN(RRx) 5 26 SSP<-USP-2, (SSP)<-RRx+N [ - -=----
PEAU : Push effective address on user stack
PEAU N(rrx) 4 20 USP<-USP-2, (USP)<-rmx+N | - -----
PEAU NN(rrx) 5 26 USP<-USP-2, (USP)<-rrx+N | - --=---
PEAU N(RRx) 4 20 USP<-USP-2, (USP)<-RRx+N | - --=---
PEAU NN(RRx) 5 26 USP<-USP-2, (USP)<-RRx+N | - -----
POP : Pop system stack
POP r 2 10 dst<-(SSP), SSP<-SSP+1 [ - -----
POP R 2 10 dst<-(SSP), SSP<-SSP+1 | - -----
POP (r) 2 10 dst<-(SSP), SSP<-SSP+1 | - -----
POP (R) 2 10 dst<-(SSP), SSP<-SSP+1 [ - -----
POPU : Pop user stack

POPU r 2 10 dst<-(USP), USP<-USP+1 [ ------
POPU R 2 10 dst<-(USP), USP<-USP+1 | - --=---
POPU (r) 2 10 dst<-(USP), USP<-USP+1 | - -----
POPU (R) 2 10 dst<-(USP), USP<-USP+1 | - -----

POPUW : Pop word from user stack
POPUW " 2 14 dst<-(USP), USP<-USP+2 | - --=---
POPUW RR 2 14 dst<-(USP), USP<-USP+2 [ --=----

POPW : Pop word from system stack
POPW r 2 14 dst<-(SSP), SSP<-SSP+2 [ ------
POPW RR 2 14 dst<-(SSP), SSP<-SSP+2 | - -----

PUSH : Push system stack
PUSH r 2 10 SSP<-SSP-1, (SSP)<-sc | ------
PUSH R 2 10 SSP<-SSP-1, (SSP)<-src | - -----
PUSH (] 2 10 SSP<-SSP-1, (SSP)<-src | - -----
PUSH (R) 2 10 SSP<-SSP-1, (SSP)<-src [ ------
PUSH #N 3 16 SSP<-SSP-1, (SSP)<-src | - -----
PUSHU : Push user stack

PUSHU r 2 10 USP<-USP-1, (USP)<-src | - --=---
PUSHU R 2 10 USP<-USP-1, (USP)<-src | === - -~
PUSHU (n 2 10 USP<-USP-1, (USP)<-s,c | =-=-=-=--
PUSHU (R) 2 10 USP<-USP-1, (USP)<-src | - --=---
PUSHU #N 3 16 USP<-USP-1, (USP)<-s,c | - =-----

PUSHUW : Push word on user stack
PUSHUW r 2 12 USP<-USP-2, (USP)<-src | - -----
PUSHUW RR 2 12 USP<-USP-2, (USP)<-src | - -----
PUSHUW #NN 4 20 USP<-USP-2, (USP)<-src | - -----

PUSHW : Push Word on System Stack
PUSHW 3 2 12 SSP<-SSP-2, (SSP)<-src | - -----
PUSHW RR 2 12 SSP<-SSP-2, (SSP)<-src | ------
PUSHW #NN 4 20 SSP<-SSP-2, (SSP)<-src | ------
34/48 L§7 SGS-THOMSON
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
RCF : Reset carry flag
RCF | + | s C<0 | o-----
RET : Return from subroutine
RET | 1 | 12 |Pc<(ssp),sspesppi2 | ------
RLC : Rotate left through carry
RLC r 2 6 dst(0)<-C, C<-dst(7) AAAN
dst(n+1)<-dst(n) n=0-6
RLC R 2 6 “ " AAAA_ .
RLC n 2 6 “ " AANAA_ _
RLC (R) 2 6 « " AAARM.
RLCW : Rotate word left through carry
RLCW m 2 8 dst(0)<-C, C<-dst(15)
dst(n+1)<-dst(n) n=0-14
RLCW RR 2 8 “ v
ROL : Rotate left
ROL r 2 6 C<-dst(7), dst(0)<-dst(7) ANAN .
dst(n+1)<-dst(n) n=0-6
ROL R 2 6 “ » AAAA_ _
ROL (r 2 6 “ " AAAN .
ROL (R) 2 6 “ ” AAAA L
ROR : Rotate right
ROR r 2 6 C<-dst(0), dst(7)<-dst(0) AAAA .
dst(n)<-dst(n+1) n=0-6
ROR R 2 6 “ ” AAAA_ _
ROR (r 2 6 “ " AAAA L
ROR (R) 2 6 “ " AANARN._ .
RRC : Rotate right through carry
RRC r 2 6 dst(7)<-C, C<-dst(0) ANAA L
dst(n)<-dst(n+1) n=0-6
RRC R 2 6 “ » AANAAN_ .
RRC (r) 2 6 “ ” AANARA_ .
RRC (R) 2 6 “ " ANAA
RRCW : Rotate word right through carry
RRCW m 2 8 dst(15)<-C, C<-dst(0) AAANA L
dst(n)<-dst(n+1) n=0-14
RRCW RR 2 8 u " AANARM_ _
Ly SGS-THOMSON 35/48
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INSTRUCTION SUMMARY (Continued)

Mnemo. dst sre Bytes gg; ks Operation c ZFSIagISD H
SBC : Subtraction of 2 bytes with carry
SBC r r 2 6 dst<-dst-src-C AAAAqR
SBC R R 3 10 dst<-dst-src-C AAAAAqA
SBC r R 3 10 dst<-dst-src-C AAA AR
SBC R r 3 10 dst<-dst-src-C AAA A A
SBC r n 2 6 dst<-dst-src-C AAAAqA
SBC R n 3 10 dst<-dst-src-C AAAAqA
SBC r (rr) 3 12 dst<-dst-src-C AAAAqA
SBC R (rr) 3 12 dst<-dst-src-C AN AqA
SBC r NN 4 18 dst<-dst-src-C AAA AR
SBC r N(rrx) 4 24 dst<-dst-src-C AN A ANAA
SBC R N(rrx) 4 24 dst<-dst-src-C AAA AR
SBC r NN(rrx) 5 26 dst<-dst-src-C AAA AR
SBC R NN(rrx) 5 26 dst<-dst-src-C AAA AR
SBC r rr(rrx) 3 22 dst<-dst-src-C AAN AR
SBC r (rr)+ 3 16 dst<-dst-src-C L
rr<-rr+1
SBC R (rr)+ 3 16 dst<-dst-src-C AAANATA
rr<-rr+1
SBC r -(rr) 3 16 rr<-rr-1 AAAAqA
dst<-dst-src-C
SBC R ~(rr) 3 16 rr<-rr-1 AAAAqA
dst<-dst-src-C
SBC (r) r 3 10 dst<-dst-src-C ANAAAA
SBC (r) R 3 10 dst<-dst-src-C AAA AL
SBC (ir) r 3 18 dst<-dst-src-C AAA A A
SBC (rr) R 3 18 dst<-dst-src-C AN A A A
SBC (r)+ r 3 22 dst<-dst-src-C AR A A A
rr<-rr+1
SBC (rr)+ R 3 22 dst<-dst-src-C AAAAqA
rr<-rr+1
SBC NN r 4 20 dst<-dst-src-C AAANqA
SBC N(rrx) r 4 26 dst<-dst-src-C AR A A
SBC N(rrx) R 4 26 dst<-dst-src-C A AN AqA
SBC NN(rrx) r 5 28 dst<-dst-src-C A A A AqA
SBC NN(rrx) R 5 28 dst<-dst-src-C AN A AqA
SBC rr(rrx) r 3 24 dst<-dst-src-C AN A AgA
SBC -(m) r 3 22 fr<-rr-1 AR A A A
dst<-dst-src-C
SBC ~(rr) R 3 22 rr<-rr-1 AAAAqA
dst<-dst-src-C
SBC r #N 3 10 dst<-dst-src-C AAAANqRA
SBC R #N 3 10 dst<-dst-src-C AAA AR
SBC () #N 3 16 dst<-dst-src-C AN A AqA
SBC NN #N 5 24 dst<-dst-src-C AANANANAA
SBC (rr) (1) 3 20 dst<-dst-src-C A AN AR
SBC (RR) (rr) 3 20 dst<-dst-src-C AAAAqA
36/48 SGS-THOMSON
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INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes Sglce‘; Operation c ZFs'a%SD H
SBCW : Subtract word with carry
SBCW s m 2 10 dst<-dst-src-C AAAAD D9
SBCW RR RR 3 12 dst<-dst-src-C AAAAD?
SBCW m RR 3 12 dst<-dst-src-C AAAAND 9
SBCW RR r 3 12 dst<-dst-src-C AAAAD D
SBCW " (U] 3 14 dst<-dst-src-C AAAAND 9
SBCW RR (r) 3 14 dst<-dst-src-C AANARND D
SBCW m () 2 16 dst<-dst-src-C A A9 9
SBCW RR (r) 3 18 dst<-dst-src-C AAAND 9
SBCW s NN 4 22 dst<-dst-src-C AAANAND 9
SBCW r N(rrx) 4 28 dst<-dst-src-C AANANND 9
SBCW RR N(rrx) 4 28 dst<-dst-src-C AAAANQ 9
SBCW r NN(rrx) 5 30 dst<-dst-src-C AANND 9
SBCW RR NN(rrx) 5 30 dst<-dst-src-C AAAND 9
SBCW r rr(rrx) 3 26 dst<-dst-src-C AAAN D2
SBCW " (m+ 3 22 dst<-dst-src-C AAAAN9 9
r<-rr+2
SBCW RR (rr)+ 3 22 dst<-dst+src+C AAANAD D
rr<-rr+2
SBCW (g ~(rr) 3 24 rr<-r-2 AANANDG 9
dst<-dst-src-C
SBCW RR ~(rr) 3 24 rr<-rr-2 AAAANQ 9
dst<-dst-src-C
SBCW (r) " 3 14 dst<-dst-src-C ANAAND 92
SBCW ] RR 3 14 dst<-dst-src-C AAAAD 9
SBCW (rr) rr 2 30 dst<-dst-src-C AAAA D ?
SBCW (m RR 3 30 dst<-dst-src-C AAAA9 9
SBCW (m)+ " 3 32 dst<-dst-src-C AANANQ D
rr<-rr+2
SBCW (r)+ RR 3 32 dst<-dst-src-C AAAAND 9
r<-rr+2
SBCW NN s 4 32 dst<-dst-src-C ANAND?
SBCW N(rrx) " 4 38 dst<-dst-src-C AANAANTD?
SBCW N(rrx) RR 4 38 dst<-dst-src-C AAANQ D
SBCW NN(rrx) g 5 38 dst<-dst-src-C AANAAND D
SBCW NN(rrx) RR 5 38 dst<-dst-src-C AAAAg 9
SBCW rr(rrx) " 3 34 dst<-dst-src-C AAAAD 9
SBCW () " 3 32 fr<-1r-2 AAAAg 9
dst<-dst-src-C
SBCW ~(rr) RR 3 32 rr<-re-2 AAAAND 9
dst<-dst-src-C
SBCW r #NN 4 14 dst<-dst-src-C AAAAD 2
SBCW RR #NN 4 14 dst<-dst-src-C AN AND 2
SBCW (m) #NN 4 32 dst<-dst-src-C AAAA9 9
SBCW NN #NN 6 36 dst<-dst-src-C AAAND 9
SBCW N(rrx) #NN 5 36 dst<-dst-src-C AAAAD
SBCW NN(rrx) #NN 6 38 dst<-dst-src-C AAANANQ 9
SBCW (rr) (rr) 2 32 dst<-dst-src-C AAAAND D
‘_’l SGS-THOMSON 37/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
SCF : Set carry flag
SCF | | | 1+ ] 6 Jc<i [ 1-----
SDM : Set data memory
SDM | | | 1 | 6 | Set Data Memory ~ DP<-1 Note 1 | ------
SLA : Shift left arithmetic
r 2 6 dst C<-dst(7), dst (0)<-0 AAAAQ-
dst(n+1)<-dst(n)n=0-6
SLA R 3 10 " ! AAANQ .
(rr) 3 20 “ ” AAANA O -
SLAW : Shift word left arithmetic
s 2 10 C<-dst(15), dst (0)<-0 AAAA ..
dst(n+1)<-dst(n)n=1-14
SLAW RR 3 12 “ ’ AAAA
(rn) 2 32 “ " AAAA_
SPM : Set program memory
SPM | | | 1 | 6 | Set Program Memory DP<-0 Note 2 | ------
SPP : Set page pointer
SPP | I #N I 2 | 6 | Set Page Pointer | ------
SRA : Shift right arithmetic
SRA r 2 6 dst(7)<-dst(7), C<-dst(0) ANAAQA
dst(n)<-dst(n+1)n=0-6
SRA R 2 6 “ » AANAAQA
SRA (r) 2 6 « " AAAANQA
SRA (R) 2 6 “ " AAAAQA
SRAW : Shift word right arithmetic
dst(15)<-dst(15), C<-dst(0) AAAQ .
SRAW i 2 6 dst(n)<-dst(n+1)n=0-14 0
SRAW RR 2 8 B . AAAQ ..
Notes:

1 Following this instruction, all addressing modes referring to address spaces will refer to the Data Space.

2 Following this instruction, all addressing modes referring to address spaces will refer to the Program Space, except for the following instruc-
tions which operate with Dataspace mdependemli/:ol the setting of the DP flag :

PUSH(W)/PUSHU(W), POP(W)/POPU(W), PEA/PEAU, and CALL, RET, IRET and interrupt execution

(assuming the Stack Pointers are not pointing to the Register File).

38/48 - S
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INSTRUCTION SUMMARY (Continued)

Clock

Mnemo. dst src Bytes
v cycles

Operation

Flags
CZSVDH

SRP : Set register pointer

SRP | | #N | 2 | 6 |Set Register Pointer

SRPO : Set register pointer 0

sRPo | | o | 2 | 6 | setRegiterPointer0

SRP1 : Set register pointer 1

srP1 | | o | 2 | 6 [ setRegisterPointer1

E' SGS-THOMSON
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SIMNOYLITTECUIINY @,

NOSWOHL1-ShS I—Ly 8v/0t
vivivovy oIs-isp->isp 02 € (1) (byg) ans
vivivovy 2is-isp->isp 0z € (1) (1) ans
vivovuvy 215-15p->1sp vz S N# NN ans
vivuvuvy 218-}Sp->isp 9l € N# (1) ans
vivyvuvy Qis-Isp->isp [s]} € N# d ans
vivovovy 2IS-}Sp->Isp (o] € N# 1 ans

QIs-1Sp->isp
vivuvovoy L-li->11 44 € d ()- ans
01S-ISp->1sp
vivovuyy L-11->11 22 € 1 (1)- ans
vivovuvoy 0Is-Isp->1sp ve € 1 (xan)ua ans
vilbvuvuvy oIs-Jsp->Isp 82 S d (x1)NN ans
vivuvuvy 0Is-Jsp->Isp 82 S 1 (x:)NN ans
vivuvwvy 01s-}sp->Isp 9z 14 H (x1)N ans
vivuvuvy 218-1Sp->isp 92 4 1 ()N ans
vivuvouvy 218-}Sp->isp (or4 14 1 NN ans
L+->1
vivuvuvy 21S-Jsp->Isp 4 € d +(1) ans
L+->1
vivuvwvy 218-JSp->Isp 22 € 1 +(1) ans
vivuvwvy 21s-jsp->isp 8l € H (1) ans
vivuvuvy 2Is-jsp->Isp 8t € 1 (1) ans
vivuvuvy 21s-jsp->Isp (o] € H () ans
vivivuvy 0IS-JSp->Isp ]} € 1 () ans
0Is-1Sp->]Sp
vivivuv oy L-l->1 9l € (1)- d ans
01s-1Sp->1Sp
vivivuvy L-u->1 9l € (1)- 1 ans
L+l->11
vivuvuvy 01S-ISp->Isp 9l € "‘(“) d ans
L+A->11
vivuvuwvy 21s-jsp->isp 9l € +(1) 1 ans
vivyvouvy 2Is-isp->isp 22 € (xan)us 1 ans
vivovuvuy 21S-}Sp->Isp 9z S (x1)NN d ans
vivovuvy oIs-isp->isp 92 S (xu)NN 1 ans
vivuvuv v 2Is-isp->isp ¥2 14 (xu)N d ans
vivovovoy 01s-1Sp->1Sp v 14 (anN 1 ans
vivvvy QIs-1sp->Isp 8l 14 NN ] ans
vivivuy oy 218-JSp->isp 2t € (1) d ans
vivuvuvy 2us-isp->isp 2k € (1) 1 ans
vivuvuvy 21s-jsp->isp (o] € () d ans
vivivuvy o1s-Jsp->isp 9 2 () 1 ans
vivvvuy QIs-Isp->isp o] 8 € B H ans
vivvvuyw QlIs-jsp->isp 018 € H 1 ans
vivvvy Qls-jsp->Isp o] 8 € H < | ans
vivvuvy QIs-}sp->isp 9 2 4 4 ans
A11ed Jnoyim sajfq g jo uonoenqns : gns
H Gs%qsﬂz 9 uonelado izlzg’ salkg oIS 1sp ‘owaup

(penuiuoDd) AHYWINNS NOILONHLSNI
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
SUBW : Subtract words
SUBW " " 2 10 dst<-dst-src AAAADY
SUBW RR RR 3 12 dst<-dst-src AAANDY
susBw (s RR 3 12 dst<-dst-src AAAAD?
SUBW RR r 3 12 dst<-dst-src AAAADY
SUBW " (r) 3 14 dst<-dst-src AAAANDDY
SuUBW RR (r) 3 14 dst<-dst-src AAAAD9
SUBW " (rr) 2 16 dst<-dst-src AANAD2?
SUBW RR (rr) 3 18 dst<-dst-src AAAADY
SUBW " NN 4 22 dst<-dst-src AAAADD
SuBw " N(rrx) 4 28 dst<-dst-src AAAANDD
SuUBW RR N(rrx) 4 28 dst<-dst-src AAAANDDQ
SUBW " NN(rrx) 5 30 dst<-dst-src AANAAD?
SUBW RR NN(rrx) 5 30 dst<-dst-src AAAAD9
SuBwW (s rr(rrx) 3 26 dst<-dst-src AANANDD
SuBwW m (rr)+ 3 22 dst<-dst-src AANANANDD
rr<-rr+2
SuBw RR (r)+ 3 22 dst<-dst-src AAAANDD
r<-rr+2
SUBW rr -(rr) 3 24 fr<-rr-2 AANAAND9Q
dst<-dst-src
SUBW RR ~(rr) 3 24 Ir<-rr-2 AAANANDD
dst<-dst-src
SuBw U] rr 3 14 dst<-dst-src AAAADD
susw U] RR 3 14 dst<-dst-src A AN
SuBw (rr) " 2 30 dst<-dst-src AAAADD
SUBW (r) RR 3 30 dst<-dst-src AAAAQY
SuBwW (r)+ r 3 32 dst<-dst-src AAAANDD
rr<-rr+2
suBw (rr)+ RR 3 32 dst<-dst-src AAAANDDQ
r<-rr+2
suBw NN " 4 32 dst<-dst-src AAAANDD9
SuBw N(rrx) " 4 38 dst<-dst-src ANAANGD
SuBW N(rrx) RR 4 38 dst<-dst-src AAAA99
SUBW NN(rrx) r 5 38 dst<-dst-src AAAADD
SuBw NN(rrx) RR 5 38 dst<-dst-src AAAA99
SUBW re(rrx) " 3 34 dst<-dst-src AAAA99
SuBwW -(rr) r 3 32 rr<-rr-2 ANAANDD
dst<-dst-src
SuBw ~(rr) RR 3 32 Ir<-rr-2 AAAANDD
dst<-dst-src
SuUBwW " #NN 4 14 dst<-dst-src ANAAAND?
SuUBW RR #NN 4 14 dst<-dst-src AAAADT?
suBw () #NN 4 32 dst<-dst-src AN AA99
SUBW NN #NN 6 36 dst<-dst-src ANAADY
SuUBW N(rrx) #NN 5 36 dst<-dst-src AANANANDD
SUBW NN(rrx) #NN 6 38 dst<-dst-src AANANADQY
Susw (m) () 2 32 dst<-dst-src AAANDD
SWAP : Swap nibbles
SWAP r 2 8 dst(0-3)<—->dst(4-7) I
SWAP R 2 8 dst(0-3)<—->dst(4-7) 2087 - -
SWAP ) 2 8 dst(0-3)<—>dst(4-7) AN 7 L
SWAP (R) 2 8 dst(0-3)<—>dst(4-7) AN 9 L
Lyy SGS-THOMSON 41/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock " Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
TCM : Test and complement byte under mask
TCM r r 2 6 NOT dst AND src -AANQ - -
TCM R R 3 10 NOT dst AND src A
TCM r R 3 10 NOT dst AND src _AAQ - -
TCM R r 3 10 NOT dst AND src -AAQ - -
TCM r o 2 6 NOT dst AND src SAAQ -
TCM R G} 3 10 | NOT dst AND src SAAQ - -
TCM r (rr) 3 12 | NOT dst AND src SAAQ -
TCM R (r) 3 12 NOT dst AND src SAAQ - -
TCM r NN 4 18 NOT dst AND src SAAQ - .
TCM r N(rr) 4 24 | NOT dst AND src SAAQ - -
TCM R N(rrx) 4 24 | NOT dst AND src SANQ -
TCM r NN(rr) 5 26 | NOT dst AND src SAAQ -
TCM R NN(rrx) 5 26 | NOT dst AND src SAAQ .-
TCM r rr(rrx) 3 22 | NOT dstAND src SAAQ - -
TCM r (m)+ 3 16 | NOT dstAND src _AAQ - -
rr<-rr+1
TCM R (m)+ 3 16 | NOT dst AND src SAAQ -
' rr<-rr+1
TCM r ~(rr) 3 16 rr<-1r-1 SAANQ - -
NOT dst AND src
TCM R =(rr) 3 16 rr<-re-1 SAAD - -
NOT dst AND src
TCM (o] r 3 10 NOT dst AND src - AAQ - -
TCM (U] R 3 10 NOT dst AND src -AAQ - -
TCM (rr) r 3 18 | NOT dst AND src SAAQ - -
TCM (rr) R 3 18 NOT dst AND src -AAQ - -
TCM (rr)+ r 3 22 | NOT dstAND src SAAQ .-
rr<-rr+1
TCM™ (m)+ R 3 22 dst<-ds AND src N
rr<-rr+1
TCM NN r 4 20 NOT dst AND src - AAQ - -
TCM N(rrx) r 4 26 NOT dst AND src - AANQ - -
TCM N(rrx) R 4 26 NOT dst AND src - AAQ - -
ToM NN(rr) r 5 28 | NOT dst AND src SAAQ -
TCM NN(rrx) R 5 28 NOT dst AND src - AANQ - -
TCM rr(rrx) r 3 24 NOT dst AND src - AANQ - -
TCM -(rr) r 3 22 NOT dst AND src B
rr<-rr-1
TOoM (rr) R 3 22 | NOT dst AND src SAng -
rr<-rr-1
TCM r #N 3 10 NOT dst AND src - AAQ - -
TCM R #N 3 10 NOT dst AND src - AANQ - -
ToM (m #N '3 16 | NOT dst AND src AAgQ -
TCM NN #N 5 22 NOT dst AND src SAAQ - -
TCM () () 3 18 | NOT dst AND src SAAQ -
TCM (RR) (rr) 3 18 NOT dst AND src -AANQ - -
42/48 .
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes ;Iz:; ‘; Operation c stla%sD H
TCMW : Test and complement word under mask
TCMW m T 2 10 NOT dst AND src -AAN0 - -
TCMW RR RR 3 12 NOT dst AND src -AANQ - -
TCMW r RR 3 12 NOT dst AND src -AN0 - -
TCMW RR s 3 12 NOT dst AND src -ANO - -
TCMW (g () 3 14 NOT dst AND src - AAQ - -
TCMW RR (] 3 14 NOT dst AND src -AANQ - -
TCMW g (rr) 2 16 NOT dst AND src -ANO - -
TCMW RR (rr) 3 18 NOT dst AND src -ANQ - -
TCMW r NN 4 22 NOT dst AND src -ANM0 - -
TCMW rr N(rrx) 4 28 NOT dst AND src -AAQ - -
TCMW RR N(rrx) 4 28 NOT dst AND src -AANQ - -
TCMW rr NN(rrx) 5 30 NOT dst AND src -AA0 - -
TCMW RR NN(rrx) 5 30 NOT dst AND src -AAM0 - -
TCMW r rr(rrx) 3 26 NOT dst AND src -ArM0 - -
TCMW g (rr)+ 3 22 NOT dst AND src -AAND - -
rr<-rr+2
TCMW RR (rr)+ 3 22 NOT dst AND src -AMQ - -
mr<-rr+2
TCMW r -(rr) 3 24 r<-1r-2 -r~r0 - -
NOT dst AND src
TCMW RR -(rr) 3 24 rr<-r-2 -AAMQ - -
NOT dst AND src
TCMW (r) " 3 14 NOT dst AND src -AAQ - -
TCMW (r) RR 3 14 NOT dst AND src -AAM0 - -
TCMW (rr) rr 2 30 NOT dst AND src -ArM0 - -
TCMW (rr) RR 3 28 NOT dst AND src -AAND - -
TCMW (rr)+ r 3 30 NOT dst AND src -AAMQD - -
r<-1r+2
TCMW (rr)+ RR 3 30 NOT dst AND src - AAQ - -
mr<-rr+2
TCMW NN r 4 30 NOT dst AND src -Ar0 - -
TCMW N(rrx) r 4 36 NOT dst AND src -ANM0 - -
TCMW N(rrx) RR 4 36 NOT dst AND src -ANQ - -
TCMW NN(rrx) " 5 36 NOT dst AND src -ANO - -
TCMW NN(rrx) RR 5 36 NOT dst AND src -AAQD - -
TCMW rr(rrx) r 3 32 NOT dst AND src -A~r0 - -
TCMW -(rr) r 3 30 rr<-rr-2 -AAM0 - -
NOT dst AND src
TCMW -(rr) RR 3 30 rr<-r-2 - ANO - -
NOT dst AND src
TCMW 44 #NN 4 14 NOT dst AND src - AA0 - -
TCMW RR #NN 4 14 NOT dst AND src - AN - -
TCMW (rr) #NN 4 30 NOT dst AND src - AN - -
TCMW NN #NN 6 34 NOT dst AND src - AANQ - -
TCMW N(rrx) #NN 5 34 NOT dst AND src -AANQ - -
TCMW NN(rrx) #NN 6 36 NOT dst AND src -AANQ - -
TCMW (rr) (rr) 2 32 NOT dst AND src -AAMD - -
Lyy SGS-THOMSON 43/48
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ST9 - Software

INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation czs % DH
TM : Test byte under mask
™ r r 2 6 dst AND src -AAMD - -
™ R R 3 10 dst AND src -AAN0 - -
™ r R 3 10 dst AND src -AAND - -
™ R r 3 10 dst AND src -ANO - -
™ r (r) 2 6 dst AND src -AANQ - -
™ R (r) 3 10 dst AND src -AANQ - -
™ r (rr) 3 12 dst AND src -AANMOD - -
™ R (rr) 3 12 dst AND src -AAO - -
™ r NN 4 18 dst AND src -AANOD - -
™ r N(rrx) 4 24 dst AND src -AAD - -
™ R N(rrx) 4 24 dst AND src -AAM0 - -
™ r NN(rrx) 5 26 dst AND src -ANO - -
™ R NN(rrx) 5 26 dst AND src -AANO - -
™ r rr(rrx) 3 22 dst AND src -ANMO - -
™ r (rr)+ 3 16 dst AND src -ANM0 - -
rr<-rr+1
™ R (rr)+ 3 16 dst AND -src -Ar0 - -
rr<-rr+1
™ r ~(rr) 3 16 rr<-rr-1 -AANOD - -
dst AND src
™ R -(rr) 3 16 rr<-rr-1 - AANQ - -
dst AND src
™ (r) r 3 10 dst AND src -AAD - -
™ (r) R 3 10 dst AND src -AANQ - -
™ (rr) r 3 18 dst AND src -AA0 - -
™ (rr) R 3 18 dst AND src -AA0 - -
™ (rr)+ r 3 22 dst AND src - AANQ - -
rr<-rr+1
™ (rr)+ R 3 22 dst AND src - AMAQ - -
rr<-rr+1
™ NN r 4 20 dst AND src -AAN0 - -
™ N(rrx) r 4 26 dst AND src -AAO - -
™ N(rrx) R 4 26 dst AND src -AAQ - -
™ NN(rrx) r 5 28 dst AND src -AAQ - -
™ NN(rrx) R 5 28 dst AND src -AANQ - -
™ rr(rrx) r 3 24 dst AND src -AANQD - -
™ -(rr) r 3 22 re->rr-1 - AN - -
dst AND src
™ -(rm) R 3 22 rr->rr-1 SAAD - -
dst AND src
™ r #N 3 10 dst AND src - AAMO - -
™ R #N 3 10 dst AND src -AANQD - -
™ (rr) #N 3 16 dst AND src - AAND - -
™ NN #N 5 22 dst AND src -AAN0 - -
™ (rr) (r) 3 18 dst AND src -AANQD - -
™ (RR) (rr) 3 18 dst AND src - AAQ - -
44/48 .
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INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst src Bytes cycles Operation CZSVDH
TMW : Test word under mask
™W s rr 2 10 dst AND src - AN Q - -
T™MW RR RR 3 12 dst AND src -AAND - -
™MW " RR 3 12 dst AND src -AAND - -
TMW RR " 3 12 dst AND src -AAN0 - -
T™MW " (n 3 14 dst AND src -ANM0 - -
TMW RR (n 3 14 dst AND src -AANQD - -
TMW " (rr) 2 16 dst AND src -AMOD - -
T™MW RR (rr) 3 18 dst AND src -ANMO0 - -
TMW s NN 4 22 dst AND src -AAND - -
TMW s N(rrx) 4 28 dst AND src -AAND - -
TMW RR N(rrx) 4 28 dst AND src -AN0 - -
TMW rr NN(rrx) 5 30 dst AND src -AMOD - -
T™MW RR NN(rrx) 5 30 dst AND src -AAND - -
T™W r rr(rrx) 3 26 dst AND src -AAMO - -
TMW " (rr)+ 3 22 dst AND src -ANO - -
rr<-rr+2
TMW RR (rr)+ 3 22 dst AND src -ArM0 - -
rr<-rr+2
T™MW r -(rr) 3 24 rr<-rr-2 -AMA0 - -
dst AND src
TMW RR -(rr) 3 24 rr<-rr-2 -AAMQ - -
dst AND src
T™MW ) s 3 14 dst AND src -AAQD - -
TMW (r) RR 3 14 dst AND src - AANO - -
T™MW (rr) r 2 28 dst AND src - AAQ - -
TMW (rr) RR 3 28 dst AND src - AN - -
T™MW (rr)+ m 3 30 dst AND src -AAN0 - -
rr<-rr+2
TMW (rr)+ RR 3 30 dst AND src -AANO0 - -
rr<-rr+2
T™MW NN " 4 30 dst AND src - AAND - -
T™MW N(rrx) m 4 36 dst AND src -AANO - -
T™W N(rrx) RR 4 36 dst AND src =AM 0 - -
T™MW NN(rrx) r 5 36 dst AND src -AAN0 - -
TMW NN(rrx) RR 5 36 dst AND src -AAM0 - -
T™MW rr(rrx) " 3 32 dst AND src -AANO - -
T™MW -(rr) g 3 30 rr<-rr-2 -ANQ - -
dst AND src
™MW -(rr) RR 3 30 rr<-rr-2 -AA0 - -
dst AND src
TMW s #NN 4 14 dst AND src -ANMQ - -
TMW RR #NN 4 14 dst AND src -AAND - -
TMW (rr) #NN 4 30 dst AND src -AAD - -
T™MW NN #NN 6 34 dst AND src - AN - -
T™MW N(rrx) #NN 5 34 dst AND src -AM0 - -
™MW NN(rrx) #NN 6 36 dst AND src AN 0 - -
TMW (rr) (rr) 2 32 dst AND src -AAND - -
WFI : Wait for Interrupt
WFI | 2 | 18 wait forinterrupt =~ [ - - - - - -

‘7—1 SGS-THOMSON
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INSTRUCTION SUMMARY (Continued)

Clock . Flags
Mnemo. dst sre Bytes cycles Operation cCzsSVD
XCH : Exchange Register
XCH r r 3 12 dst <-> src - - - -
XCH R R 3 12 dst <-> src - - - -
XCH r r 3 12 dst <-> src - - - -
XCH R R 3 12 dst <-> src - - - -
XOR : Logical exclusive OR
XOR r r 2 6 dst<-dst XOR src =AM 0
XOR R R 3 10 dst<-dst XOR src ER A ]
XOR r R 3 10 dst<-dst XOR src =AM
XOR R r 3 10 dst<-dst XOR src -AAND
XOR r n 2 6 dst<-dst XOR src - A N0
XOR R ) 3 10 dst<-dst XOR src -AM0
XOR r (rr) 3 12 dst<-dst XOR src -ANM0
XOR R (rr) 3 12 dst<-dst XOR src -AM0
XOR r NN 4 18 dst<-dst XOR src -AAND
XOR r N(rrx) 4 24 dst<-dst XOR src -AAr0
XOR R N(rrx) 4 24 dst<-dst XOR src -AAr0
XOR r NN(rrx) 5 26 dst<-dst XOR src -AM0
XOR R NN(rrx) 5 26 dst<-dst XOR src - AN Q
XOR r rr(rrx) 3 22 dst<-dst XOR src -ANQ
XOR r (rr)+ 3 16 dst<-dst XOR src - AN
re->rr+1
XOR R (rr)+ 3 16 dst<-dst XOR src -AA0
rr->rr+1
XOR r -(rr) 3 16 re->rr-1 LA ]
dst<-dst XOR src
XOR R -(rr) 3 16 rr->rr-1 -AND
dst<-dst XOR src
XOR (n r 3 10 dst<-dst XOR src -AM0
XOR n R 3 10 dst<-dst XOR src -AN0
XOR (rr) r 3 18 dst<-dst XOR src -AN0
XOR (rr) R 3 18 dst<-dst XOR src -AANQ
XOR (rr)+ r 3 22 dst<-dst XOR src -AAD
rr->rr+1
XOR (rr)+ R 3 22 dst<-dst XOR src -AM0
r->rr+1
XOR NN r 4 20 dst<-dst XOR src -AN0
XOR N(rrx) r 4 26 dst<-dst XOR src -AMD
XOR N(rrx) R 4 26 dst<-dst XOR src -AAD0
XOR NN(rrx) r 5 28 dst<-dst XOR src -AN0
XOR NN(rrx) R 5 28 dst<-dst XOR src -AM0
XOR rr(rrx) r 3 24 dst<-dst XOR src =AM
XOR ~(rr) r 3 22 rr->rr-1 -AN0
dst<-dst XOR src
XOR ~(rr) R 3 22 rr->rr-1 - A A0
dst<-dst XOR src
XOR r #N 3 10 dst<-dst XOR src -AN0
XOR R #N 3 10 dst<-dst XOR src -AND
XOR (rr) #N 3 16 dst<-dst XOR src - AN
XOR NN #N 5 24 dst<-dst XOR src - AN
XOR (rr) (rr) 3 20 dst<-dst XOR src - AN
XOR (RR) (rr) 3 20 dst<-dst XOR src -AAD
46/48 x
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INSTRUCTION SUMMARY (Continued)

Mnemo. dst src Bytes f;g; ks Operation c ZFsIa%sD H
XORW : Logical exclusive OR between words
XORW r g 2 10 dst<-dst XOR src -hArM0 - -
XORW RR RR 3 12 dst<-dst XOR src -AMA0 - -
XORW 14 RR 3 12 dst<-dst XOR src -AAD - -
XORW RR r 3 12 dst<-dst XOR src -AA0 - -
XORW 4 (r) 3 14 dst<-dst XOR src -AANO - -
XORW RR (r) 3 14 dst<-dst XOR src -ANO - -
XORW g (rr) 2 16 dst<-dst XOR src -AM0 - -
XORW RR (rr) 3 18 dst<-dst XOR src -ANO - -
XORW 14 NN 4 22 dst<-dst XOR src - AAND - -
XORW rw N(rrx) 4 28 dst<-dst XOR src -AM0 - -
XORW RR N(rrx) 4 28 dst<-dst XOR src -AAN0 - -
XORW g NN(rrx) 5 30 dst<-dst XOR src -AAN0 - -
XORW RR NN(rrx) 5 30 dst<-dst XOR src EEA ¢ B
XORW r rr(rrx) 3 26 dst<-dst XOR src -ANO - -
XORW 14 (rr)+ 3 22 dst<-dst XOR src -AAND - -
rr<-rr+2
XORW RR (rr)+ 3 22 dst<-dst XOR src -AM0 - -
m<-rr+2
XORW r -(rm) 3 24 rr<-rr-2 -ANQD - -
dst<-dst XOR src
XORW RR -(rr) 3 24 rr<-rr-2 -ANQ - -
dst<-dst XOR src
XORW (r) r 3 14 dst<-dst XOR src -AM0 - -
XORW (r) RR 3 14 dst<-dst XOR src -ANO - -
XORW (rr) " 2 30 dst<-dst XOR src -ANO - -
XORW (rr) RR 3 30 dst<-dst XOR src -AND - -
XORW (rr)+ m 3 32 dst<-dst XOR src -AA0 - -
rr<-rr+2
XORW (rr)+ RR 3 32 dst<-dst XOR src -r~rM0 - -
r<-rr+2
XORW NN r 4 32 dst<-dst XOR src -AAMO - -
XORW N(rrx) " 4 38 dst<-dst XOR src -AAQD - -
XORW N(rrx) RR 4 38 dst<-dst XOR src -AMO - -
XORW NN(rrx) r 5 38 dst<-dst XOR src -AMO0 - -
XORW NN(rrx) RR 5 38 dst<-dst XOR src -AMO - -
XORW rr(rrx) g 3 34 dst<-dst XOR src -rr0 - -
XORW -(rr) s 3 32 r<-rr-2 -AMAO - -
dst<-dst XOR src
XORW -(rr) RR 3 32 rr<-rr-2 -AAMD - -
dst<-dst XOR src
XORW (4 #NN 4 14 dst<-dst XOR src -r~rM0 - -
XORW RR #NN 4 14 dst<-dst XOR src -AA0D - -
XORW (rr) #NN 4 32 dst<-dst XOR src -AN0 - -
XORW NN #NN 6 36 dst<-dst XOR src -AArM0 - -
XORW N(rrx) #NN 5 36 dst<-dst XOR src =AM 0 - -
XORW NN(rrx) #NN 6 38 dst<-dst XOR src -AAM0 - -
XORW (rr) (rr) 2 32 dst<-dst XOR src -ArM0 - -
L7, S5S-THOMSON 47148
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SALES OFFICES

EUROPE

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel (45-44)94 8533
Telex 35411

Telefax (45-44) 948694

FINLAND

LOHJA SF-08150
Ratakatu, 26

Tel (358-12) 155.11
Telefax (358-12) 155 66

FRANCE

94253 GENTILLY Cedex

7 - avenue Gallien: - BP. 93
Tel (33-1)47 407575
Telex 632570 STMHQ
Telefax (33-1) 47 4079 10

67000 STRASBOURG
20, Place des Halles

Tel (33-88) 75 50 66
Telefax (33-88) 22 29 32

GERMANY

85630 GRASBRUNN
Bretonischer Ring 4
Postfach 1122

Tel. (49-89) 460060
Telefax (49-89) 4605454
Teletex 897107=STDISTR

60327 FRANKFURT
Gutleutstrasse 322

Tel (49-69) 237492-3
Telefax' (49-69) 231957
Teletex 6997689=STVBF

30695 HANNOVER 51
Rotenburger Strasse 28A
Tel (49-511) 615960-3
Teletex 5118418 CSFBEH
Telefax (49-511) 6151243

90491 NURNBERG 20
Erlenstegenstrasse, 72
Tel (49-911)59893-0
Telefax (49-911) 5980701

70499 STUTTGART 31
Mittlerer Pfad 2-4

Tel (49-711) 13968-0
Telefax (49-711) 8661427

ITALY

20090 ASSAGO (MI)

Vle Milanofiori - Strada 4 - Palazzo A/4/A
Tel (39-2) 57546 1 (10 Iinee)

Telex 330131 - 330141 SGSAGR
Telefax. (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
ViaR Fucini, 12

Tel (39-51) 593029

Telex 512442

Telefax (39-51) 591305

00161 ROMA

Via A. Torlonia, 15

Tel (39-6) 8443341
Telex 620653 SGSATE |
Telefax (39-6) 8444474

NETHERLANDS

5652 AR EINDHOVEN
Meerenakkerweg 1

Tel (31-40) 550015
Telex 51186

Telefax (31-40) 528835

SPAIN

08004 BARCELONA

Calle Gran Via Corts Catalanes, 322
6™ Floor, 2" Door

Tel (34-3) 4251800

Telefax (34-3) 4253674

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex 46033 TCCEE
Telefax. (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfiordsgatan, 13 - Box 1094
Tel (46-8) 7939220

Telex 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)
Chemin Francois-Lehmann, 18/A

Tel (41-22) 7986462

Telex 415493 STM CH

Telefax (41-22) 7984869

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel (44- 628) 890800
Telex 8474

Telefax (44- 628) 890391




SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R Hennque Schaumann 286-CJ33
Tel (55-11) 883-5455

Telex (391)11-37988 “UMBR BR"
Telefax (55-11) 282-2367

CANADA

NEPEAN ONTARIO K2H 9C4
301 Moodie Drive Suite 307
Tel (613) 829-9944

Telefax (613) 829-8998

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
55 Old Bedford Road

Lincoln, MA 01773

Tel (617) 259-0300

Telefax (617) 259-4421

SALES COVERAGE BY STATE

ALABAMA
Huntsville - Tel (205) 533-5995
Fax (205) 533-9320

ARIZONA
Phoenix - Tel (602) 867-6217
Fax (602) 867-6200

CALIFORNIA

Santa Ana - Tel (714) 957-6018
Fax (714) 957-3281

San Jose - Tel (408) 452-8585
Fax (452) 1549

COLORADO
Boulder - Tel (303) 449-9000
Fax (303) 449-9505

FLORIDA
Boca Raton - Tel (407) 997-7233
Fax (407)997-7554

GEORGIA
Norcross - Tel (404) 242-7444
Fax (404) 368-9439

ILLINOIS
Schaumburg - Tel  (708) 517-1890
Fax (708) 517-1899

INDIANA

Kokomo - Tel (317) 455-3500
Fax (317) 455-3400

Indianapolis - Tel  (317) 575-5520
Fax. (317) 575-8211

MICHIGAN
Livonia - Tel'é313 953-1700
Fax. (313) 462-4071

MINNESOTA
Bloomington - Tel  (612) 944-0098
Fax (612) 944-0133

NORTH CAROLINA
Cary - Tel (919) 469-1311
Fax (919) 469-4515

NEW JERSEY
Voorhees - Tel (609) 772-6222
Fax (609) 772-6037

NEW YORK
Poughkeepste - Tel : (914) 454-8813
Fax: (914) 454-1320

OREGON
Lake Oswego - Tel (503) 635-7650

TENNESSEE
Knoxville - Tel (615) 524-6239

TEXAS

Austin - Tel (512) 502-3020
Fax (512) 346-6260

Carroliton - Tel (214) 466-8844
Fax (214) 466-8130

Houston- Tel (713)376-9936
Fax (713) 376-9948

FOR RF AND MICROWAVE
$OWI'ER TRANSISTORS CON-

AC
THE FOLLOWING REGIONAL
OFFICE IN THE U.S.A.

PENNSYLVANIA
Montgomeryville - Tel (215) 361-6400
Fax (215) 361-1293

ASIA / PACIFIC

AUSTRALIA

NSW 2220 HURTSVILLE
Surte 3, Level 7, Otis House
43 Bridge Street

Tel (61-2) 5803811

Telefax (61-2) 5806440

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen's Road East

Tel (852) 8615788

Telex 60955 ESGIES HX
Telefax (852) 8656589

INDIA

NEW DELHI 110019

Liaison Office

3rd Floor, F-Block

International Trade Tower
Nehru Place

Tel (91-11) 644-5928/647-9415
Telex 031-70193 STMI IN
Telefax (91-11) 6443054

MALAYSIA

SELANGOR, PETALING JAYA 46200
Unit BM-10

PJ Industrial Park

Jalan Kemajuan 12/18

Tel (03) 758 1189

Telefax (03) 758 1179

PULAU PINANG 10400

4th Floor - Suite 4-03

Bangunan FOP-123D Jalan Anson
Tel (04) 379735

Telefax (04) 379816

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 553-0399
Telex. SGSKOR K29998
Telefax (82-2) 552-1051

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel. (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

TAIWAN

TAIPEI

11th Floor

105, Section 2 Tun Hua South Road
Tel (886-2) 755-4111

Telex 10310 ESGIE TW

Telefax (886-2) 755-4008

THAILAND

BANGKOK 10110

54 Asoke Road
Sukhumwit 21

Tel (662) 260 7870
Telefax (662) 260 7871

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 3280-4121
Telefax (81-3) 3280-4131
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