
























































































































































































































































































































































































































ST9036 

Figure 2. 68 Pin PLCC Package 
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Table 2. ST9036C 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/T11NA 42 P71/SOUT 59 AVoo 

63 P56 12 P33/TOOUTB P72/CLKOUT 58 P47/AIN7 

PSS 
41 

/TXCLK!INT4 64 13 P32/TOINB 57 P46/AIN6 

65 P54 14 P31/TOOUTA P73/ADTRG 56 P45/AIN5 
40 

/RXCLK!INT5 66 INT7 15 P30/P/D/TOINA 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 P76/WDOUT 52 P40/AINO 

P51 
37 

/BUSREQ 2 19 P14/A12 51 P27/RRDY5 

3 P50 20 P13/A11 P77/WDIN P26/INT3 
OSCOUT 

36 
/BUSACK 

50 
/RDSTBS/PiD 4 21 P12/A10 

5 Vss 22 P11/A9 35 R/W 49 P25/WRRDY5 

6 OSCIN 23 P10/A8 34 OS P24/INT1 
48 

/WRSTB5 7 RESET 24 POD/AD/DO 33 AS 

8 P37/T10UTB 25 P01/A1/D1 32 Voo 47 P23/SDO 

9 P36/T11NB 26 P02/A2/D2 31 P07/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 

---------------------------- �~�~�~�~�~�~�~�~�~� 
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Figure 1 b. 56 Pin Shrink DIP Pinout 

1 
2 
3 

26 
27 
28 

56 
55 
54 

31 
30 
29 

VROA1740 

Table 3. ST9036B Pin Description 

Pin Pin name Pin Pin name 

1 P42/AIN2 56 P41/AIN1 

2 P43/AIN3 55 P40/AINO 

3 P45/AIN5 54 P23/SDO 

4 P46/AIN6 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/SOUT 

9 P57 

10 P56 
48 

P72/CLKOUT 
TXCLK!INT4 

11 P55 

12 P54 

13 P53 

47 
P73/ADTRG 
RXCLK/INT5 

46 P76WCOJTA3"""LBREC 

14 P52 
45 P?ZWDINIBUSACK 

15 OSCOUT 
44 R/W 

16 Vss 
43 DS 

17 OSCIN 
42 AS 

18 RESET 
41 Voo 

19 P37/T10UTB 
40 Vss 

20 P36/T11NB 
39 P07/A7/D7 

21 NC 
38 P06/A6/D6 

22 P35/T10UTA 
37 P05/A5/D5 

23 P34/T11NA 
36 P04/A4/D4 

24 P33/TOOUTB 
35 P03/A3/D3 

25 P32/TOINB 
34 P02iA2/D2 

26 P31/TOOUTA 
33 P01/A1/D1 

27 P30/P/D/TOINA 
32 PDD1AO/DO 

28 P13/A11 
31 P10/A8 

30 P11/A9 

29 P12/A10 

1.1 GENERAL DESCRIPTION 

The ST9036 is a ROM member of the ST9 family of 
microcontrollers. completely developed and pro­
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 

The ST9036 EPROM peripheral and functional ac­
tions are 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 
DA TASHEET OF THE ST9030 ROM-BASED DE­
VICE FOR FURTHER DETAILS. 

The nucleus of the ST9036 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, 12C-bus and 1M-bus Interface, plus two 8 
bit 1/0 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 power­
ful 1/0 capabilities demanded by microcontroller 
applications are fulfilled by the ST9036 with up to 
56 1/0 lines dedicated to digital Input/Output. 
These lines are grouped into up to seven 8 bit 1/0 
Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
an address/data bus for interfacing external mem­
ory, timer inputs and outputs, analog inputs, exter­
nal interrupts and serial or parallel 1/0 with or 
without handshake. 
Three basic memory spaces are available to support 
this wide range of configurations: Program Memory 
(internal and external), Data Memory (internal and ex­
ternal) 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 lor each timer. In addition there is 
an 8 channel Analog to Digital Converter with inte­
gral sample and hold, last 11 ~s conversion time 
and 8 bit resolution. An Analog Watchdog feature 
is included for two input channels. 

Completing the device is a full duplex Serial Com­
munications Interface with an integral 11 0 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. 

_41_1_2 _____________ ~ ~~~;~~::~~~ 
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1.2 PIN DESCRIPTION 

AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the be9l!!.: 
ning of each memory cycle. The rising ed.Q? of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program .2!:... data 
memory transfers. Under program control, AS can 
be placed in a high-impedanc~tate alo!!fl 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 
OS. During a read cycle_,_Qata In must be valid prior 
to the trailing edge of D§,__ When the ST9036 ac­
cesses on-chip memory, DS is held high during the 
whole memory cycle. It can be placed l!!._a high i!!!­
pedance state along with Port 0, Port 1 , AS and 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, AS and 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 DOh and 01 h. 

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

Figure 3. ST9036 Block Diagram 

ST9036 

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. 

AVoo. Analog Voo of the Analog to Digital Converter. 
AVss. Analog Vss of the Analog to Digital Con­
verter. Must be tied to Vss. 

Voo. Main Power Supply Voltage (5V ± 1 0%) 

Vss. Digital Circuit Ground. 

PO.O-PO. 7, P1.0-P1. 7, P2.0-P2. 7 P3.0-P3. 7, P4.0· 
P4.7, P5.0-P5.7, P7.0-P7.7 110 Port Lines (In­
put/Output, TTL or CMOS compatible). 56 lines 
grouped into 1/0 ports of 8 bits, bit programmable 
under program control as general purpose 1/0 or 
as alternate functions. 

1.2.1 1/0 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 
1/0 Port pins and a summary of packages for which 
they are available. 

VROH1385 
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PIN DESCRIPTION (Continued) 

Table 4. ST9036 1/0 Port Alternate Function Summary 

1/0 PORT Name Function Alternate Function Pin Assignment 

Port. bit PLCC PQFP PSDIP 

PO.O AO/DO 1/0 Address/Data bit 0 mux 24 39 32 

P0.1 A1/D1 1/0 Address/Data bit 1 mux 25 40 33 

P0.2 A2/D2 1/0 Address/Data bit 2 mux 26 41 34 

P0.3 A3/D3 1/0 Address/Data bit 3 mux 27 42 35 

P0.4 A4/D4 1/0 Address/Data bit 4 mux 28 43 36 

P0.5 A5/D5 1/0 Address/Data bit 5 mux 29 44 37 

P0.6 A6/D6 1/0 Address/Data bit 6 mux 30 45 38 

PO.? A7/D7 1/0 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 0 Address bit 10 21 36 29 

P1.3 A11 0 Address bit 11 20 35 28 

P1.4 A12 0 Address bit 12 19 34 

P1.5 A13 0 Address bit 13 18 33 

P1.6 A14 0 Address bit 14 17 31 

P1.7 A15 0 Address bit 15 16 30 

P2.0 NMI I Non-Maskable Interrupt 44 64 51 

P2.0 ROM less I ROM less Select (Mask option) 44 64 51 

P2.1 P/D 0 Program/Data Space Select 45 65 

P2.1 SOl I SPI Serial Data Out 45 65 52 

P2.2 INT2 I External Interrupt 2 46 66 53 

P2.2 SCK 0 SPI Serial Clock 46 66 53 

P2.3 SDO 0 SPI Serial Data In 47 67 54 

P2.4 INT1 I 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 I 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 

P2.7 RDRDY5 0 Handshake Read Ready P5 51 71 

P3.0 TOlNA I MF Trmer 0 Input A 15 29 27 

P3.0 P/D 0 Program/Data Space Select 15 29 27 

P3.1 TOOUTA 0 MF Timer 0 Output A 14 28 26 

P3.2 TOINB I MF Timer 0 Input B 13 27 25 

P3.3 TOOUTB 0 MF Timer 0 Output B 12 26 24 

P3.4 T11NA I MF Timer 1 Input A 11 25 23 

.::...6/.::...12:..__ __________ ID SGS·THDMSON 
'I lo I'IDI!:IR@~~~C:ITIJII@ifJ[{(:~ 
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PIN DESCRIPTION (Continued) 

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

1/0 PORT Name Function Alternate Function 

Port. bit 

P3.5 T10UTA 0 MF Timer 1 Output A 

P3.6 T11NB I MF T1mer 1 Input B 

P3.7 T10UTB 0 MF Timer 1 Output B 

P4.0 AI NO I AID Analog Input 0 

P4.1 AIN1 I AID Analog Input 1 

P4.2 AIN2 I AID Analog Input 2 

P4.3 AIN3 I AID Analog Input 3 

P4.4 AIN4 I AID Analog Input 4 

P4.5 AIN5 I AID Analog Input 5 

P4.6 AIN6 I AID Analog Input 6 

P4.7 A IN? I AID Analog Input 7 

P5.0 l/0 1/0 Handshake Port 5 

P5.1 1/0 1/0 Handshake Port 5 

P5.2 1/0 1/0 Handshake Port 5 

P5.3 1/0 1/0 Handshake Port 5 

P5.4 l/0 1/0 Handshake Port 5 

P5.5 1/0 1/0 Handshake Port 5 

P5.6 1/0 1/0 Handshake Port 5 

P5.7 1/0 1/0 Handshake Port 5 

P7.0 SIN I SCI Serial Input 

P7.1 SOUT 0 SCI Serial Output 

P7.1 ROM less I ROM less Select (Mask option) 

P7.2 INT4 I External Interrupt 4 

P7.2 TXCLK I SCI Transmit Clock Input 

P7.2 CLKOUT 0 SCI Byte Sync Clock Output 

P7.3 INT5 I External Interrupt 5 

P7.3 RXCLK I SCI Receive Clock Input 

P7.3 ADTRG I AID Conversion Trigger 

P7.4 INT6 I External Interrupt 6 

P7.4 P/D 0 Prograrn/Data Space Select 

P7.5 WAIT I External Wait Input 

P7.6 WDOUT 0 T/WD Output 

P7.6 BUSREQ I External Bus Request 

P7.7 WDIN I T/WD Input 

P7.7 BUSACK 0 External Bus Acknowledge 

r== SCiS·THOMSON --------------- A.""//. lilil\ic:~@~~·~[jliiJI';~ 

ST9036 

Pin Assignment 

PLCC PQFP PSDIP 

10 24 22 

9 23 20 

8 22 19 

52 72 55 

53 73 56 

54 74 1 

55 75 2 

61 4 8 

56 76 3 

57 77 4 

58 78 5 

3 15 

2 14 

1 13 14 

68 11 13 

65 8 12 

64 7 11 

63 6 10 

62 5 9 

43 61 50 

42 60 49 

42 60 49 

41 59 48 

41 59 48 

41 59 48 

40 58 47 

40 58 47 

40 58 47 

39 57 

39 57 

38 56 

37 55 46 

37 55 46 

36 54 45 

36 54 45 

7/12 
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1.3MEMORY 

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 

65535 FFFF 

16384 -1FFF 

ROM 

0000 ---- -· 0000 
INTERNAL EXTERNAL 

PROGRAM SPACE 

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
terQ_al decoding of the Program/Data select pin 
(P/D) available as an Alternate function output, al­
lowing the fuii127.5K byte memory 

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

65535 FFFF 

768 L 02FF RAM 
512 I NOT 

------ 01FF 

0000 
ACCESS'BLE 

0000 
INTERNAL -EX'fEFlNAL-

DATA SPACE 
VR01996G 

8/12 -------------- I:U ~~~;~~=~~~ 
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ST9036 

AC ELECTRICAL CHARACTERISTICS 
(Voo = 5V ± 1 0% T A =- 40 ac to + 85°C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

Run Mode Current 
leo no CPUCLK prescale, 24MHz, Note 1 50 rnA 

Clock divide by 2 

Run Mode Current 
lop2 Prescale by 2 24MHz, Note 1 30 rnA 

Clock divide by 2 

WFI Mode Current 
IWFI no CPUCLK prescale, 24M Hz, Note 1 20 rnA 

Clock divide by 2 

IHALT HALT Mode Current 24MHz, Note 1 100 !!A 

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

9/12 
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68-Pin Plastic Leadless Chip Carrier 

Dim. mm Inches 
Min Typ Max Min Typ Max 

A 4.20 508 0.165 0 200 

("""'~"'·! 8~h 
A1 0.51 0.020 

=·-===!m A3 229 330 0.090 0130 

B 
~ ---~-- T 81 

I" 

·~I 
D 25 02 25 27 0 985 0995 ,. 

I~ II II 01 2413 24 33 0.950 0958 

~:jii Jl 03 20 32 0 800 
E 25 02 25 27 0.985 0995 

II tl E1 2413 24 33 0950 0 958 L~ __ _j 
~ 

E3 2032 0 800 
K1 

i---E3--I h 
E1 e 127 0.050 A3 
E Number of Pins 

A 
N 64 

VR0015J4 ND 16 
NE 16 

56-Pin Plastic Shrink Dual-In-line Package, 600 Mil Width 

D1m. mm mches 

§ 
M1n Typ Max Min Typ Max 

I 
A 508 0200 

K2T J. A I A1 0.51 0020 

~~iiTITITIT B 0.35 059 0 014 0.023 
A1' L I 

B1 0 75 142 0 030 0056 
B.!_ B _el c 020 036 0 008 0 014 

..Q.1_ .Ql !--
D 52.12 2052 - D 01 - - - - - -

sa-
E 1854 0730 

E1 13 72 0.540 

K1 - - - - - -
K2 - - - - - -
L 254 381 100 0150 

e1 1 78 0 070 
1 N/2 VR001725 

Number of Pins 

N 56 

ORDERING INFORMATION 

Sales Type Frequency Temperature Range Package 

ST9036Q1/XX PQFPBD 

ST9036C1/XX O"C to + 70°C PLCC68 

ST9036B1iXX 24M Hz PSDIP56 

ST9036C6/XX PLCC68 
-40°C to + 85°C 

ST9036B6/XX PSDJP56 

Note: "XX"1s the ROM code 1dent1f1er that IS allocated by SGS-THOMSON after rece1pt of all reqUired opt1ons and the related ROM f1le. 

_10_11_2 ____________ LW. ~~~::~~~ 
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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 : [ ......................................................... ] 
Company Address : L ............................................................. ] 

[ ............................................................. ] 
Telephone: [ ....................... ] 
FAX: [ ......................... ] 
Contact: [ ....................... J Telephone (Direct) : L ....................... J 

Please confirm characteristics of device : 

Device ST9036 

Package ] PQFPBO ] PLCC68 [ ] PSDIP56 

Temperature Range 

Special Marking ] No 

l Yes 14 characters I I I I I I I I I I I I I I l 
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) 

Code: 

[ ] No 

[ ] Yes Port Bit [ ] P7.1 [ ] P2.0 

] EPROM (27128, 27256) 

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

Confirmation : ] Code checked with EPROM device in application 

Yearly Quantity forecast : L .................... ] k units 

- for a period of : [ .......................... J years 

Preferred Production start dates : [ ..................... J (YY/MM/DD) 

Customer Signature : 

Date: 

-------------------------- ~~~~~~:~n 11/12 
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NOTES: 

12/12 ~ SliS·ntDMSON ___________ _ 
._ 'Y J. l'iilllU:Ii!!!lall:!:rriJII©;CKJOO:~ 
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ST9040 
16K ROM HCMOS MCU 

WITH EEPROM, RAM AND AID 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 ST90408 

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

• Up to 56 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 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 

PQFPSO 

0 
~ 
PLCC68 

PSDIP56 

(Ordering Information at the end of the Datasheet) 

1/57 
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ST9040 

Figure 1. 80 Pin PQFP Package 

1 
2 
3 

24 

80 

25 

Table 1. ST9040Q Pin Description 

Pin Name Pin Name 

1 AVss 25 P34/T11NA 

2 AVss 26 P33/TOOUTB 

3 NC 27 P32/TOINB 

4 P44/AIN4 28 P31/TOOUTA 

5 P57 29 P30/P/D/TOJNA 

6 P56 30 A15 

7 P55 31 A14 

8 P54 32 NC 

9 I NT? 33 A13 

10 INTO 34 A12 

11 P53 35 A11 

12 NC 36 A10 

13 P52 37 A9 

14 P51 38 A8 

15 P50 39 POO/A0/00 

16 OSCOUT 40 P01/A1/D1 

17 Vss 

18 Vss 

19 NC 

20 OSCIN 

21 RESET 

22 P37/T10UTB 

23 P36/T11NB 

24 P351T10UTA 

65 

64 

41 

40 

VROA1549 

Pin Name 

64 P20/NMI 

63 NC 

62 Vss 

61 P70/SIN 

60 P71/SOUT 

59 
P72/INT 4/TXCLK 
/CLKOUT 

58 
P73/INT5 
/RXCLK!ADTRG 

57 P74/P/D/INT6 

56 P75/WAIT 

55 
P76/WDOUT 
/BUSREQ 

54 
P77/WDIN 
/BUSACK 

53 R/W 

52 NC 

51 DS 

50 AS 

49 NC 

48 Voo 

47 Voo 

46 P07/A7/D7 

45 P06/A6/D6 

44 P05/A5/D5 

43 P04/A4/D4 

42 P03/A3/D3 

41 P02/A2/D2 

2/57 -------------- l:fi ~~~~~~=:~?~ 
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Pin Name 

80 AVoo 

79 NC 

78 P47/AIN7 

77 P46/AIN6 

76 P45/AIN5 

75 P43/AIN3 

74 P42/AIN2 

73 P41/AIN1 

72 P40/AINO 

71 P27/RRDY5 

70 
P26/INT3 
/RDSTB51PiD 

69 P25/WRRDY5 

68 
P24/INT1 
/WRSTB5 

67 P23/SDO 

66 P22/INT2/SCK 

65 P21 /SDI/P/D 



ST9040 

Figure 2. 68 Pin PLCC Package 
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Table 2. ST9040C Pin Description 

Pin Name Pin Name Pin Name Pin Name 

61 P44/AIN4 10 P35!T10UTA 43 P?O/SIN 60 AVss 

62 P57 11 P34!T11NA 42 P71/SOUT 59 AVoo 

63 P56 12 P33/TOOUTB P72/CLKOUT 58 P47/AIN7 
41 

/TXCLKIINT4 64 P55 13 P32/TOINB 57 P46/AIN6 

65 P54 14 P31/TOOUTA P73/ADTRG 56 P45/AIN5 

INT7 
40 

/RXCLKIINT5 66 15 P30/P/D/TOINA 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/A 13 P76/WDOUT 52 P40/AINO 
37 

/BUSREQ 2 P51 19 P14/A12 51 P27/RRDY5 

3 P50 20 P13/A11 P77/WDIN P26/INT3 
36 

/BUSACK 
50 ----

4 OSCOUT 21 P12/A10 /RDSTB51P/D 

5 Vss 22 P11/A9 35 R/W 49 P25/WRRDY5 

6 OSCIN 23 P10/AB 34 OS P24/INT1 
48 

/WRSTB5 7 RESET 24 POO/A0/00 33 AS 

8 P37!T10UTB 25 P01/A1/D1 32 Voo 47 P23/SDO 

9 P36!T11NB 26 P02/A2/D2 31 P07/A7/D7 46 P22/INT2/SCK 

30 P06/A6/D6 45 P21 /SDI/P/0 

29 P05/A5/D5 44 P20/NMI 

28 P04/A4/D4 

27 P03/A3/D3 

-------------- I..U ~~~~~~:~~ 3157 
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Figure 1 b. 56 Pin Shrink DIP Pinout 
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Table 3. ST90408 Pin Description 

Pin Pin name Pin Pin name 

j P42/AIN2 56 P41/AIN1 

2 P43/AIN3 55 P40/AINO 

3 P45/AIN5 54 P23/SDO 

4 P46/AIN6 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/SOUT 

9 P57 
48 

P72/CLKOUT 

jQ P56 TXCLK/INT4 

jj P55 47 
P73/ADTRG 

12 P54 
RXCLK/INT5 

P76WXUTA3illREC 
13 P53 

46 

14 P52 
45 P77!WDIN!BUSAC~ 

15 OS GOUT 
44 R!W 

16 Vss 
43 DS 

17 OSCIN 
42 AS 

18 RESET 
41 Voo 

19 P37/TWUTB 
40 Vss 

20 P36/T11NB 
39 P07/A7/D7 

21 NC 
38 P06/A6/D6 

22 P35/T10UTA 
37 P05/A5/D5 

23 P34/T11NA 
36 P04/A4/D4 

24 P33/TOOUTB 
35 P03/A3/D3 

25 P32/TOINB 
34 P02/A2/D2 

26 P31/TOOUTA 
33 P01/A1/D1 

27 P30/P/D/TOINA 
32 POO/AO/DO 

28 P13/A11 
31 P10/A8 

30 P11/A9 

29 P12/A10 

1.1GENERAL DESCRIPTION 

The ST9040 is a ROM member of the ST9 family of 
microcontrollers, completely developed and pro­
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 

The ST9040 peripheral and functional actions are 
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 
DATASHEET OF THE ST9030 ROM·BASED DE· 
VICE FOR FURTHER DETAILS. 

The nucleus of the ST9040 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, 12C-bus and 1M-bus Interface, plus two 8 
bit 1/0 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 power­
ful 1/0 capabilities demanded by microcontroller 
applications are fulfilled by the ST9040 with up to 
56 1/0 lines dedicated to digital Input/Output. 
These lines are grouped into up to seven 8 bit 1/0 
Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
an address/data bus for interfacing external mem­
ory, timer inputs and outputs, analog inputs, exter­
nal interrupts and serial or parallel 1/0 with or 
without handshake. 
Three basic memory spaces are available to support 
this wide range of configurations: Program Memory 
(internal and external), Data Memory (internal and ex­
ternal) 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. In addition there is 
an 8 channel Analog to Digital Converter with inte­
gral sample and hold, fast 1111s conversion time 
and 8 bit resolution. An Analog Watchdog feature 
is included for two input channels. 

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. 

4/57 -------------- I:U ~~~~~:~~~ 
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1.2 PIN DESCRIPTION 

AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the belli!!: 
ning of each memory cycle. The rising ed.Q? of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program ..Q!_ data 
memory transfers. Under program control, AS can 
be placed in a high-impedanc~tate alo!}f! 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~ata 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 Porto, Port 1, AS and RiW. 
R!W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter­
nal memory transactions. RiW 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 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 OOh and 01 h. 

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

Figure 3. ST9040 Block Diagram 

ST9040 

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. 

AVoo. Analog Voo of the Analog to Digital Converter. 

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

Voo. Main Power Supply Voltage (5V ± 1 0%) 

Vss. Digital Circuit Ground. 

PO.O-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-
P4.7, P5.0-P5.7, P7.0-P7.7 110 Port Lines (In­
put/Output, TTL or CMOS compatible). 56 lines 
grouped into 1/0 ports of 8 bits, bit programmable 
under program control as general purpose 1/0 or 
as alternate functions. 

1.2.1 1/0 Port Alternate Functions 

Each pin of the 1/0 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 
1/0 Port pins and a summary of packages for which 
they are available. 

INTO INT7 

l l 
16-811 TIMER I WATCHDOG+ SPI 

CPU 

VA001385 
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PIN DESCRIPTION (Continued) 

Table 4. ST9040 1/0 Port Alternate Function Summary 

I/O PORT Name Function Alternate Function Pin Assignment 

Port. bit PLCC PQFP PSDIP 

PO.O AO/DO 1/0 Address/Data bit 0 mux 24 39 32 

P0.1 A1/D1 1/0 Address/Data bit 1 mux 25 40 33 

P0.2 A2/D2 1/0 Address/Data bit 2 mux 26 41 34 

P0.3 A3/D3 1/0 Address/Data bit 3 mux 27 42 35 

P0.4 A4/D4 1/0 Address/Data bit 4 mux 28 43 36 

P0.5 A5/D5 1/0 Address/Data bit 5 mux 29 44 37 

P0.6 A6/D6 1/0 Address/Data bit 6 mux 30 45 38 

PO.? A7/D7 1/0 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 0 Address bit1 0 21 36 29 

P1.3 A11 0 Address bit11 20 35 28 

P1.4 A12 0 Address bit 12 19 34 

P1.5 A13 0 Address bit13 18 33 

P1.6 A14 0 Address bit 14 17 31 

P1.7 A15 0 Address bit 15 16 30 

P2.0 NMI I Non-Maskable Interrupt 44 64 51 

P2.0 ROM less I ROM less 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 I Externallnterrupt2 46 66 53 

P2.2 SCK 0 SPI Serial Clock 46 66 53 

P2.3 SDO 0 SPI Serial Data In 47 67 54 

P2.4 INT1 I 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 I 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 

P2.7 RDRDY5 0 Handshake Read Ready P5 51 71 

P3.0 TOlNA I MF Timer 0 Input A 15 29 27 

P3.0 P/D 0 Program/Data Space Select 15 29 27 

P3.1 TOOUTA 0 MF Timer 0 Output A 14 28 26 

P3.2 TOINB I MF Timer 0 Input B 13 27 25 

P3.3 TOOUTB 0 MF Timer 0 Output B 12 26 24 

P3.4 T11NA I MF Timer 1 Input A 11 25 23 

_61_57 ____________ £ii. ~~~~~ 
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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 0 MF Timer 1 Output A 10 24 22 

P3.6 T11NB I MF Timer 1 Input B 9 23 20 

P3.7 T10UTB 0 MF Timer 1 Output B 8 22 19 

P4.0 AI NO I AID Analog Input 0 52 72 55 

P4.1 AIN1 I AID Analog Input 1 53 73 56 

P4.2 AIN2 I AID Analog Input 2 54 74 1 

P4.3 AIN3 I AID Analog Input 3 55 75 2 

P4.4 AIN4 I AID Analog Input 4 61 4 8 

P4.5 AIN5 I AID Analog Input 5 56 76 3 

P4.6 AIN6 I AID Analog Input 6 57 77 4 

P4.7 AIN7 I AID Analog Input 7 58 78 5 

P5.0 1/0 1/0 Handshake Port 5 3 15 

P5.1 1/0 1/0 Handshake Port 5 2 14 

P5.2 1/0 1/0 Handshake Port 5 1 13 14 

P5.3 1/0 1/0 Handshake Port 5 68 11 13 

P5.4 1/0 1/0 Handshake Port 5 65 8 12 

P5.5 1/0 1/0 Handshake Port 5 64 7 11 

P5.6 1/0 1/0 Handshake Port 5 63 6 10 

P5.7 1/0 1/0 Handshake Port 5 62 5 9 

P7.0 SIN I SCI Serial Input 43 61 50 

P7.1 SOUT 0 SCI Serial Output 42 60 49 

P7.1 ROM less I ROM less Select (Mask option) 42 60 49 

P7.2 INT4 I External Interrupt 4 41 59 48 

P7.2 TXCLK I SCI Transmit Clock Input 41 59 48 

P7.2 CLKOUT 0 SCI Byte Sync Clock Output 41 59 48 

P7.3 INT5 I External Interrupt 5 40 58 47 

P7.3 RXCLK I SCI Receive Clock Input 40 58 47 

P7.3 ADTRG I AID Conversion Trigger 40 58 47 

P7.4 INT6 I External Interrupt 6 39 57 

P7.4 P/D 0 Program/Data Space Select 39 57 

P7.5 WAIT I External Wait Input 38 56 

P7.6 WDOUT 0 T/WDOutput 37 55 46 

P7.6 BUSREQ I External Bus Request 37 55 46 

P7.7 WDIN I T/WD Input 36 54 45 

P7.7 BUSACK 0 External Bus Acknowledge 36 54 45 
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ADDRESS SPACES 

Table 1-5. Group F Peripheral Organization 

Applicable for ST9040 

DEC 
DEC HEX 

R255 RFF 

R254 RFE 

R253 RFD 

R252 RFC 

R251 RFB 

R250 RFA 

R249 RF9 

R248 RF8 

R247 RF7 

R246 RF6 

R245 RF5 

R244 RF4 

R243 RF3 

R242 RF2 

R241 RF1 

R240 RFO 

00 
00 

RESERVED 

MSPI 

WCR 

T/WD 

EXTINT 

EEPROMCR 

RESERVED 

02 
02 

RESERVED 

PORT3 

RESERVED 

PORT2 

RESERVED 

PORT1 

RESERVED 

PORTO 

03 
03 

PORT? 

RESERVED 

PORTS 

RESERVED 

PORT4 

08 
08 

MFT1 

09 
09 

RESERVED 

MFT 

MFT1 

MFTO 
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10 
OA 

MFTO 

24 
18 

RESERVED 

SCI 

63 
3F 

AiD 

RFF 

RFE 

RFD 

RFC 

RFB 

RFA 

RF9 

RF8 

RF7 

RF6 

RF5 

RF4 

RF3 

RF2 

RF1 

RFO 



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 1 FFh 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 1 FFh, how­
ever one WAIT cycle is automatically added for a 
Read cycle, while a byte write cycle to the 

Figure 1-4. Memory Map 

65535 ~---~FFFF 

16384 ~-----1'------_j 3FFF 

ROM 

0000 L_ ___ _j __________ 0000 

INTERNAL EXTERNAL 

PROGRAM SPACE 
VR001354 

ST9040 

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· 
troller. 

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

65535 r-----,FFFF 

768 ~~ -~R~A-M--l----_j02FF 
512 ------ 01FF 

0000 I EEPROM ------0000 

INTERNAL EXTERNAL 

DATA SPACE 

VR001355 
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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. 

236 

The constraint is that each of the bytes occur in the 
same ROW of the EEPROM memory (A4 constant, 
A3-AO 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. 



EEPROM (Continued) 

1.3.2.7 EEPROM Control Register 
EECR R241 (F1 h) Page 0 Read/Write 
(except EEBUSY: read only) 
EEPROM Control Register 

Reset value : 0000 OOOOb (OOh) 

7 

bit 7 = 87: 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 O.OV, 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 

ST9040 

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

bit 4 = EEl EN: 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 
set only 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 (F1 h) Page 0 Read/Write Control Registers 

Figure 1-5. EEPROM Parallel Programming Rows 

A 8 C D E F ADDRESS 
0 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

ROW 31 ==I =II =I ==I =111::::=:::: ROW 30 

I I I I I 1 
1 I I I l 1 

I I I I I 
1 I I I I 
I l I I I 
I I I I I 
I I I I I 
I I I I I 

ROW 2 

ROW 1 

ROW 0 

VR001J56 
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NOTES: 
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2 ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Supply Voltage -0.3 to 7.0 v 
AVoo, AVss Analog Supply Voltage Vss = AVss < AVoo :s Voo v 

VI Input Voltage - 0.3 to Voo +0.3 v 
Vo Output Voltage - 0.3 to Voo +0.3 v 

Tsm Storage Temperature -55 to+ 150 oc 

iiNJ Pin Injection Current Digital Input -5to +5 mA 

iiNJ Pin Injection Current Analog Input -5to +5 mA 

Maximum Accumulated Pin injection Current in the device -50 to +50 mA 

Note: Stresses above those l1sted as "absolute max1mum rat1ngs" may cause permanent damage to the device. Th1s IS a stress rating only and 
functional operatton of the devtce at these conditions ts not tmplted. Exposure to max1mum ratmg condtttons for extended penods may affect 
devtce reltabtlity. All voltages are referenced to Vss 

RECOMMENDED OPERATING CONDITIONS 

Value 
Symbol Parameter Unit 

Min. Max. 

TA Operating Temperature -40 85 oc 
Voo Operating Supply Voltage 4.5 5.5 v 

IoseE External Oscillator Frequency 24 MHz 

fosc1 Internal Clock Frequency (INTCLK) 12 MHz 

13/57 

239 



ST9040 

DC ELECTRICAL CHARACTERISTICS 
Voo = 5V ± 1 0% T A = - 40 oc to + 85°C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

V1HCK Clock Input High Level External Clock 0.7Voo Voo+ 0.3 v 
V1LcK Clock Input Low Level External Clock -0.3 0.3 Voo v 

TTL 2.0 Voo + 0.3 v 
V1H Input High Level 

CMOS 0.7 Voo Voo + 0.3 v 
TTL -0.3 0.8 v 

V1L Input Low Level 
CMOS -0.3 0.3 Voo v 

V1HRS RESET Input High Level 0.7 Voo Voo + 0.3 v 
VILAS RESET Input Low Level -0.3 0.3 Voo v 
VHYRS RESET Input Hysteresis 0.3 1.5 v 
VoH Output High Level Push Pull, lload =- 0.8mA Voo-0.8 v 

VoL Output Low Level 
Push Pull or Open Drain, 

0.4 v 
lload= 1.6mA 

lwpu 
Weak Pull-up Current Bidirectional Weak Pull-

-50 -200 -420 JlA up, VoL= OV 

IAPU 
Active Pull-up Current, 

V1N < 0.8V, under Reset -80 -200 -420 JlA for INTO and INT7 only 

ILKIO 1/0 Pin Input Leakage 
lnput!T ri-State, 

-10 +10 JlA OV < V1N < Voo 

ILKRS Reset Pin Input Leakage OV < V1N < Voo -30 + 30 JlA 

AID Pin Input Leakage 
Alternate Function, 

ILKAD Open Drain, -3 +3 JlA 
OV < V1N < Voo 

ILKAP 
Active Pull-up Input ov < V1N < o.av -10 +10 JlA Leakage 

ILKOS OSCIN Pin Input Leakage OV < V1N < Voo -10 +10 JlA 

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 penpheral workrng. 

DC TEST CONDITIONS 

2.4V~ TTL INPUT 
FORCING CONDITION 

0.45V 

0.8Voo~ CMOS INPUT 
FORCING CONDITION 

0.2v00 

PUSH-PULL OUTPUT 
TEST CONDITION 

WEAK PULL-UP OUTPUT 
TEST CONDITION 

---r:ovv-- "1'' SOURCE CURRENT = -0.8mA 

~ "0" SINK CURRENT = 1.6mA 

---r:ovv-- "1'' SOURCE CURRENT = 0 

~"0" SINK CURRENT= 1.6mA 
VAD0117 

14/57 --------------- I:ii ~~~~~~~~~~ 
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ST9040 

AC ELECTRICAL CHARACTERISTICS 
(Voo = 5V ± 10% TA =- 40 octo + 85°C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

Run Mode Current 
loo no CPUCLK prescale, 24M Hz, Note 1 50 mA 

Clock divide by 2 

Run Mode Current 
lop2 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 24M Hz, Note 1 100 JlA 

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. 

15/57 
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ST9040 

CLOCK TIMING TABLE 
(Voo = SV ± 10%, TA = - 40°C to + 85°C, INTCLK = 12M Hz, 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 d1v1ded by 2 Internally (MODER.DIV2=1) 

2. Clock not d1v1ded by 2 Internally (MODER.DIV2=0) 

CLOCK TIMING 

V1H =0.8Voo 

OSCIN 

VIL =0.2Voo 

2 3 3 VA00116 

16/57 ---------------- m ~~~;~~f:~~~ 
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ST9040 

EXTERNAL BUS TIMING TABLE 
(Voo = 5V ± 10%, TA =- 40 octo+ 85 oc, Cload = 50pF, CPUCLK = 12M Hz, unless otherwise specified) 

Value (Note) 
No Symbol Parameter OSCIN Divided OSCIN Not Divided Unit 

By2 By2 
Min. Max. 

1 TsA(AS) 
Address Set-up Time 

TpC(2P+1)-22 TWCH+PTpC -18 20 ns 
before ASI 

2 ThAS (A) Address Hold Time after AS 1' TpC-17 TwCL-13 25 ns 

3 TdAS (DR) AS 1' 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 -1- t 12 12 12 ns 

TwDSR 
-

TpC (4P+2W+3) -20 
TwCH+TpC 

6 DS Low Pulse Width (read) 
(2P+W+1)-16 

105 ns 

7 TwDSW OS Low Pulse Width (write) TpC(2P+2W+2)-13 TpC (P+W+1)-13 70 ns 

8 TdDSR(DR) OS -1- to Data Valid Delay (read) TpC (4P+2W-3) -50 
TwCH+ TpC(2P+W+ 1 

75 ns 
-46 

9 ThDR (DS) Data to DS 1' Hold Time (read) 0 0 0 ns 

10 TdDS(A) OS 1' to Address Active Delay TpC-7 TwCL-3 35 ns 

11 TdDS(AS) OS 1' to AS -1- Delay TpC-18 TwCL-14 24 ns 

12 TsR/W (AS) RIW Set-up Time before AS 1' TpC (2P+1) -22 TwCH+PTpC -18 20 ns 

13 TdDSR(R/W) 
OS 1' to RIW and Address Not 

TpC-9 TwCL-5 33 
Valid Delay 

ns 

14 TdDW(DSW) 
Write Data Valid to OS -1- Delay 

TpC (2P+1) -32 TwCH+PTpC -28 10 ns 
(write) 

15 ThDS(DW) Data Hold Time after OS 1' (write) TpC-9 TwCL-5 33 ns 

16 TdA(DR) Address Valid to Data Valid 
TpC(6P+2W+5)-68 TwCH+TpC 140 

Delay (read) (3P+W+2) -64 
ns 

17 TdAs (OS) AS 1' to DS -1- Delay TpC-18 TwCL-14 24 ns 

EXTERNAL WAIT TIMING TABLE 

(Voo = 5V ± 10%, T A= -40°C to +85°C, Cload = 50pF, 

JNTCLK = 12M Hz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 
No Symbol Parameter OSCIN Divided OSCIN Not Divided Unit 

By2 By2 
Min. Max. 

1 TdAs(WAIT) AS 1' to WAIT -1- Delay 2(P+ 1 )TpC -29 2(P+ 1 )TpC -29 40 ns 

2 TdAs(WAIT) AS 1' to WAIT -1- Min. Delay 2(P+W+ 1 )TpC -4 2(P+W+ 1 )TpC -4 80 ns 

3 TdAs(WAIT) AS 1' to WAIT -1- Max. Delay 2(P+W+ 1 )TpC -29 2(P+W+ 1 )TpC -29 ~3W ns 
40 

Note: (for both tables) The value in the left hand two columns show the formula used to calculate the timing minimum or max1mum from the 
oscillator clock period, prescale value and number of wait cycles inserted. 
The value in the nght hand two columns show the t1m1ng minimum and max1mum for an external clock at 24 MHz d1v1ded by 2, prescaler value 
of zero and zero wa1t status. 

Legend: 
P =Clock Prescaling Value 
W =Wait Cycles 

TpC =OSCIN Period 
TwCH =High Level OSCIN half period 
TwCL =Low Level OSCIN half period 

-------------- IW. ~~~~~~!~ 17/57 
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ST9040 

EXTERNAL BUS TIMING 

T1 T2 T3 

CPUCLK __j 

R/W 

PORT1 
P/D 

PORTO 
(READ) 

DS 
(READ) 

PORTO 
(WRITE) 

DS 
(WRITE) 

____,J>¢~---------:-:--K= 
I 12 , 1 13 I 

__ ____,;r: A15-A8 :-
1 >e= 

16 I I 

1----: ~1:' ~· _____,3'-------JJ~I '1\ . }-
---~~ A7~AO l 107-DD:IN~ 

I 1 11 2 I 1 I 1 9 I 
n~ I "II"': 

-t... _ __;;;~-1 1 4-J.< 8 i 11 11'----!-: --
II 1: 1 -1 

l-±--J: l1 6 1: ~; 

------~:--~~ ~t : 
~t=t-----------=j:fi 10 : 
1~1 ~~~~-~~ 

I I 

---'X A7-AO ~~: _______ D7_-_D_o_o_u_T~:------~ 
I 14 II 7 I I 15 I 
~;-... _ __: __ _,'""I .,__:..:::__,~--:1 

---------------:1.: :.J,------

VA00447 

EXTERNAL WAIT TIMING 

CPUCLK 

AS 

DS 

WAIT 

T1 T2 TwW I T3 I 

L____n___] 

3 

i '~R_E_A_D~\_w_R_IT_E~,~~·~~---~~ 

____ _j!:"':=~2~~~~f1~rl: ---------
: 1 X lll.J...J.; ;.11 
~ 

VA00115 

.:...18:::./5:::.7 _____________ I:fi ~~~~~~:~~l: 
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ST9040 

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

Value (Note) 

No Symbol Parameter OSCIN Divided OSCIN Not Divided Min. Max. Unit 
By2 By2 

Min. Max. Min. Max. 

RDRDY, WRRDY Pulse 
2TpC 

TpC 
1 TwRDY Width in One Line 

(P+W+1)-18 
(P+W+1)- 65 ns 

Handshake 18 

------

2 TwSTB 
RDSTB, WRSTB Pulse 

2TpC+12 TpC+12 95 ns 
Width 

3 
TdST RDSTB, or WRSTB i 

TpC+45 
(TpC-TwCL) 

87 
(ROY) to RDRDY or WRRDY J. +45 

ns 

TsPD Port Data to RDRDY i (2P+2W+1) 
TwCH+ 

4 
(RDY) Set-upTime TpC-25 (W+P) 16 ns 

TpC-25 

TsPD 
Port Data to WRRDY J. 

5 
(RDY) 

Set-up Time in One Line 43 43 43 ns 
Handshake 

Port Data to WRRDY J. 
6 

ThPD Hold 
0 0 0 (ROY) Time in One Line ns 

Handshake 

7 
TsPD Port Data to WRSTB i 

10 10 10 (STB) Set-upTime ns 

8 
ThPD Port Data to WRSTB i 

25 25 25 
(STB) Hold Time ns 

TdSTB 
RDSTBD ito Port Data 

9 (PD) 
Delay Time in 35 35 35 ns 
Bidirectional Handshake 

TdSTB 
RDSTB i to Port High-Z 

10 
(PHZ) 

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 t1m1ng minimum or max1mum from the oscillator clock 
period, prescale value and number of wait cycles inserted. 
The value 1n 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 = Clock Prescahng Value (R235 4,3,2) 
W = Programmable Wait Cycles (R252.2.1.015,4,3) + External Wait Cycles 

------------- Ii1i. ~~~~~~~ 19/57 
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ST9040 

HANDSHAKE TIMING 

READY 

STROBE 

OUTPUT 
HANDSHAKE 

ONE LINE 
INPUT 

HANDSHAKE 

TWO LINES 
INPUT 

HANDSHAKE 

BIDIRECTIONAL 
HANDSHAKE 
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ST9040 

BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Voo = SV ± 10%, TA =-40°C to +85°C, Cload = 50pF, 
INTCLK = 12M Hz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 

No Symbol Parameter Unit 
OSCIN Divided OSCIN Not Divided 

Min. Max. 
By2 By2 

BREQ.l-to BUSACK.l-
TpC+B TwCL+12 50 ns 

1 TdBR (BACK) 

TpC(6P+2W+7)+65 TpC(3P+W+3)+ TwCL+65 360 ns 

2 TdBR (BACK) BREQI to BUSACKI 3TpC+60 TpC+ TwCL+60 185 ns 

3 TdBACK (BREL) 
BUSACK.l- to Bus 

20 20 20 
Release 

ns 

4 TdBACK (BACT) 
BUSACKI to Bus 
Active 

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 timmg minimum and maximum for an external clock at 24M Hz divided by 2, prescale value of zero 
and zero wa1t status. 

BUS REQUEST/ACKNOWLEDGE TIMING 

CPUCLK ~ 

BUSREQ sssss~ 

BUSACK l. 
1 .. : 1,.4 

I 2 .: 1,.3 '• ,,. 
I '} I ,I 

MEMINT 

VA00114 

Note: MEMINT =Group of memory interface signals: AS, OS, R/W, POO·P07, P10-P17 

21/57 
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ST9040 

EXTERNAL INTERRUPT TIMING TABLE (Voo = 5V ± 10%, T A= -40°C to +85°C, Cload = 50pF, 
INTCLK = 12M Hz, Push-pull output configuration, unless otherwise specified) 

Value (Note) 

No Symbol Parameter OSCIN OSCIN Not 
Divided By Divided By Min. Max. 

2Min. 2Min. 

1 TwLR Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 TpC+12 95 

2 TwHR High Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 TpC+12 95 

3 TwHF High Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 TpC+12 95 

4 TwLF Low Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 TpC+12 95 

Unit 

ns 

ns 

ns 

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 wa1t 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 

INTn 

2 3 4 

n=0-7 VA00112 

22157 
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ST9040 

SPI TIMING TABLE (Voo = 5V± 10%, TA = -40°Cto +85°C, Cload = 50pF, INTCLK = 12MHz, 
Output Alternate Function set as Push-pull) 

Value 
N• Symbol Parameter 

Min. Max. 

1 TsDI Input Data Set-up Time 100 

2 ThDI (1) Input Data Hold Time 1/2TpC+100 

3 TdOV SCK to Output Data Valid 100 

4 ThDO Output Data Hold Time -20 

5 TwSKL SCK Low Pulse Width 300 

6 TwSKH SCK High Pulse Width 300 

Note: TpC is the OSCIN Clock period. 

SPITIMING 

6 
I I 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

SCK -------.~~~------5------~lt'------------~~---------------
l I I 

I 31 : ~ 
~ I II 

: I 1 

--~'------------i-1 --~~'-------soo 

2 

I I 

SDI __ x--x.____ 
I 

VA00109 

------------ r.w; SGS·THDMSDN ... ..,,.i'<i!l=ll!l.~OO:~ 
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ST9040 

WATCHDOG TIMING TABLE(Voo = 5V± 10%, TA=-40 •cto +850C, Cload =50pF, 
CPUCLK = 12MHz, Push-pull output configuration, unless otherwise specified ) 

Values 
N" Symbol Parameter 

Min. Max. 

1 TwWDOL WDOUT Low Pulse Width 620 

2 TwWDOH WDOUT High Pulse Width 620 

3 TwWDIL WDIN High Pulse Width 350 

4 TwWDIH WDIN Low Pulse Width 350 

WATCHDOG TIMING 

2 
~: ~----------------~~: ~~~-------------------: 

Unit 

ns 

ns 

ns 

ns 

WDOUT ~ y \~;..... __ _ 
3 I I 4 

~------------~ ~------------~ 

~::1} 
WDIN X 1 

~~------...JI '~--VA00110 

_24_15_7 __________ W'l, SliS·THDMSON 
'J• o ~IIC~TII!!Irnl:~ 

250 



ST9040 

A/D CONVERTER 

EXTERNAL TRIGGER TIMING (Voo ~ 5V ± 1 0%, TA ~ -40°C to +85°C, Cload ~ SOp F) 

Oscin divided Oscin not Value(2l 
No Symbol Parameter by2(') divided (ll Unit 

Min. Max. Min. Max. Min. Max. 

1 TLOw External Trigger pulse width 2xTpc Tpc 83 ns 

2 THIGH External Trigger pulse 2xTpc Tpc 83 ns 

3 TEXT 
External trigger active 

138xTpc 69xTpc 5.75 JlS edges distance 

Internal delay between 
4 TsTR EXTRG falling edge and first Tpc 3XTpc 0.5xTPC 1.5xTpc 41.5 125 ns 

conversion start 

Notes: 
1. Variable clock (TPC=OSCIN clock penod) 
2. INTCLK=12MHz 

AID External Trigger Timing 

A DTRG 

, 2 

J 

'/ 
T (start conversion bit) 

/ 
5 

4 f----L--

VR00t40t 

25/57 
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ST9040 

AID 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. 

1 TWHIGH 
Internal trigger 

Tpc .5xTpc 41.5 - ns 
pulse width 

2 Twww 
Internal trigger 

6xTpc 3xTpc 250 - ns 
pulse distance 

Internal trigger 
3 TWEXT active edges 276n xTpc 138n x Tpc n x 11.5 - J.lS 

distance (1) 

Internal delay 
between INTRG 

4 Twsm rising edge and Tpc 3xTpc .5xTpc 1.5xTpc 41.5 125 ns 
first conversion 
start 

AID INTERNAL TRIGGER TIMING 

INTRG 

2 

3 

ST (start conversion bit) x~---7'// J 
1 /,r'-----------r~~ 
I I 
I I 

4 I 4 I 
~--~--~ ~ 

VROA1401 
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AID CHANNEL ENABLE TIMING TABLE 

OSCIN OSCIN 

N• Symbol Parameter Divided by 2 (2) Not Divided by 2 (2) 

Min. Max. Min. Max. 

1 TWEXT 
CEn Pulse width 

276nxTpc 138n x Tpc 
(1) 

Notes: 

1. n =number of autoscanned channels (1 < n <B) 

2. Variable clock (Tpc = OSCIN clock period) 

3. CPUCLK = 12MHz 

AID CHANNEL ENABLE TIMING 

-----/ 

CEn+l 

----------- ~'/. SliS·THDMSDN 
.. ...,~. RlilliCilml!l.ll:C1TIIII«<llKlflli!l! 

ST9040 

Value(3) 
Unit 

Min. Max. 

n x 11.5 - J.LS 

(Periph.clock) 

IIR001402 
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ST9040 

A/D ANALOG SPECIFICATIONS 

Parameter Typical (1) Minimum Maximum Units (2) Notes 

Analog Input Range Avec v 
Avec 3 Vee 

Conversion time 11.5 !lS (3, 4) 

Sample time 3 !lS (3) 

Power-up time 60 !lS 

Resolution 8 8 [krcr 

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) 

S/N 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 !lA 

Notes: 

1. The values are expected at 25 degree Cent1grade w1th Avec= 5V 

2. ''LSBs'', as used here, has a value of AVCC/256 

3. @ 12M Hz internal clock 

4. Including sample time 

5. It must be mtended as the internal senes resistance before the sampling capacitor 

6. 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 AID converter has been valued as follows: 

OFFSET ERROR= deviation between the actual V(O) and the ideal V(O) (=1/2 LSB) 

GAIN ERROR= dev1at1on between the actual V(254) and the ideal V(254) (=AVCC-3/2 LSB) 

DNL ERROR= max ([V(i)- V(i-1)]/LSB-1) 

INL ERROR= max ([V(i)- V(O)]/LSB- i) 

_28_1_57 _____________ 'V. ~~~;~~!:~~~ 
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MULTIFUNCTION TIMER UNIT EXTERNAL TIMING TABLE 

OSCIN OSCIN Value (4) 

N' Symbol Parameter 

j TwcTW External clock/trigger pulse width 

2 TwcTD External clock/trigger pulse distance 

3 TWAED Distance between two active edges 

4 TWGW Gate pulse width 

5 TWLBA 
Distance between TINB pulse edge and 
the following TINA pulse edge 

6 TWLAB 
Distance between TINA pulse edge and 
the following TINB pulse edge 

7 TWAD Distance between two TxiNA pulses 

8 Twowo Minimum output pulse width/distance 

Notes: 

1. n = 1 1f the 1nput is ris1ng OR fallrng edge sens1t1ve 
n = 3 if the input 1s rising AND fallrng edge senSitive 

MULTIFUNCTION TIMER UNIT EXTERNAL TIMING 

TINA 

TlNB 

GATE 

Divided Not 
by2 Divided 

by2 Min. 
(3) (3) 

2n x Tpc nxTpc n x 83 

2n x Tpc nxTpc n x 83 

6xTpc 3xTpc 249 

12xTpc 6x Tpc 498 

2xTpc Tpc 83 

0 0 

0 0 

6xTpc 3xTpc 249 

2.1n Autod1scrim1nation mode 
3.Vanable clock ( Tpc = OSCIN penod) 
4.1NTCLK = 12 MHz 

) 
~-------------4--------------~ 

TINA 

TlNB 

TOUTO 

TOUT! 

Max. 

-

-

-

-

-

-

-

-

ST9040 

Unit Note 

ns j 

ns j 

ns 

ns 

ns 2 

ns 2 

ns 2 

ns 
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ST9040 

SCI TIMING TABLE 
(Voo = 5V ± 10%, TA = - 40°C to +85°C, Cload = 50pF, INTCLK = 12M Hz, 
Output Alternate Function set as Push-pull) 

No Symbol Parameter Condition 

1 x mode 
FRxCKIN Frequency of RxCKIN 

16 x mode 

TWRxCKIN 1 x mode 
RxCKIN shortest pulse 

16 x mode 

1 x mode 
FrxCKIN Frequency of TxCKIN 

16 x mode 

TwrxcKIN 1 x mode 
TxCKIN shortest pulse 

16 x mode 

1 Tsos 
DS (Data Stable) before rising 

1 x mode reception with RxCKIN 
edge of RxCKIN 

2 Tdo1 TxCKIN to Data out delay Time 
1 x mode transmission with 
external clock C load <1 OOpF 

3 Tdo2 CLKOUT to Data out delay Time 
1 x mode transmission with 
CLKOUT 

Note: FCK = 1ffCK 

SCI TIMING 

Value 

Min. Max. 

FcK/8 

FcKi4 

4 TcK 

2TcK 

FcK/8 

FcK/4 

4 TcK 

2TcK 

Tpc/2 

2.5 Tpc 

350 

FIG 1: RECEPTION \11TH EXTERNAL CLOCK 1X MODE FIG 2: TRANSMISSION \11TH EXTERNAL CLOCK 1X MODE 

RXCKIN ----, r 
DATA IN E 
FIG .3: TRANSMISSION \\1l1H CLKOUT 1X MODE 

CLKOUT 

=c~--------11 
om M ---8..--------

TXCKIN 

o.u'l 
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PACKAGE MECHANICAL DATA 

80-Pin Plastic Quad Flat Package 

~~-iiU'mb'e;.:of'F>~o';·-1 
N l ~------------~ u I 

T"F" : :~ ~ 
il I 

I 
I• .. 
I~ 

1-
NO I o 

I. 03 01 
I" 

:~ 
I,E 
I 

_k ~ 
I 
I 
I 

~~-,~==; 
E1 
E 

D1m. 

A A 

A2 

D 
01 

03 

'¥ E 
0 E1 

E3 

e 

N I 

~ 
ND I ,;. 
NE I 

VROA1500 

ST9040 

mm inches 
Min Typ Max Min Typ Max 

3 40 0134 

2.55 2.80 3.05 0.100 0110 0.120 

22.95 23.20 24.45 0.903 0.913 0.923 

19.90 20.00 20.10 0.783 0 787 0 791 

18 40 0724 

16.95 17.20 17.45 0.667 0.677 0.687 

13.90 14.00 1410 0 547 0 551 0.555 
12 00 0472 

0.80 0032 

Number of Pins 

80 

24 

16 

Short Footprint Measurement Short Footprint recommended Padding 

SHORT FOOT PRINT 

I 

1.60 

I J 
--~0'-7' 

o.so : 1 
I 
I 
I 

VR017248 

-------------- iW. ~:=~=:~~n 

PAD AREA ON PCB 
FOR EACH LEAD 

VR01724C 
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ST9040 

68-Pin Plastic Leadless Chip Carrier 

Dim. mm inches 
Min Typ Max Min Typ Max 

A 4.20 5.08 0.165 0.200 

~- "N::mb;fOof p,;;;, -~ 

s~h 
A1 0.51 0.020 

Pm 1 A3 2 29 3.30 0 090 0.130 

~~---··lm 
B 

~ ---~-- T 81 ,. 

"~I 
0 25.02 25.27 0.985 0.995 ,.= 

I~ II II 01 24.13 24.33 0.950 0.958 

'"ilii Jl 03 20 32 0800 
E 25 02 25 27 0985 0.995 

II I I E1 24.13 24 33 0950 0 958 

j'_~--~ '~ 
E3 20.32 0.800 
K1 

f.-E3----i h 
E1 

e 1.27 0 050 A3 
E 

Number of Pins A 
N 68 

VR001534 NO 16 
NE 16 

56-Pin Plastic Shrink Dual-In-line Package, 600 Mil Width 

Dim. mm inches 

§ 
Min Typ Max Min Typ Max 

I 
A 5.08 0.200 

A1 0.51 0.020 

"r··w~~ B 0 35 0 59 0.014 0.023 

81 0.75 1.42 0.030 0.056 
81 B ~ c 0.20 036 0.008 0.014 

~ .Q.l D 5212 2.052 - D I-
01 - - - - --

-sa-
E 18.54 0.730 

E1 13 72 0540 

K1 - - - - - -

K2 - - - - - -
L 2.54 3 81 100 0150 

e1 1.78 0070 
1 N/2 VR001725 Number of Pins 

N 56 

ORDERING INFORMATION 

Sales Type Frequency Temperature Range Package 

ST9040Q1/XX PQFPSO 

ST9040C1/XX ooc to+ 70°C PLCC68 

ST9040B1/XX 24M Hz PSDIP56 

ST9040C6/XX 
-40°C to + ssoc PLCC68 

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 f1le. 
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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: [ ......................... .] Telephone (Direct) : [ ......................... .] 

Please confirm characteristics of device : 

Device ST9040 

Package PQFP80 [ ] PLCC68 [ ] PSDIP56 

Temperature Range -40°C to +85°C [ ] ooc to +70°C 

Special Marking ] No 

l Yes 14 characters [ I I I I I I I I I I I I I l 
Authorized characters are letters, digits,'.','-','/' and spaces only. 

Please consult your local SGS-THOMSON sales office for other marking details if required. 

Notes: 

ROM less Option (Consult text) 

Code: 

[ ] No 

[ ] Yes Port Bit [ ] P7.1 [ ] P2.0 

] EPROM (27128, 27256) 

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

Confirmation : ] Code checked with EPROM device in application 

Yearly Quantity forecast : [ ........................... ] k units 

- for a period of : [ .......................... l years 

Preferred Production start dates : [ ...................... .] (YY/MM/DD) 

Customer Signature : 

Date: 

33/57 
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NOTES: 

=-34.:.:.:/5:_:_7 ___________ liii. ~~~~m~r::~~n 
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ST90E40 
ST90T40 

16K EPROM HCMOS MCU 
WITH EEPROM, RAM AND AID 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 ST90T408 

• 80-pin Windowed Ceramic Quad Flat Pack pack­
age for ST90E40G 

• 68-lead Windowed Ceramic Leaded Chip Carrier 
packageforST90E40L 

• 56-pin Shrink Windowed Ceramic package for 
ST90E40D 

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

• 56 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 Developmenttools, 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 

0 " -
PLCC68 

PSDIP56 

CQFPSOW 

CSDIP56W 

(Ordering Information at the end of the Datasheet) 
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ST90E40- ST90T40 

Figure 1. 80 Pin QFP Package 

1 
2 
3 

24 

80 

25 

Table 1. ST90E40G-ST90T40Q Pin Description 

Pin Name Pin Name 

1 AVss 25 P34/T11NA 

2 AVss 26 P33ffOOUTB 

3 NC 27 P32ffOINB 

4 P44/AIN4 28 P31ffOOUTA 

5 P57 29 P30/P/DffOINA 

6 P56 30 P17/A15 

7 P55 31 P16/A14 

8 P54 32 NC 

9 INT7 33 P15/A13 

10 INTO 34 P14/A12 

11 P53 35 P13/A11 

12 NC 36 P12/A10 

13 P52 37 P11/A9 

14 P51 38 P10/A8 

15 P50 39 POO/AO/DO 

16 OSCOUT 40 P01/A1/D1 

17 Vss 

18 Vss 

19 NC 

20 OSCIN 

21 RESET/Vpp 

22 P37/T10UTB 

23 P36/T11NB 

24 P35/T10UTA 

65 

64 

41 

40 

VROA1649 

Pin Name 

64 P20/NMI 

63 NC 

62 Vss 

61 P70/SIN 

60 P71/SOUT 

P72/INT4ffXCLK 
59 

/CLKOUT 

P73/INT5 
58 

/RXCLKIADTRG 

57 P74/P/D/INT6 

56 P75!WAIT 

P76!WDOUT 
55 

/BUSREQ 

P77/WDIN 
54 

/BUSACK 

53 R!W 

52 NC 

51 DS 

50 AS 

49 NC 

48 Voo 

47 Voo 

46 P07/A7/D7 

45 P06/A6/D6 

44 P05/A5/D5 

43 P04/A4/D4 

42 P03/A3/D3 

41 P02/A2/D2 

_36_1_57 __________________________ ~~~~~~~~9~ 
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Pin Name 

80 AVoo 

79 NC 

78 P47/AIN7 

77 P46/AIN6 

76 P45/AIN5 

75 P43/AIN3 

74 P42/AIN2 

73 P41/AIN1 

72 P40/AINO 

71 P27/RRDY5 

P26/INT3 
70 ----

/RDSTB5/P/D 

69 P25!WRRDY5 

P24/INT1 
68 

!WRSTB5 

67 P23/SDO 

66 P22/INT2/SCK 

65 P21/SDI/P/D 



Figure 2. 68 Pin LCC Package 

60 44 

61 4.3 
I 
I 
I 
I 

sa' 
1 • 
21 

I 
I 
I 
I 

9 27 

10 26 

VROD1649 

Table 2. ST90E40L·ST90T40C 

Pin Name Pin Name Pin Name 
61 P44/AIN4 10 P35/T10UTA 43 P70/SIN 

62 P57 11 P34/T11NA 42 P71/SOUT 

63 P56 12 P33/TOOUTB P72/CLKOUT 
P55 

41 
/TXCLK/INT4 64 13 P32/TOINB 

65 P54 14 P31/TOOUTA P73/ADTRG 

INT7 
40 

/RXCLK/INT5 66 15 P30/P /D/TOI NA 

67 INTO 16 P17/A15 39 P74/P/D/INT6 

68 P53 17 P16/A14 38 P75/WAIT 

• 1 P52 18 P15/A13 P76/WDOUT 
37 

/BUSREQ 2 P51 19 P14/A12 

3 P50 20 P13/A11 P77/WDIN 
36 

/BUSACK 4 OSCOUT 21 P12/A10 

5 Vss 22 P11/A9 35 R/W 

6 OSCIN 23 P10/A8 34 DS 

7 RESETNpp 24 POO/AO/DO 33 AS 

8 P37/T10UTB 25 P01/A1/D1 32 Voo 

9 P36/T11NB 26 P02/A2/D2 31 P07/A7/D7 

30 P06/A6/D6 

29 P05/A5/D5 

28 P04/A4/D4 

27 P03/A3/D3 

- ----------- 1':9i SCiS·ntDMSDN .... .., I. l'li!lll:!iil@lill.I<CITWIQ!Klllle~ 

ST90E40 • ST90T40 

Pin Name 
60 AVss 

59 AVoo 

58 P47/AIN7 

57 P46/AIN6 

56 P45/AIN5 

55 P43/AIN3 

54 P421AIN2 

53 P41/AIN1 

52 P40/AINO 

51 P27/RRDY5 

P26/INT3 
50 

/RDSTB5/Pi5 

49 P25/WRRDY5 

48 
P24/INT1 
/WRSTB5 

47 P23/SDO 

46 P22/INT2/SCK 

45 P21/SDI/P/D 

44 P20/NMI 
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ST90E40 · ST90T40 

Figure 1 b. 56 Pin Shrink DIP Pinout 

1 
2 
3 

26 
27 
28 

56 
55 
54 

31 
30 
29 

VROA1740 

Table 3. ST90E40D-ST90T408 Pin Description 

Pin Pin name Pin Pin name 

1 P42/AIN2 56 P41/AIN1 

2 P43/AIN3 55 P40/AINO 

3 P45/AIN5 54 P23/SDO 

4 P46/AIN6 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/SOUT 

9 P57 

10 P56 
48 

P72/CLKOUT 
TXCLKIINT4 

11 P55 

12 P54 

13 P53 

47 
P73/ADTRG 
RXCLKIINT5 

46 P76\f\IWJT"A3""TI3REC 

14 P52 
45 P77iWDINIBUSACK 

15 OSCOUT 
44 RNV 

16 Vss 
43 DS 

17 OSCIN 
42 AS 

18 RESET 
41 Voo 

19 P37/T10UTB 
40 Vss 

20 P36/T11NB 
39 P07/A7/D7 

21 NC 
38 P06/A6/D6 

22 P35/T10UTA 
37 P05/A5/D5 

23 P34/T11NA 
36 P04/A4/D4 

24 P33/TOOUTB 
35 P03/A3/D3 

25 P32/TOINB 
34 P02/A2/D2 

26 P31/TOOUTA 
33 P01/A1/D1 

27 P30/P/D/TOINA 
32 POO/AO/DO 

28 P13/A11 
31 P10/A8 

30 P11/A9 

29 P12/A10 

_38_1_57 _____________ !V. ~~~~~~~~~ 
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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, or as a 
parallel processing element in a system with other 
processors and peripheral controllers. 

Figure 3. ST90E40 Block Diagram 

ST90E40 · ST90T40 

The nucleus of the ST90E40 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, 12C-bus and 1M-bus Interface, plus two 8 
bit 1/0 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 1/0 capabilities demanded by micro­
controller applications are fulfilled by the ST90E40 
with up to 56 1/0 lines dedicated to digital In­
put/Output. These lines are grouped into up to 
seven 8 bit 1/0 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 1/0 
with or without handshake. 

INTO INT7 

1 1 
16-Bit TIMER I WATCHDOG+ SPI 

CPU 

VAOA1385 

--------------- J:.U ~~~~~::"'~n 39/57 
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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 be9!.Q: 
ning of each memory cycle. The rising ed.Q!! of AS 
indicates that address, Read/Write (R!W), and 
Data Memory signals are valid for program.Q!_data 
memory transfers. Under program control, AS can 
be placed in a high-impedanc~tate alo!!Q 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 OS. 
During a read c~. Data In must be valid prior to the 
trailing edge of OS. When the ST9040 accesses on­
chip memory, DS is held high during the whole mem­
ory cycle. It can be placed in a high ~pedance 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 external 
memory transactions. RiiN is low when writing to ex­
ternal program or data memory, and high for all other 
transactions. It can be placed .!D_ a hig_bj_mpedance 
state along with Port 0, Port 1 , AS and DS. 

RESET/Vpp. Reset (input, active low) or Vpp (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 DOh and 01 h. 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. 

In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11J..LS 
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 11 0 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. 

AVoo. Analog Voo of the Analog to Digital Con­
verter. 

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

Voo. Main Power Supply Voltage (5V ± 1 0%) 

Vss. Digital Circuit Ground. 

PO.O·PO. 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 1/0 Port Lines (In­
put/Output, TTL or CMOS compatible). 56 lines 
grouped into 110 ports of 8 bits, bit programmable 
under program control as general purpose 110 or 
as alternate functions. 

1.2.1 1/0 PORTAL TERNATE FUNCTIONS 

Each pin of the 110 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 110 Port pin and a sum­
mary of packages for which they are available. 

~40~~~7~---------------------- ~~~~~:~~ 
266 



ST90E40 • ST90T40 

PIN DESCRIPTION (Continued) 

Table 4. ST9DE40, T40 110 Port Alternate Function Summary 

I/O PORT Name Function Alternate Function Pin Assignment 

Port. bit PLCC PQFP PSDIP 

PO.O AO/DO 1/0 Address/Data bit 0 mux 24 39 32 

P0.1 A1/D1 1/0 Address/Data bit 1 mux 25 40 33 

P0.2 A2/D2 1/0 Address/Data bit 2 mux 26 41 34 

P0.3 A3/D3 1/0 Address/Data bit 3 mux 27 42 35 

P0.4 A4/D4 1/0 Address/Data bit 4 mux 28 43 36 

P0.5 A5/D5 1/0 Address/Data bit 5 mux 29 44 37 

P0.6 A6/D6 1/0 Address/Data bit 6 mux 30 45 38 

PO.? A7/D7 1/0 Address/Data bit 7 mux 31 46 39 

P1.0 As 0 Address bit 8 23 38 31 

P1.1 A9 0 Address bit 9 22 37 30 

P1.2 A10 0 Address bit 1 0 21 36 29 

P1.3 A11 0 Address bit 11 20 35 28 

P1.4 A12 0 Address bit 12 19 34 

P1.5 A13 0 Address bit 13 18 33 

P1.6 A14 0 Address bit 14 17 31 

P1.7 A15 0 Address bit 15 16 30 

P2.0 NMI I Non-Maskable Interrupt 44 64 51 

P2.0 ROM less I ROM less Select (Mask option) 44 64 51 

P2.1 P/D 0 Program/Data Space Select 45 65 NC 

P2.1 SDI I SPI Serial Data Out 45 65 52 

P2.2 INT2 I External Interrupt 2 46 66 53 

P2.2 SCK 0 SPI Serial Clock 46 66 53 

P2.3 SDO 0 SPI Serial Data In 47 67 54 

P2.4 INT1 I 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 I 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 

P2.7 RDRDY5 0 Handshake Read Ready P5 51 71 

P3.0 TOlNA I MF Timer 0 Input A 15 29 27 

P3.0 P/D 0 Program/Data Space Select 15 29 27 

P3.1 TOOUTA 0 MF Timer 0 Output A 14 28 26 

P3.2 TOINB I MF Timer 0 Input B 13 27 25 

P3.3 TOOUTB 0 MF Timer 0 Output B 12 26 24 

P3.4 T11NA I MF Timer 1 Input A 11 25 23 

-------------- £iii~~~~~~~ 
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ST90E40- ST90T40 

PIN DESCRIPTION (Continued) 

Table 4. ST90E40, T40 110 Port Alternate Function Summary 

I/O PORT Name Function Alternate Function Pin Assignment 

Port. bit PLCC PQFP PSDIP 

P3.5 T10UTA 0 MF Timer 1 Output A 10 24 22 

P3.6 T11NB I MF Timer 1 Input B 9 23 20 

P3.7 T10UTB 0 MF Timer 1 Output B 8 22 19 

P4.0 AinO I AID Analog Input 0 52 72 55 

P4.1 Ain1 I AID Analog Input 1 53 73 56 

P4.2 Ain2 I AID Analog Input 2 54 74 1 

P4.3 Ain3 I AID Analog Input 3 55 75 2 

P4.4 Ain4 I AID Analog Input 4 61 4 8 

P4.5 Ain5 I AID Analog Input 5 56 76 3 

P4.6 Ain6 I AID Analog Input 6 57 77 4 

P4.7 Ain7 I AID Analog Input 7 58 78 5 

P5.0 1/0 1/0 Handshake Port 5 3 15 

P5.1 1/0 1/0 Handshake Port 5 2 14 

P5.2 1/0 1/0 Handshake Port 5 1 13 14 

P5.3 1/0 1/0 Handshake Port 5 68 11 13 

P5.4 1/0 1/0 Handshake Port 5 65 8 12 

P5.5 1/0 110 Handshake Port 5 64 7 11 

P5.6 1/0 1/0 Handshake Port 5 63 6 10 

P5.7 1/0 1/0 Handshake Port 5 62 5 9 

P7.0 SIN I SCI Serial Input 43 61 50 

P7.1 SOUT 0 SCI Serial Output 42 60 49 

P7.1 ROM less I ROMiess Select (Mask option) 42 60 49 

P7.2 INT4 I External Interrupt 4 41 59 48 

P7.2 TXCLK I SCI Transmit Clock Input 41 59 48 

P7.2 CLKOUT 0 SCI Byte Sync Clock Output 41 59 48 

P7.3 INT5 I Externallnlerrupl5 40 58 47 

P7.3 RXCLK I SCI Receive Clock Input 40 58 47 

P7.3 ADTRG I AID Conversion Trigger 40 58 47 

P7.4 INT6 I External Interrupt 6 39 57 

P7.4 P/D 0 Program/Data Space Select 39 57 

P7.5 WAIT I External Wait Input 38 56 

P7.6 WDOUT 0 T/WD Output 37 55 46 

P7.6 BUSREQ I External Bus Request 37 55 46 

P7.7 WDIN I T/WD Input 36 54 45 

P7.7 BUSACK 0 Ex1ernal Bus Acknowledge 36 54 45 

..:.:42~/5:..:.7 ___________ l:fi SCiS·niDMSON 
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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 1 FFh 
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 M_emory 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 

65535 

ST90E40 - ST90T40 

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 2537 A. 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 
12000!lW/cm2 power rating. The ST90E40 should 
be placed within 2.5cm (11nch) of the lamp tubes 
during erasure. 

65535 

255 ,..I~==~ll 

16384 .--------jf-----_j 

EPROM 

DODO '---------' 

INTERNAL 

PROGRAM 

SPACE 

EXTERNAL 

240 1-------1 

0000 L_ ___ _J 

REGISTER 

FILE 

-------------- m ~~~~~m:l!~n 

RAM 
768 I 
512 1----__j 

I EEPROM 00001._ ___ _ 

INTERNAL 

DATA 

SPACE 

EXTERNAL 

VR001400 
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ST90E40- ST90T40 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Supply Voltage -0.3!07.0 v 
AVoo, AVss Analog Supply Voltage Vss~AVss< AVoo5,Voo v 

V1 Input Voltage - 0.3 to Voo +0.3 v 
Vo Output Voltage - 0.3 to Voo +0.3 v 
Vpp Input Voltage on Vpp Pin -0.3 to 13.5 v 
TsrG Storage Temperature -55to+150 oc 

hNJ Pin Injection Current Digital -5to5 mA 

fiNJ Pin Injection Current Analog -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 is a stress rat1ng only and 
functional operation of the device at these conditions is not imphed. Exposure to maximum rating conditions for extended penods may affect 
device rehab1hty. All voltages are referenced to VSS 

RECOMMENDED OPERATING CONDITIONS 

Value 
Symbol Parameter Unit 

Min. Max. 

TA Operating Temperature -40 85 oc 
Voo Operating Supply Voltage 4.5 5.5 v 

IoseE External Oscillator Frequency 24 MHz 

fosc1 Internal Clock Frequency (INTCLK) 12 MHz 

DC ELECTRICAL CHARACTERISTICS 
Voo = 5V ± 10% T A = - 400C to + 85°C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

VIHCK Clock Input High Level External Clock 0.7Voo Voo+ 0.3 v 
VILCK Clock Input Low Level External Clock -0.3 0.3 Voo v 

TTL 2.0 Voo+0.3 v 
V1H Input High Level 

CMOS 0.7 Voo VDD+ 0.3 v 
TTL -0.3 0.8 v 

V1L Input Low Level 
CMOS -0.3 0.3 Voo v 

VI HAS RESET Input High Level 0.7Voo Voo + 0.3 v 
VILAS RESET Input Low Level -0.3 0.3 Voo v 
VHYRS RESET Input Hysteresis 0.3 1.5 v 
VoH Output High Level Push Pull, !load ~- 0.8mA Voo-0.8 v 
VoL Output Low Level 

Push Pull or Open Drain, 
0.4 v 

!load~ 1.6mA 

_44_15-'-7 ____________ LV. ~~~~~~9~ 
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ST90E40- ST90T40 

DC ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

lwpu 
Weak Pull-up Current Bidirectional Weak Pull-

up, VoL= OV 

IAPU 
Active Pull-up Current, 

V1N < 0.8V, under Reset 
for INTO and I NT? only 

ILKIO 110 Pin Input Leakage 
lnput!Tri-State, 
OV < V1N < Voo 

ILKRS Reset Pin Input Leakage OV < V1N < Voo 

AiD Pin Input Leakage 
Alternate Function, 

ILKAD Open Drain, 
OV < V1N < Voo 

ILKAP 
Active Pull-up Input 

ov < V1N < o.8V Leakage 

ILKOS OSCIN Pin Input Leakage OV < VIN<Voo 

Vpp EPROM Programming 
Voltage 

lpp EPROM Programming 
Current 

DC TEST CONDITIONS 

2.4V~ TTL INPUT 
FORCING CONDITION 

0 45V 

0.8v00~ CMOS INPUT 
FORCING CONDITION O 

.2Voo 

Value 

Min. Typ. Max. 

-50 -200 -420 

-80 -200 -420 

-10 +10 

-30 +30 

-3 +3 

-10 +10 

-10 +10 

12.2 12.5 12.8 

30 

PUSH-PULL OUTPUT 
TEST CONDITION 

~"1" SOURCE CURRENT= -0.8mA 

~"0" SINK CURRENT= 1.6mA 

WEAK PULL-UP OUTPUT 

TEST CONDITION 

Unit 

!!A 

!!A 

!!A 

!!A 

!!A 

!!A 

!!A 

v 

mA 
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ST90E40 - ST90T40 

AC ELECTRICAL CHARACTERISTICS 
(Voo = 5V ± 10% TA =- 40°C to + 85°C, unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

Run Mode Current 
leo no CPUCLK prescale, 24M Hz 50 mA 

Clock divide by 2 

Run Mode Current 
loP2 Prescale by 2 24M Hz 30 mA 

Clock divide by 2 

WFI Mode Current 
lwFI no CPUCLK prescale, 24M Hz 20 mA 

Clock divide by 2 

IHALT HALT Mode Current 24M Hz 50 100 fLA 
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ST90E40 - ST90T40 

PACKAGE MECHANICAL DATA 

80-Pin Ceramic Quad Flat Package with Window 

Dim. mm Inches 
A 

Min Typ Max Min Typ Max 

A 3.55 0.14 

A2 3 40 0.133 

0 23 90 0.941 

0 
01 20.00 0.787 

03 18 40 0.724 

E 17.90 0.705 

E1 14 00 0 551 

E3 1200 0 472 

0 7.62 0.3 

e 080 0 032 

Number of Pins 
A2 N 80 

NO 24 

VROB1500 NE 16 

68-Pin Ceramic Lead less Chip Carrier with Window 

Dim. mm inches 
NE Min Typ Max Min Typ Max r- Nu-;;,t;.; "7>1 P;,;;; -~ A 4.47 0.176 

Pin 1 A1 0.89 0.035 

rrr~oo~ooo~m B~ A3 
B 048 0 019 

,_,,~, .. T ,~I 
B1 
0 251 0.990 

NO I~ II I £J I II 03 01 0 01 23.6 0.930 '• "' '"j 
r_~;;~oo\ 

I I 03 20 3 0.800 
e II Ill 

E 25.1 0990 II 111 

*=~ 
E1 23 6 0.930 
E3 20.3 0.800 

f--- E3 --------1 :~ 0 8 0.32 

E1 'I 127 0 050 

E Number of Pins 

N I 68 

VROA1534 
NO I 16 

NE I 16 
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ST90E40 - ST90T40 

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

t5 
Dim. mm Inches 

Min Typ Max Min Typ Max 

,,f~17 ~,p/!lffi---1'1 
A 

A1 

' I Al f Ll B 

~ _ B I _el 
81 
c 

~ Q2.. D 
- D - 01 

K E - - - - - -

~~a-
E1 
L 

e1 

1- t 0 -If-- 0 
~ " Number of Pins 

f N 56 
1 N/2 VROA1727 

ORDERING INFORMATION 

Sales Type Frequency Temperature Range Package 

ST90E40L 1/ES111 ooc to+ 70°C CLCC68W 

ST90E40G1/ESI11 24M Hz ooc to+ 70°C CQFPBOW 

ST90E40D1/ES111 ooc to+ 70°C CSDIP56W 

ST90T40C6 -40°C to + ssoc PLCC68 

ST90T40Q1 24M Hz ooc to+ 70°C PQFPBO 

ST90T40B6 -40°C to + ssoc PSDIP56 

Note . EPROM parts are tested at25'C only 

_48_15_7 ___________ ffi SCiS·niOMSON 
'JI. li:lllc~r:mol1lle~ 
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ST90R40 
ROMLESS HCMOS MCU 

WITH EEPROM, RAM AND AID CONVERTER 

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

• Minimum instruction cycle time:500ns 
(12M Hz internal) 

• ROMiess 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 

PQFPBO 

PLCC68 

(Ordering Information at the end of the Datasheet) 
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ST90R40 

Figure 1. 80 Pin PQFP Package 

80 65 

64 

41 

25 40 

VROA1649 

Table 1. ST90R40Q Pin Description 

Pin Name Pin Name Pin Name Pin Name 
1 AVss 25 P34/T11NA 64 P20/NMI 80 AVoo 

2 AVss 26 P33fTOOUTB 63 NC 79 NC 

3 NC 27 P32fTOINB 62 Vss 78 P47/AIN7 

4 P44/AIN4 28 P31fTOOUTA 61 P70/SIN 77 P46/AIN6 

5 P57 29 P30/P/DfTOINA 60 P71/SOUT 76 P45/AIN5 

6 P56 30 A15 P72/INT4fTXCLK 75 P43/AIN3 
59 

/CLKOUT P42/AIN2 7 P55 31 A14 74 

8 P54 32 NC P73/INT5 73 P41/AIN1 
58 

/RXCLKIADTRG P40/AINO 9 INT7 33 A13 72 

10 INTO 34 A12 57 P74/P/D/INT6 71 P27/RRDY5 

11 P53 35 A11 56 P75/WAIT P26/INT3 
NC 

70 
/RDSTB5!P/D 12 36 A10 P76/WDOUT 

55 
/BUSREQ 13 P52 37 A9 69 P25/WRRDY5 

14 P51 38 AS P77/WDIN P24/INT1 54 
/BUSACK 

68 
/WRSTB5 15 P50 39 AO/DO 

16 OSCOUT 40 A1/D1 53 R/W 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 Voo 

22 P37/T10UTB 47 Voo 
23 P36/T11NB 46 A7/D7 

24 P35/T10UTA 45 A6/D6 

44 A5/D5 

43 A4/D4 

42 A3/D3 

41 A21D2 

_so_t5_7 ____________ l.U ~~~~=~~ 
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Figure 2. 68 Pin PLCC Package 

60 44 
-------------~ 

61 f 43 
I 

1: I 
I 

1: I 

68 ~ 1: 
1 ~ • 1: 21 

I 1: 
I 

1: I 

el II 

~ 27 

10 26 

VROD1649 

Table 2. ST90R40C Pin Description 

Pin Name Pin Name Pin Name 

61 P44/Ain4 10 P35/T10UTA 43 P70/SIN 

62 P57 11 P341T11NA 42 P71/SOUT 

63 P56 12 P33/TOOUTB P72/CLKOUT 
41 

/TXCLKIINT4 64 P55 13 P32/TOINB 

65 P54 14 P31/TOOUTA P73/ADTRG 
40 

/RXCLKIINT5 66 INT7 15 P30/P/D/TOINA 

67 INTO 16 A15 39 P74/P/D/INT6 

68 P53 17 A14 38 P75!WAIT 

• 1 P52 18 A13 P76/WDOUT 
37 

/BUSREQ 2 P51 19 A12 

3 P50 20 A11 P77/WDIN 
36 

/BUSACK 4 OSCOUT 21 A10 

5 Vss 22 A9 35 R!W 

6 OSCIN 23 A8 34 DS 

7 RESET 24 AD/DO 33 AS 

B P37/T10UTB 25 A1/D1 32 Voo 

9 P36/T11NB 26 A2/D2 31 A7/D7 

30 A6/D6 

29 A5/D5 

28 A4/D4 

27 A3/D3 

~ SCiS·niOMSON -------------- A."f£ llilllt:~©IID."'"fA!lfilli;~ 

ST90R40 

Pin Name 

60 AVss 

59 AVoo 

58 P47/Ain7 

57 P46/Ain6 

56 P45/Ain5 

55 P43/Ain3 

54 P42/Ain2 

53 P41/Ain1 

52 P40/Ain0 

51 P27/RRDY5 

P26/INT3 
50 

/RDSTB5/PlD 

49 P25/WRRDY5 

P24/INT1 
48 

!WRSTB5 

47 P23/SDO 

46 P22/INT2/SCK 

45 P21/SDI/P/D 

44 P20/NMI 
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ST90R40 

1.1 GENERAL DESCRIPTION 

The ST90R40 is a ROM LESS member of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectron­
ics using a propnetary n-well HCMOS process. 
The ROM LESS 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 ST90R40 is fully compatible with the ST9040 
ROM version and this datasheet will thus provide 
only information specific to the ROM LESS 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 mcludes the Central Processing Unit (CPU), 
the Register File, a 16 bit Timer/Watchdog with 8 
bit Prescaler2 a Serial Peripheral Interface support­
ing S-BUS, I C-bus and 1M-bus Interface, plus two 

Figure 3. Block Diagram 

8 bit 1/0 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 1/0 capabilities demanded by micro­
controller applications are fulfilled by the ST90R40 
with up to 56 1/0 lines dedicated to memory ad­
dressing or digital lnpuVOutput. These lines are 
grouped into up to seven 8 bit 1/0 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, external 
interrupts and serial or parallel 1/0 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 

1 1 
16-Bit TIMER I WATCHDOG + SPI 

CPU 

VROB1385 

=52::./5:..:7 ____________ LW. ~~~~~~ 
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GENERAL DESCRIPTION (Continued) 

In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 1111s 
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 begl!:!.: 
ning of each memory cycle. The rising edg? of AS 
indicates that address, Read/Write (R!W), and 
Data Memory signals are valid for program ..Q.I:_ data 
memory transfers. Under program control. AS can 
be placed in a high-impedanc~tate alo!J9 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 im_Qedance state along with Port 0, Port 1, AS 
and R!W. 

R/W. Read/Write (output, 3-state). Read/Write de­
termines the dir~tion 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_§_high l!:!lPedance 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 OOh and 
01h. 

ST90R40 

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. 

AVoo. Analog Voo of the Analog to Digital Con­
verter. 

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

Voo. Main Power Supply Voltage (5V±1 0%) 

Vss. Digital Circuit Ground. 

ADO-AD?, (PO.O-PO.?) Address/Data Lines (ln­
puVOutput, TTL or CMOS compatible). 8 lines pro­
viding a multi~xed address and data bus, under 
control of the AS and DS timing signals. 

AS-A 15 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-
P7.7 110 Port Lines (lnpuVOutput, TTL or CMOS 
compatible). 40 lines grouped into 1/0 ports of 8 
bits, bit programmable under program control as 
general purpose 1/0 or as Alternate functions (see 
next section). 

1.2.1 1/0 PORT ALTERNATE FUNCTIONS 

Each pin of the l/0 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 1/0 
Port pins. 

---------------------------- ~~~~~~~~:~~ 
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ST90R40 

PIN DESCRIPTION (Continued) 

Table 3. 1/0 Port Alternate Function Summary 

I/O PORT Function 
Alternate Function 

Pin Assignment 
Name 

IN/OUT Port. bit PQFPBO PLCC68 

PO.O AO/DO 1/0 Address/Data bit 0 mux 39 24 

P0.1 A1/D1 1/0 Address/Data bit 1 mux 40 25 

P0.2 A2/D2 1/0 Address/Data bit 2 mux 41 26 

P0.3 A3/D3 1/0 Address/Data bit 3 mux 42 27 

P0.4 A4/D4 1/0 Address/Data bit 4 mux 43 28 

P0.5 A5/D5 1/0 Address/Data bit 5 mux 44 29 

P0.6 A6/D6 1/0 Address/Data bit 6 mux 45 30 

PO.? A7/D7 1/0 Address/Data bit 7 mux 46 31 

P1.0 A8 0 Address bit 8 38 23 

P1.1 A9 0 Address bit 9 37 22 

P1.2 A10 0 Address bit 10 36 21 

P1.3 A11 0 Address bit 11 35 20 

P1.4 A12 0 Address bit 12 34 19 

P1.5 A13 0 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 I Non-Maskable Interrupt 64 44 

P2.1 P/D 0 Program/Data Space Select 65 45 

P2.1 SDI I SPI Serial Data Out 65 45 

P2.2 INT2 I External Interrupt 2 66 46 

P2.2 SCK 0 SPI Serial Clock 66 46 

P2.3 SDO 0 SPI Serial Data In 67 47 

P2.4 INT1 I External Interrupt 1 68 48 

P2.4 WRSTB5 0 Handshake Write Strobe P5 68 48 

P2.5 WRRDY5 I Handshake Write Ready P5 69 49 

P2.6 INT3 I External Interrupt 3 70 50 

P2.6 RDSTB5 I Handshake Read Strobe P5 70 50 

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

P2.7 RDRDY5 0 Handshake Read Ready P5 71 51 

P3.0 TOlNA I MF Timer 0 Input A 29 15 

P3.0 P/D 0 Program/Data Space Select 29 15 

P3.1 TOOUTA 0 MF Timer 0 Output A 28 14 

P3.2 TOINB I MF Timer 0 Input B 27 13 

P3.3 TOOUTB 0 MF Timer 0 Output B 26 12 

P3.4 T11NA I MF Timer 1 Input A 25 11 

54/57 

280 



ST90R40 

PIN DESCRIPTION (Continued) 

Table 3. 110 Port Alternate Function Summary (Continued) 

1/0 PORT Function Pin Assignment 
Name 

IN/OUT 
Alternate Function 

Port. bit PQFP80 PLCC68 

P3.5 T10UTA 0 MF Timer 1 Output A 24 10 

P3.6 T11NB I MF Timer 1 Input B 23 9 

P3.7 T10UTB 0 MF Timer 1 Output B 22 8 

P4.0 AinO I AID Analog Input 0 72 52 

P4.1 Ain1 I AID Analog Input 1 73 53 

P4.2 Ain2 I AID Analog Input 2 74 54 

P4.3 Ain3 I AID Analog Input 3 75 55 

P4.4 Ain4 I AID Analog Input 4 4 61 

P4.5 Ain5 I AID Analog Input 5 76 56 

P4.6 Ain6 I AID Analog Input 6 77 57 

P4.7 Ain7 I AID Analog Input 7 78 58 

P5.0 1/0 1/0 Handshake Port 5 15 3 

P5.1 1/0 1/0 Handshake Port 5 14 2 

P5.2 1/0 1/0 Handshake Port 5 13 1 

P5.3 1/0 1/0 Handshake Port 5 11 68 

P5.4 1/0 1/0 Handshake Port 5 8 65 

P5.5 1/0 1/0 Handshake Port 5 7 64 

P5.6 1/0 1/0 Handshake Port 5 6 63 

P5.7 1/0 1/0 Handshake Port 5 5 62 

P7.0 SIN I SCI Serial Input 61 43 

P7.1 SOUT 0 SCI Serial Output 60 42 

P7.2 INT4 I External Interrupt 4 59 41 

P7.2 TXCLK I SCI Transmit Clock Input 59 41 

P7.2 CLKOUT 0 SCI Byte Sync Clock Output 59 41 

P7.3 INT5 I External Interrupt 5 58 40 

P7.3 RXCLK I SCI Receive Clock Input 58 40 

P7.3 ADTRG I AID Conversion Trigger 58 40 

P7.4 INT6 I Externallnterrupt6 57 39 

P7.4 P/D 0 Program/Data Space Select 57 39 

P7.5 WAIT I External Wait Input 56 38 

P7.6 WDOUT 0 T/WDOutput 55 37 

P7.6 BUSREQ I External Bus Request 55 37 

P7.7 WDIN I T/WD Input 54 36 

P7.7 BUSACK 0 External Bus Acknowledge 54 36 

---------------~ ~~~~~~f::m?~ 55/57 
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ST90R40 

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 1 FFh and the 256 bytes of 

Figure 4. Memory Spaces 

65535 

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 PiD Alternate Function output. The on­
chip general purpose (GP) Registers may be used 
as RAM memory. 

65535 

255 r'-----, 

0000 _____ t__ ___ __J 

INTERNAL EXTERNAL 

PROGRAM 

SPACE 

240 1------1 

0000 '------~ 

REGISTER 

FILE 
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ST90R40 

ORDERING INFORMATION 

Sales Type Frequency Temperature Range Package 

ST90R40C6 -40°C to + 85°C PLCC68 
24M Hz 

ST90R40Q1 0 octo+ 70 oc PQFPBO 

---------------------------- ~~~~~~~~~~~ 
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ST9 - Software 

1 SOFTWARE DESCRIPTION 
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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 

ST9 - Software 

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 
Destination Notation 

Location 

Instruction Immediate 
Byte #N 
Word #NN 

Direct 
Byte r 
Word rr 

Register File Indirect Byte/Word (r) 

Indexed Byte/Word N(r) 

Indirect Post-Increment Byte (r)+ 

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 r.b 

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

09-93 1/48 
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ST9 - Software 

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 
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ST9 - Software 

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 I' I Immediate 

Two Operands Load Instructions 121 

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 

3/48 
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ST9 - Software 

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: ldw 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: ldw RR42, #OFFFFh. 

Figure 1·1. Immediate Register 

AddreSSing In The In a Workmg In an Absolute In 
Mode lnstructron 

IMMEDIATE 
REGISTER 

Regrster Regrsler Memory 

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 

Addressmg In The 
Mode lnstructron 

DIRECT 
REGISTER 

In a Workmg In an Absolute In 
Regrster Regtster Memory 

VROB1845 

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 ld 
(rll), R200 loads the value 178 into register 86. 

Note: the ind1rect address can only be conta1ned in a working regis­
ter. 

Figure 1-3. Indirect Register 

Addressmg In The 
Mode lnstructron 

INDIRECT 
REGISTER 

In a Workrng In an Absolute 1 n 
Regrster Regrster Memory 

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 

ld 40(r1 O},r18 

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

The Register File never needs an absolute value 
reguiring more than one byt~ and therefore only re­
quires a short offset and a smgle register to contain 
the index. 
Note. The index value can only be contained in a working register. 

Figure 1-4. Indexed Register 

Addressmg In The 
Mode lnstructton 

INDEXED 
REGISTER 

In a Workmg In an Absolute In 
Regrster Regrster Memory 
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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 

ld (rr2)+,(r8)+ 

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

Addressmg In The 
Mode InstructiOn 

INDIRECT 
REGISTER 

WITH 
POST-INCREMENT 

In a Workmg In an Absolute In 
Reg1ster Reg1ster Memory 

In the direct bit addressing mode, any bit in any 
working register can be addressed 

Examples: bset r7. 3 

This instruction sets the bit 3 of the working register 
7. 
bid r7.3, r12.6 

This instruction loads the bit 6 of the working regis­
ter 12 in bit 3 of working register 7 

ST9 - Software 

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 

ld 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: 

ld 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 

Addressmg In The 
Mode Instruction 

MEMORY 
DIRECT 

In a Workmg In an Absolute In 
Aeg1ster Reg1ster Memory 
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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 

ld (rr8),#34 

loads the value 34 into memory location 2000. 

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

ldw (rr8),#3467 

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

Figure 1-7. Memory Indirect 

Addressrng In The 
Mode InstructiOn 

MEMORY 
INDIRECT 

In a Work.rng In an Absolute In 
Regrster Regrster Memory 

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 

ld 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 
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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 
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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 rr6 contains the 
value 1111 and location 111 0 contains the value 
40 then the instruction 

ld R56,-(rr6) 

decrements the value in rr6 to 111 0 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. 

Figure 1·9. Memory Indirect Pre-Decrement 
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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 

ld 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. 

ld 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 rrx(rry), x and y being in the range 
0,2,4 ... 12, 14. 

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

ld rr4(rrO),R45 

loads the value 78 into memory location 5555. 

ST9 - Software 

Figure 1-10. Memory Indexed with Immediate 
Short Offset 

Addressmg In The 
Mode Instruction 

MEMORY 
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Reg1ster Reg1ster Memory 

Figure 1-11. Memory Indexed with Immediate 
Long Offset 
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Figure 1-12. Memory Indexed with Register 
Offset 

Addressing In The 
Mode Instruction 

MEMORY 
INDEXED 

WITH 
REGISTER 
OFFSET 

In a Workmg In an Absolute In 
Reg1ster Reg1ster Memory 

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. 
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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) 

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. 

8/48 r== -------------- ... ..,~.~~~~~!:::.!In 
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INSTRUCTION SET (Continued) 

Load Instructions (Two Operands) 

Mnemonic Operands 

LD dst,src 
LOW dst,src 

LDPP dst,src 
LDPD dst,src 
LDDP dst,src 
LDDD dst,src 

Arithmetic and Logic Instructions (Two Operands) 

Mnemonic Operands 

ADD dst,src 
ADDW dst,src 

ADC dst,src 
ADCW dst,src 

SUB dst,src 
SUBW dst,src 

SBC dst,src 
SBCW dst,src 

AND dst,src 
ANDW dst,src 

OR dst,src 
ORW dst,src 

XOR dst,src 
XORW dst,src 

CP dst,src 
CPW dst,src 

TM dst,src 
TMW dst,src 

TCM dst,src 
TCMW dst,src 

ST9 - Software 

Instruction 

Load 
Load Word 

Load Program Memory -> Program Memory 
Load Data Memory -> Program Memory 
Load Program Memory -> Data Memory 
Load Data Memory -> Data Memory 

Instruction 

Add 
Add Word 

Add With carry 
Add Word With Carry 

Substract 
Substract Word 

Substract With Carry 
Substract Word With Carry 

Logical AND 
Logical Word AND 

Logical OR 
Logical Word OR 

Logical Exclusive OR 
Logical Word Exclusive OR 

Compare 
Compare Word 

Test Under Mask 
Test Word Under Mask 

Test Complement Under Mask 
Test Word Complement Under Mask 

9/48 
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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 
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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 BitXOR 

-------------- l:fi. ~~~~~=:~~~ 11/48 
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INSTRUCTION SET (Continued) 

Program Control Instructions (One, Two or Three Operands) 

Mnemonic Operands Instruction 

RET Return from Subroutine 

I RET 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 II 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 

DJNZ dst,N 
Decrement a Working Register and Jump 
if NonZero 

DWJNZ dst,N Decrement a Register Pair and Jump if 
NonZero 

CPJFI dst,N Compare and Jump on False. Otherwise 
Post Increment 

CPJTI dst,N Compare and Jump on True. Otherwise 
Post Increment 

_12_~_8 ________________________ ~~~~~~~~ 
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INSTRUCTION SET (Continued) 

Miscellaneous (None, One or Two Operands) 

Mnemonic Operands 

XCH dst,src 

SRP src 

SRPO src 

SRP1 src 

SPP src 

EXT dst 

El 

Dl 

SCF 

RCF 

CCF 

SPM 

SDM 

NOP 

Instruction 

Exchange Registers 

Set Register Pointer Long (16 working registers) 

Set Register Pointer 0 (8 LSB working register) 

Set Register Pointer 1 (8 MSB working register) 

Set Page Pointer 

Sign Extend 

Enable Interrupts 

Disable Interrupts 

Set Carry Flag 

Reset Carry Flag 

Complement Carry Flag 

Select Program Memory 

Select Data Memory 

No Operation 

~ SliS-mOMSON --------------- ~'"fl. fiillrr:IRloollie1m!I©IRiorr:~ 
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INSTRUCTION SET (Continued) 

1.2.1 ST9 Processor Flags 

An important feature of a single chip microcom· 
puler 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: 

C- Carry 

z- Zero 

S- Sign 

V ·Overflow 

D - Decimal Adjust 

H - Half Carry 

Table 1-2. Condition Codes Table 

Mnemonic 
Meaning 

code 

F Always False 

T Always True 

c Carry 

NC Not carry 

z Zero 

NZ Not Zero 

PL Plus 

Ml Minus 

ov Overflow 

NOV No Overflow 

EO Equal 

NE Not Equal 

GE 
Greater Than 
or Equal 

LT Less Than 

GT Greater Than 

LE Less Than or Equal 

UG 
Unsigned Greater 
Than or Equal 

UL Unsigned Less Than 

UGT 
Unsigned 
Greater Than 

ULE 
Unsigned Less 
Than or Equal 

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· 
lecture Chapter. 

1.2.2 Condition Codes 
Flags C, Z, S, and OV control the operation of the 
"conditional" Jump instructions. The next table 
shows the condition codes and the flag settings. 

Note : Some of the Status flags are used to indicate 
more than one condition e.g . Zero and Equal. In 
such cases the condition code is the same for both 
conditions. 

Flag Hex. Binary 
setting value value 

0 0000 ----
8 1000 ----

C=1 7 0111 

C=O F 1111 

Z=1 6 0011 

Z=O E 1110 

8=0 D 1101 

8=1 5 0101 

V=1 4 0100 

V=O c 1100 

Z=1 6 0110 

Z=O E 1110 

(8 xor V)=O 9 1001 

(8xorV)=1 1 0001 

(Z or(8 xor V))=O A 1010 

(Z or(S xor V))=1 2 0010 

C=O F 1111 

C=1 7 0111 

(C=O and Z=0)=1 B 1011 

(Cor Z)=1 3 0011 

_14_14_8 ___________ ID SCiS·THOMSDN 
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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) 

Notation Significance 

cc Condition Code 

#N Immediate Byte #data 
#NN Immediate Word #data 

r Direct Working Register rn 

R Direct Register Rn 

rr Direct Working Register Pair rrn 

RR Direct Register Pair RRn 

(r) Indirect Working Register (rn) 

(R) Indirect register (Rn) 

(r)+ 
Indirect working register post 

(rn)+ 
increment 

N(rx) Indexed register N(rx) 

N Memory relative Short Address 

NN Direct Memory Long Address 

(rr) 
Indirect Pair of Working 

(rrn) 
Register Pointers 

(rr)+ 
Indirect Pair of Working Register 

(rrn)+ 
Pointers with Post Increment 

-(rr) 
Indirect Pair of Working Register 

-(rrn) 
Pointers with Pre Decrement 

ST9 - Software 

The notation for operands (condition codes and 
address modes) and the actual operands they rep­
resent are as follows: 

Actual Operand/Range 

where data is a byte expression 
where data is a word expression 

where n=0-15 

where n=0-255 

where n is an even number in the range 0-15. 
(n=0,2,4,6 .... 14) 

where n is an even number in the range 0-254. 
(n=0,2,4,6 .... 254) 

where n=0-15 

where n=0-255 

where n=0-15 

where x=0-15; N=0-255 (one byte) 

Program label or expression in the range+ 127/-128 
starting from the address of the next instruction 

Program label or expression in the range 0-65535 in 
memory area 

Where n is an even number in the range 
0-15.(n=0,2,4,6 .... 14) 

where n is an even number in the range 
0-15.(n=0,2,4,6 .... 14) 

where n is an even number in the range 
0-15.(n=0,2,4,6 .... 14) 

'=='= SliS·ntOMSON 
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INSTRUCTION SET (Continued) 

Table 1-4. Notation (Part 2) 

Notation Significance 

Indexed Pair of Working 
N(rrx) Register Pointers with 

Short Offset 

Indexed Pair of Working 
NN(rrx) Register Pointers with Long 

Offset 

Indexed Pair of Register N(RRx) 
Pointers with Short Offset 

Indexed Pair of Register 
NN(RRx) Pointers with Long Offset 

Indexed Pair of Working 

rr(rrx) 
Registers with a Pair of 
Working Registers used as 
Offset 

Bit po1nter in a direct working r.b 
register 

Bit pointer in a Memory 

(rr).b Location using a Pair of 
Indirect Working Registers as 
Address Pointer 

(RR) Indirect pair of Register Pointer 

Actual Operand/Range 

where x is an even number in the range 
N(rrx) 0-15.(n=0,2,4,6 .... 14) and N is a signed one 

byte expression between+ 127/-128 

where xis an even number in the range 

NN(rrx) 
0-15.(n=0,2,4,6 .... 14) and NN is word 
expression in the range between 0 and 
65535 

where xis an even number in the range 
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(RRx) 0-255.(n=0,2,4,6 .... 14) and NN is word 

expression in the range between 0 and 65535 

rrn(rrx) 
where n and x are two even numbers in the 
range 0-15. (n,x=0,2,4,6 .... 14) 

n=0.15 and b is a number between 
rn.b 0-7;0 LSB 

7 MSB 

where n is an even number in the range 

(rrn).b 0-15.(n=0,2,4,6 .... 14) and b is a number 
between 0-7 0 LSB 

7MSB 

(RRn) where n is an even number in the range 
0-255.(n=0,2,4,6 .... 254) 

_16_14_B ____________ I.V. ~~~~:~~ 
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1.3 INSTRUCTION SUMMARY 

The following tables summarize the operation for 
each of the instructions which are listed with their 
corresponding mnemonic codes, addressing 
modes, byte counts, timing information, and af­
fected flags. 

GENERAL NOTES: 

FLAGS STATUS: 

- 11 : affected 

- - : not affected 

- 0 : reset to zero 

- 1 : setto one 

? : undefined 

ST9 - Software 

Note: for detailed information on the instruction set 
refer to the ST9 programming manual. 

- dst: destination operand 

- src: source operand 

- SSP: system stack pointer 

- USP: user stack pointer 

- PC: program counter 

- cc: condition code 

- C: carry flag 

- Z: zero flag 

- S: sign flag 

- V: overflow flag 

- D: decimal adjust flag 

- CIC: central interrupt control register 
- DP : data/program memory flag 
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INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

ADC : Addition of 2 bytes with carry 

ADC r r 2 6 dsk-dSI+SrC+C A A A 1\ 0 A 

ADC R R 3 10 dsk·dSI+SfC+C A 1\ 1\ 1\ 0 A 

ADC r R 3 10 dsk·dSI+src+C A 1\ 1\ A 0 A 

ADC R r 3 10 dsl<-dSI+src+C 1\ 1\ 1\ 1\ 0 A 

ADC r (r) 2 6 dsk-dsl+src+C A A A A 0 A 

ADC R (r) 3 10 dsk-dSI+SfC+C 1\ 1\ 1\ 1\ 0 A 

ADC r (rr) 3 12 dsk-dSI+SfC+C I\ 1\ 1\ 1\ 0 A 

ADC R (rr) 3 12 dsk-dst+src+C A 1\ A 1\ 0 A 

ADC r NN 4 18 dsl<-dSI+SfC+C 1\ 1\ 1\ 1\ 0 A 

ADC r N(rrx) 4 24 dsl<-dsl+src+C 1\ 1\ 1\ 1\ 0 A 

ADC R N(rrx) 4 24 dsk-dsl+src+C 1\ 1\ 1\ 1\ 0 A 

ADC r NN(rrx) 5 26 dsl<-dst+src+C A A A A 0 A 

ADC R NN(rrx) 5 26 dsk-dsi+SfC+C A A A A 0 A 

ADC r rr(rrx) 3 22 dsk-dsl+src+C A A A A O A 

ADC r (rr)+ 3 16 dsk-dst+src+C A A A A O A 

rr<-rr+ 1 
ADC R (rr)+ 3 16 dsk-dS!+SfC+C A A A A 0 A 

rr<-rr+ 1 
ADC r -(rr) 3 16 rr<-rr-1 A A A A 0 A 

dsk-dst+src+C 
ADC R -(rr) 3 16 rr<-rr-1 1\ 1\ 1\ 1\ 0 A 

dsk-dSI+src+C 
ADC (r) r 3 10 dsk-dsl+src+C {\ /1. 1\ 1\ 0 A 

ADC (r) R 3 10 dsk-dsl+src+C 1\ 1\ 1\ 1\ 0 A 

ADC (rr) r 3 18 dsl<-dSI+SfC+C 1\ 1\ 1\ 1\ 0 A 

ADC (rr) R 3 18 dsk-dSI+SrC+C 1\ A 1\ 1\ 0 A 

ADC (rr)+ r 3 22 dsk-dst+src+C A A A A 0 A 

rr<-rr+1 
ADC (rr)+ R 3 22 dsl<-dsl+src+C {\ I\ 1\ 1\ 0 A 

rr<-rr+ 1 
ADC NN r 4 20 dsk-dsi+SfC+C 1\ 1\ 1\ 1\ 0 A 

ADC N(rrx) r 4 26 dsl<-dSI+SrC+C A A A A O A 

ADC N(rrx) R 4 26 dsk-dS!+SrC+C A A A A O A 

ADC NN(rrx) r 5 28 dsk-dSI+src+C A A A A 0 A 

ADC NN(rrx) R 5 28 dsk-dS!+SfC+C A A A A 0 A 

ADC rr(rrx) r 3 24 dsk-dSI+SfC+C A A A A 0 A 

ADC -(rr) r 3 24 rr<-rr-1 A A A A 0 A 

dsk-dst +SfC+C 
ADC -(rr) R 3 22 rr<-rr-1 A A A A 0 A 

dsk-dst+SfC+C 
ADC r #N 3 10 dsl<-dsl+sre+C A 1\ 1\ 1\ 0 A 

ADC R #N 3 10 dsk-dsi+SfC+C 1\ 1\ 1\ 1\ 0 A 

ADC (rr) #N 3 16 dsl<-dst+src+C 1\ II. 1\ /1. 0 A 

ADC NN #N 5 24 dsk-dSI+SfC+C 1\ 1\ (\ 1\ 0 A 

ADC (rr) (rr) 3 20 dsk-dSI+SfC+C fl. II. 1\ A 0 A 

ADC (RR) (rr) 3 20 dsk-dsl+src+C 1\ {\ I\ 1\ 0 A 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

ADCW : Add word with carry 

ADCW rr rr 2 10 dsk-dst+src+C A A A A ? ? 
ADCW RR RR 3 12 dsk-dst+src+C A A A A ? ? 
ADCW rr RR 3 12 dsk-dst+src+C A A A A ? ? 
ADCW RR rr 3 12 dsk·dst+src+C A A A A ? ? 
ADCW rr (r) 3 14 dsk·dst+src+C A A A A ? ? 
ADCW RR (r) 3 14 dsk·dSI+SfC+C A A A A ? ? 
ADCW rr (rr) 2 16 dsk·dSI+SrC+C A A A A ? ? 
ADCW RR (rr) 3 18 dsk-dsl+src+C A A A A ? ? 
ADCW rr NN 4 22 dsk-dsl+src+C A A A A ? ? 
ADCW rr N(rrx) 4 28 dsk-dsl+src+C A A A A ? ? 
ADCW RR N(rrx) 4 28 dst<-dst+src+C A A A A ? ? 
ADCW rr NN(rrx) 5 30 dst<-dst+src+C A A A A ? ? 
ADCW RR NN(rrx) 5 30 dsl<-dsl+src+C A A A A ? ? 
ADCW rr rr(rrx) 3 26 dsl<-dst+src+C A A A A ? ? 
ADCW rr (rr)+ 3 22 dsk-dst+src+C A A A A ? ? 

rr<-rr+2 
ADCW RR (rr)+ 3 22 dsl<-dsl+src+C A A A A ? ? 

rr<-rr+2 
ADCW rr -(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk-dst+src+C 
ADCW RR -(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk-dst+src+C 
ADCW (r) rr 3 14 dsl<-dst+src+C A A A A ? ? 
ADCW (r) RR 3 14 dst<-dst+src+C A A A A ? ? 
ADCW (rr) rr 2 30 dsk-dsl+src+C A A A A ? ? 
ADCW (rr) RR 3 30 dsk-dsl+src+C A A A A ? ? 
ADCW (rr)+ rr 3 32 dsl<-dst+src+C A A A A ? ? 

rr<-rr+2 
ADCW (rr)+ RR 3 32 dsl<-dsl+src+C A A A A ? ? 

rr<-rr+2 
ADCW NN rr 4 32 dsk-dsi+SfC+C A A A A ? ? 
ADCW N(rrx) rr 4 38 dsk-dsl+src+C A A A A ? ? 
ADCW N(rrx) RR 4 38 dsk-dsl+src+C A A A A ? ? 
ADCW NN(rrx) rr 5 38 dsl<-dSI+SfC+C A A A A ? ? 
ADCW NN(rrx) RR 5 38 dsl<-dsl+src+C A A A A ? ? 

ADCW rr(rrx) rr 3 34 dsl<-dsl+src+C A A A A ? ? 
ADCW -(rr) rr 3 34 rr<-rr-2 A A A A ? ? 

dsk-dst+src+C 
ADCW -(rr) RR 3 32 rr<-rr-2 A A A A ? ? 

dsk-dSI+SfC+C 
ADCW rr #NN 4 14 dsl<-dst+src+C A A A A ? ? 
ADCW RR #NN 4 14 dsl<-dsl+src+C A A A A ? ? 
ADCW (rr) #NN 4 32 dsk-dsl+src+C A A A A ? ? 
ADCW NN #NN 6 36 dsk-dsl+src+C A A A A ? ? 
ADCW N(rrx) #NN 5 36 dsk-dSI+SfC+C A A A A ? ? 
ADCW NN(rrx) #NN 6 38 dsl<-dsl+src+C A A A A ? ? 
ADCW (rr) (rr) 2 32 dsl<-dSI+SfC+C A A A A ? ? 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

ADD : Addition of 2 bytes without carry 

ADD r r 2 6 dsk-ds!+src • • • • 0 • 

ADD R R 3 10 dsk-dst+src II. A II. A 0 • 

ADD r R 3 10 dsk-dst+src . . . • 0 • 

ADD R r 3 10 dsk-dst+src • • • • 0 • 

ADD r (r) 2 6 dsk-dst+src • • • • 0 • 

ADD R (r) 3 10 dsk-dst+src • • • • 0 • 

ADD r (rr) 3 12 dsk-dst+src . . . • 0 • 

ADD R (rr) 3 12 dst<-dst+src . . . • 0 • 

ADD r NN 4 18 dsk-dst+src 1\ A 1\ J\ Q A 

ADD r N(rrx) 4 24 dsk-dst+src A II. A /1. 0 • 

ADD R N(rrx) 4 24 dsk-ds!+src 1\ A A 1\ 0 • 

ADD r NN(rrx) 5 26 dsk-dst+src • • • • 0 • 

ADD R NN(rrx) 5 26 dsk-dst+src • • • • 0 • 

ADD r rr(rrx) 3 22 dst<-dst+src . . . • 0 • 

ADD r (rr)+ 3 16 dsk-dst+src • • • • 0 • 

rr<-rr+1 
ADD R (rr)+ 3 16 dst<-dst+src • • • • 0 • 

rr<-rr+1 
ADD r -(rr) 3 16 rr<-rr-1 II. 1\ II. 1\ 0 • 

dst<-dst+src 
ADD R -(rr) 3 16 rr<-rr-1 • • • • 0 • 

dst<-dst+src 
ADD (r) r 3 10 dsk-dst+src • • • • 0 • 

ADD (r) R 3 10 dst<-dst+src A II. II. 1\ 0 • 

ADD (rr) r 3 18 dsk-dst+src A 1\ 1\ 1\ 0 • 

ADD (rr) R 3 18 dsk-dst+src . . 1\ A Q 1\ 

ADD (rr)+ r 3 22 dsk-dst+src • • • • 0 • 
rr<-rr+1 

ADD (rr)+ R 3 22 dst<-dst+src II. 1\ II. 1\ 0 • 
rr<-rr+1 

ADD NN r 4 20 dst<-dst+src A 1\ 1\ 1\ 0 • 

ADD N(rrx) r 4 26 dsk-dst+src . . . • 0 • 

ADD N(rrx) R 4 26 dsk-dst+src • • • • 0 • 

ADD NN(rrx) r 5 28 dsk-dst+src • • • • 0 • 

ADD NN(rrx) R 5 28 dsk-dst+src • • • • 0 • 

ADD rr(rrx) r 3 24 dst<-dst+src A 1\ II. J\ 0 • 

ADD -(rr) r 3 22 rr<-rr-1 A A A 1\ 0 • 
dsk-dst+src 

ADD -(rr) R 3 22 rr<-rr-1 II. II. II. 1\ 0 • 
dsk-ds!+src 

ADD r #N 3 10 dsk-ds!+src A II. A II. 0 • 
ADD R #N 3 10 dsk-ds!+src A 1\ A A 0 • 
ADD (rr) #N 3 16 dst<-dst+src • • • • 0 • 
ADD NN #N 5 24 dst<-dst+src • • • • 0 • 
ADD (rr) (rr) 3 20 dsk-dst+src 1\ 1\ 1\ A Q 1\ 

ADD (RR) (rr) 3 20 dst<-dst+src A A A II. 0 • 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

ADDW : Add word without carry 

ADDW rr rr 2 10 dsk-dst+src A A A A ? ? 
ADDW RR RR 3 12 dsk-dst+src A A A A ? ? 
ADDW rr RR 3 12 dsk-dsl+src A A A A ? ? 
ADDW RR rr 3 12 dst<-dst+src A A A A ? ? 
ADDW rr (r) 3 14 dst<-dst+src A A A A ? ? 
ADDW RR (r) 3 14 dsk-dst+src A A A A ? ? 
ADDW rr (rr) 2 16 dsk-dst+src A A A A ? ? 
ADDW RR (rr) 3 18 dsk·dsl+src A A A A ? ? 
ADDW rr NN 4 22 dsk·dsl+src A A A A ? ? 
ADDW rr N(rrx) 4 28 dsk·dsl+src A A A A ? ? 
ADDW RR N(rrx) 4 28 dsk-dst+src A A A A ? ? 
ADDW rr NN(rrx) 5 30 dsk-dst+src A A A A ? ? 
ADDW RR NN(rrx) 5 30 dsk-dst+src A A A A ? ? 
ADDW rr rr(rrx) 3 26 dsk·dsl+src A A A A ? ? 
ADDW rr (rr)+ 3 22 dsk·dsl+src A A A A ? ? 

rr<-rr+2 
ADDW RR (rr)+ 3 22 dsk·dsl+src A A A A ? ? 

rr<-rr+2 
ADDW rr ·(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk·dsl+src 
ADDW RR ·(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk-dst+src 
ADDW (r) rr 3 14 dsk-dsl+src A A A A ? ? 
ADDW (r) RR 3 14 dsk-dsl+src A A A A ? ? 
ADDW (rr) rr 2 30 dsk-dst+src A A A A ? ? 
ADDW (rr) RR 3 30 dsk-dst+src A A A A ? ? 
ADDW (rr)+ rr 3 32 dsk-dst+src A A A A ? ? 

rr<·rr+2 
ADDW (rr)+ RR 3 32 dsk-dst+src A A A A ? ? 

rr<-rr+2 
ADDW NN rr 4 32 dsk·dst+src A A A A ? ? 
ADDW N(rrx) rr 4 38 dsk·dsl+src A A A A ? ? 
ADDW N(rrx) RR 4 38 dsk·dst+src A A A A ? ? 
ADDW NN(rrx) rr 5 38 dst<-dst+src A A A A ? ? 
ADDW NN(rrx) RR 5 38 dsk·dst+src A A A A ? ? 
ADDW rr(rrx) rr 3 34 dsk·dst+src A A A A ? ? 
ADDW -(rr) rr 3 32 rr<·rr-2 A A A A ? ? 

dsk-dsl+src 
ADDW -(rr) RR 3 32 rr<·rr-2 A A A A ? ? 

dsk-dst+src 
ADDW rr #NN 4 14 dsk·dst+src A A A A ? ? 
ADDW RR #NN 4 14 dsk-dst+src A A A A ? ? 
ADDW (rr) #NN 4 32 ds!<·dst+src A A A A ? ? 
ADDW NN #NN 6 36 dst<·dsl+src A A A A ? ? 
ADDW N(rrx) #NN 5 36 dsk·dst+src A A A A ? ? 
ADDW NN(rrx) #NN 6 38 dsk-dst+src A A A A ? ? 
ADDW (rr) (rr) 2 32 dst<-dst+src A A A A ? ? 

21/48 

307 



ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

AND : Logical AND between 2 bytes 

AND r r 2 6 dsk-dst AND src _ A A 0 - -
AND R R 3 10 dsk-dst AND src • A A 0 - -
AND r R 3 10 dsk-dst AND src - A A 0 - -
AND R r 3 10 dsk-dst AND src - A A O - -
AND r (r) 2 6 dst<-dst AND src - A A 0 - -
AND R (r) 3 10 dsk-dst AND src - A A 0 - -
AND r (rr) 3 12 dsk-dst AND src - A A 0 - -
AND R (rr) 3 12 dsk-dst AND src • A A 0 - -
AND r NN 4 18 dsk-dst AND src _ A A 0 - -
AND r N(rrx) 4 24 dsk-dst AND src - A A 0 - -
AND R N(rrx) 4 24 dsk-dst AND src - A A 0 - -
AND r NN(rrx) 5 26 dsk-dst AND src - A A 0 - -
AND R NN(rrx) 5 26 dsk-dst AND src - A A 0 - -
AND r rr(rrx) 3 22 dsk-dst AND src - A A 0 - -
AND r (rr)+ 3 16 dsk-dst AND src - A A 0 - -

rr<-rr+ 1 
AND R (rr)+ 3 16 dst<-dst AND src - A A O - -

rr<-rr+1 
AND r -(rr) 3 16 rr<-rr-1 _ A A 0 - -

dsk-dst AND src 
AND R -(rr) 3 16 rr<-rr-1 - A A 0 - -

dsk-dst AND src 
AND (r) r 3 10 dsk-dst AND src - A A 0 - -
AND (r) R 3 10 dsk-dst AND src _ A A 0 - -
AND (rr) r 3 18 dsk-dst AND src - A A 0 - -
AND (rr) R 3 18 dst<-dst AND src _ A A 0 - -
AND (rr)+ r 3 22 dst<-dst AND src - A A O - -

rr<-rr+1 
AND (rr)+ R 3 22 dst<-dst AND src • A A 0 - -

rr<-rr+1 
AND NN r 4 20 dsk-dst AND src _ A A 0 - -
AND N(rrx) r 4 26 dsk-dst AND src • A A 0 - -
AND N(rrx) R 4 26 dsk-dst AND src - A A 0 - -
AND NN(rrx) r 5 28 dst<-dst AND src - A A 0 - -
AND NN(rrx) R 5 28 dst<-dst AND src _ A A 0 - -
AND rr(rrx) r 3 24 dsk-dst AND src - A A 0 - -
AND -(rr) r 3 22 rr<-rr-1 - A A 0 - -

dsk-dst AND src 
AND -(rr) R 3 22 rr<-rr-1 - A A 0 - -

dsk-dst AND src 
AND r #N 3 10 dst<-dst AND src - A A O - -
AND R #N 3 10 dsk-dst AND src - A A 0 - -
AND (rr) #N 3 16 dsk-dst AND src - A A 0 - -
AND NN #N 5 24 dsk-dst AND src • A A 0 - -
AND (rr) (rr) 3 20 dSt<-dst AND src - A A 0 - -
AND (RR) (rr) 3 20 dst<-dst AND src - A A O - -
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INSTRUCTION SUMMARY (Continued) 

Mnemo. dst src Bytes Clock 
Operation 

cycles 

ANDW : Logical AND between two words 

ANDW rr rr 2 10 
ANDW RR RR 3 12 
ANDW rr RR 3 12 
ANDW RR rr 3 12 
ANDW rr (r) 3 14 
ANDW RR (r) 3 14 
ANDW rr (rr) 2 16 
ANDW RR (rr) 3 18 
ANDW rr NN 4 22 
ANDW rr N(rrx) 4 28 
ANDW RR N(rrx) 4 28 
ANDW rr NN(rrx) 5 30 
ANDW RR NN(rrx) 5 30 
ANDW rr rr(rrx) 3 26 
ANDW rr (rr)+ 3 22 

ANDW RR (rr)+ 3 22 

ANDW rr -(rr) 3 24 

ANDW RR ·(rr) 3 24 

ANDW (r) rr 3 14 
ANDW (r) RR 3 14 
ANDW (rr) rr 2 30 
ANDW (rr) RR 3 30 
ANDW (rr)+ rr 3 32 

ANDW (rr)+ RR 3 32 

ANDW NN rr 4 32 
ANDW N(rrx) rr 4 38 
ANDW N(rrx) RR 4 38 
ANDW NN(rrx) rr 5 38 
ANDW NN(rrx) RR 5 38 
ANDW rr(rrx) rr 3 34 
ANDW ·(rr) rr 3 32 

ANDW -(rr) RR 3 32 

ANDW rr #NN 4 14 
ANDW RR #NN 4 14 
ANDW (rr) #NN 4 32 
ANDW NN #NN 6 36 
ANDW N(rrx) #NN 5 36 
ANDW NN(rrx) #NN 6 38 
ANDW (rr) (rr) 2 32 

------------ r;='J. SGS-niDMSDN 
&.'!~. i'>lllii:IFillilllMC1J'IJII©!RlO<i!!i! 

dsk·dst AND src 
dsk-dst AND src 
dsk·dst AND src 
dsk·dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk·dst AND src 
dsk·dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk·dst AND src 
rr<-rr+2 
dSk·dst AND src 
rr<·rr+2 
rr<·rr-2 
dsk·dst AND src 
rr<·rr-2 
dsk·dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk·dst AND src 
rr<·rr+2 
dsk-dst AND src 
rr<-rr+2 
dsk-dst AND src 
dsk·dst AND src 
dsk-dst AND src 
dsk·dst AND src 
dsk-dst AND src 
dsk-dst AND src 
rr<-rr-2 
dsk-dst AND src 
rr<-rr·2 
dsk·dst AND src 
dsk·dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk-dst AND src 
dsk·dst AND src 
dsk·dst AND src 
dsk·dst AND src 

ST9 - Software 

Flags 
CZSVDH 

- A A 0 - -
- A A 0 - -
. A A 0 .. 
. A A 0 .. 
. A A 0 .. 
. A A 0 . . 
. A A 0 .. 
. A A 0 .. 
. A A 0 .. 
- A A O - . 
- A A 0 - . 
- A A 0 - -
- A A 0 - -
- A A 0 - -
- A A 0 - . 

. A A 0 .. 

. A A 0 .. 

. A A 0 .. 

. A A 0 . . 

. A A 0 .. 
- A A 0 - -
. A A 0 - -
- A A 0 - -
. A A 0 . -

- A A 0 .. 
. A A O . -
. A A O .. 
. A A 0 .. 

- A A 0 .. 
- A A 0 - -
- A A 0 . -

- A A 0 . -

. A A 0 .. 

. A A 0 .. 
- A A 0 - . 
- A A 0 - -
. A A 0 . -
- A A O . -
. A A O . -
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags src 

cycles CZSVDH 

BAND : Bit AND 

BAND r.b r.b 3 14 dst bik-dst bit AND src bit ------
BAND r.b r.!b 3 14 dst bik-dst bit AND complemented src bit ------

BCPL : Bit Complement 

BCPL r.b 2 6 dst bik-dst bit complemented ------

BLD : Bit Load 

BLD r.b r.b 3 14 dst bik-src bit ------
BLD r.b r.!b 3 14 dst bik-src bit complemented ------

BOR: Bit OR 

BOR r.b r.b 3 14 dst bik-dst bit OR src bit - - - - - -
BOR r.b r.!b 3 14 dst bik-dst bit OR complemented src bit ------

BRES : Bit Reset 

BRES r.b 2 6 dst bit<- 0 ------

BSET : Bit Set 

BSET r.b 2 6 dst bit<- 1 - - - - - -

BT JF, BT JT : Bit test and jump 

BTJF r.b N 3 14/16 If test bit is 0, PC<-PC+N - - - - - -

BTJT r.b N 3 14/16 If test bit is 1, PC<-PC+N - - - - - -

BXOR : Bit Exclusive OR 

BXOR r.b r.b 3 14 dst bil<-dst bit XOR src bit ------
BXOR r.b r.!b 3 14 dst bik-dst bit XOR complemented src bit ------

BTSET : Bit Test and Set 

BTSET r.b 2 8 If test bit= 0, test bit <-1 ,Z<-1 _ A A 0 _ -
BTSET (rr).b 2 20 If test bit = 0, test bit <-1 ,Z<-1 _ A A 0 _ 
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310 



ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

CALL : Call a subroutine 

CALL NN 3 18 SSP<·SSP-2,(SP)< - - - - - -
PC, PC<-dst 

CALL (rr) 2 16 " " - - - - - -

CALL (RR) 2 16 " " - - - - -

CCF : Complement Carry Flag 

CCF 1 6 C<-C - - - - - -
complemented 

CLR : Clear register 

CLR r 2 6 dsl<-0 - - - - -
CLR R 2 6 dsl<-0 - - - - - -
CLR (r) 2 6 dsk-0 - - - - - -
CLR (R) 2 6 dsl<-0 - - - - - -

-------------- @'. ~~~~~=!~~ 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

CP : Compare bytes 

CP r r 2 6 dst-src A A A A - -
CP R R 3 10 dst-src A A A A - -
CP r R 3 10 dst-src A A A A - -
CP R r 3 10 dst-src A A A A - -
CP r (r) 2 6 dst-src A A A A - -
CP R (r) 3 10 dst-src A A A A - -
CP r (rr) 3 12 dst-src A A A A - -
CP R (rr) 3 12 dst-src A A A A - -
CP r NN 4 18 dst-src A A A A - -
CP r N(rrx) 4 24 dst-src A A A A - -
CP R N(rrx) 4 24 dst-src A A A A - -
CP r NN(rrx) 5 26 dst-src A A A A 

CP R NN(rrx) 5 26 dst-src A A A A - -
CP r rr(rrx) 3 22 dst-src A A A A - -
CP r (rr)+ 3 16 dst-src,rr<-rr+ 1 A A A A - -
CP R (rr)+ 3 16 dst-src,rr<-rr+ 1 A A A A - -
CP r -(rr) 3 16 rr<-rr-1,dst-src A A A A - -

CP R -(rr) 3 16 rr<-rr-1,dst-src A A A A - -
CP (r) r 3 10 dst-src A A A A - -
CP (r) R 3 10 dst-src A A A A . . 

CP (rr) r 3 18 dst-src A A A A . . 
CP (rr) R 3 18 dst-src A A A A - . 

CP (rr)+ r 3 22 dst-src,rr<·rr+ 1 A A A A - . 

CP (rr)+ R 3 22 dst-src,rr<·rr+ 1 A A A A . . 

CP NN r 4 20 dst-src A A A A . . 

CP N(rrx) r 4 26 dst-src A A A A . 

CP N(rrx) R 4 26 dst-src A A A A 

CP NN(rrx) r 5 28 dst-src A A A A . . 

CP NN(rrx) R 5 28 dst-src A A A A . . 

CP rr(rrx) r 3 24 dst-src A A A A . . 

CP -(rr) r 3 22 rr<·rr·1,dst·src A A A A . . 

CP -(rr) R 3 22 rr<-rr-1,dst-src A A A A . 

CP r #N 3 10 dst-src A A A A . 

CP R #N 3 10 dst-src A A A A . 

CP (rr) #N 3 16 dst-src A A A A . . 

CP NN #N 5 22 dst-src A A A A -

CP (rr) (rr) 3 18 dst-src A A A A . . 

CP (RR) (rr) 3 18 dst-src A A A A . . 

CPL : Complement register 

CPL r 2 6 dsl<- NOT dst . A A 0 . . 

CPL R 2 6 dsl<- NOT dst A A 0 
CPL (r) 2 6 dsl<- NOT dst - A A 0 . 

CPL (R) 2 6 dsl<- NOT dst . A A 0 . 

CPJFI, CPJTI :Compare with post-increment 

If compare not 

CPJFI (rr) r,N 3 22/24 
verified jump ------
otherwise post-
increment 

If compare verified 
CPJTI (rr) r,N 3 22/24 jump otherwise post· - - - - -

increment 
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INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

src 
cycles 

CPW : Compare word 

CPW rr rr 2 10 
CPW RR RR 3 12 
CPW rr RR 3 12 
CPW RR rr 3 12 
CPW rr (r) 3 14 
CPW RR (r) 3 14 
CPW rr (rr) 2 16 
CPW RR (rr) 3 18 
CPW rr NN 4 22 
CPW rr N(rrx) 4 28 
CPW RR N(rrx) 4 28 
CPW rr NN(rrx) 5 30 
CPW RR NN(rrx) 5 30 
CPW rr rr(rrx) 3 26 
CPW rr (rr)+ 3 22 

CPW RR (rr)+ 3 22 

CPW rr -(rr) 3 24 

CPW RR -(rr) 3 24 

CPW (r) rr 3 14 
CPW (r) RR 3 14 
CPW (rr) rr 2 26 
CPW (rr) RR 3 28 
CPW (rr)+ rr 3 30 

CPW (rr)+ RR 3 30 

CPW NN rr 4 30 
CPW N(rrx) rr 4 36 
CPW N(rrx) RR 4 36 
CPW NN(rrx) rr 5 36 
CPW NN(rrx) RR 5 36 
CPW rr(rrx) rr 3 32 
CPW -(rr) rr 3 30 

CPW -(rr) RR 3 30 

CPW rr #NN 4 14 
CPW RR #NN 4 14 
CPW (rr) #NN 4 30 
CPW NN #NN 6 34 
CPW N(rrx) #NN 5 34 
CPW NN(rrx) #NN 6 36 
CPW (rr) (rr) 2 32 

~ SCiS-THOMSDN 
----------------- ... ...,.,. l'l!Dil:li!@I!ILil!ll:ll1ffi@IRlDIG~ 

ST9 - Software 

Operation 
Flags 

CZSVDH 

dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' -

dst·src ' ' ' ' -

dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' 
dst-src ' ' ' ' -
rr<-rr+2 
dst-src ' ' ' ' - -
rr<-rr+2 
rr<-rr-2 ' ' ' ' - -
dst-src 
rr<-rr-2 ' ' ' ' - -
dst-src 
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -

dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
rr<-rr+2 
dst-src ' ' ' ' -
rr<-rr+2 
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -

dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
rr<-rr-2 ' ' ' ' - -
dst-src 
rr<·rr-2 ' ' ' ' - -
dst-src 
dst-src ' ' ' ' - -
dst-src ' ' ' ' - -
dst-src ' A ' A - -
dst-src ' A ' ' - -
dst-src ' ' ' ' - -
dst-src ' ' ' ' 
dst-src ' ' ' ' 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

DA : Decimal adjust 

DA r 2 6 dst<- DAds! A A 1\ ?- _ 
DA R 2 6 dsk- DAds! A A A ? •. 
DA (r) 2 6 dsk-DAdst fl. II. A ? - -
DA (R) 2 6 dsk-DAdst A A A ? • _ 

DEC : Decrement 

DEC r 2 6 dst<- dst-1 _ A A II. __ 

DEC R 2 6 dsk-dst-1 _A A II. __ 

DEC (r) 2 6 dst<- dst-1 • A A 1\ •• 

DEC (R) 2 6 dsk-dst-1 -1\1\ II.--

DECW : Decrement Word 

DECW rr 2 8 dsk-dst-1 • II. A II. •• 

DECW RR 2 8 dst<-dst-1 _ A A A • _ 

Dl : Disable Interrupts 

Dl 1 6 Bit 4 of the CIC Register is set to 0 - - - - - -
DIV: Divide 16 by 8 

DIV rr r 2 28/20 
dst I src <- dst high=remalnder 

note 1 
16/8 <- dst low=result 

DIVWS: Divide Word Stepped 32 by 16 

DIVWS 
rrhigh 

rr 3 28 32/16 note 1 rrlow 

DJNZ : Decrement a working register and Jump if Non Zero 

DJNZ r N 2 10/12 r <- r-1, If r=O then PC<-PC+N note2 

DWJNZ : Decrement a register pair and Jump if Non Zero 

DWJNZ rr N 3 12/16 rr<-rr-1, If rr=O then PC<-PC+N note2 
DWJNZ RR N 3 12/16 RR<-RR-1 ,If RR=O then PC<-PC+N 

Notes: 
1. Refer to the ST9 Programming Manual for detailed information. 
2. Working registers in groups D, E and Fare not allowed. 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

El : Enable Interrupts 

El 1 6 Bit 4 of the CICR register is set to 1 ------

EXT : Sign extend 

EXT rr 2 10 r(7) -> r(n) n=B·15 ------
EXT RR 2 10 R(7) -> R(n) n=B·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 dsk-dst+1 - A A A --
INC R 2 6 dsk-dst+1 - A A A --
INC (r) 2 6 dsk-dSt+1 - A A A --
INC (R) 2 6 dst<- dst+1 - A A A --

INCW : Increment Word 

INCW rr 2 8 dsk-dst+1 - A A A --
INCW RR 2 8 dsk-dst+1 - A A A --

IRET : Return from Interrupt Routine 

I RET 1 16 FLAGS<-(SSP),SSP<-SSP+ 1, 
note 1 

PC<-(SSP), SSP<-SPP+2, CIC{4)<-1 

JP : Jump to a Routine 

JP NN 3 10 PC<-dst - - - - - -

JP (rr) 2 8 PC<-dst - - - - - -

JP (RR) 2 8 PC<-dst - - - - -

JPcc NN 3 10 
IF cc(condition code) is true, -----
PC<-dst 

JRcc : Conditional Relative Jump to a Routine 

JRcc N 2 10/12 
IF cc(condition code)is true, ------
PC<-PC+dst 

Note 1 : All flags are restored to original setting (before interrupt occured). 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation src cycles 

LD : Load byte instructions 

LD r r 2 6 dsk-src 
LD R R 3 10 dsk-src 
LD r R 2 6 dsk-src 
LD R r 2 6 dsk-src 
LD r (r) 2 6 dsk-src 
LD R (r) 3 10 dsk-src 
LD r (rr) 2 10 dsk-src 
LD R (rr) 3 12 dsk-src 
LD r NN 4 18 dsk-src 
LD r N(rx) 3 10 dsk-src 
LD r N(rrx) 4 24 dsk-src 
LD R N(rrx) 4 24 dsk-src 
LD r NN(rrx) 5 26 dsk-src 
LD R NN(rrx) 5 26 dsk-src 
LD r rr(rrx) 3 22 dsk-src 
LD r (rr)+ 3 16 dsk-src,rr<-rr+ 1 
LD R (rr)+ 3 16 dsk-src,rr<-rr+ 1 
LD r -(rr) 3 16 rr<-rr-1 ,dsk-src 
LD R -(rr) 3 16 rr<-rr-1 ,dsk-src 
LD (r) r 2 6 dsk-src 
LD (r) R 3 10 dsk-src 
LD (rr) r 2 10 dsk-src 
LD (rr) R 3 14 dsk-src 
LD (rr)+ r 3 18 dsk-src,rr<-rr+ 1 
LD (rr)+ R 3 18 dsk-src,rr<-rr+ 1 
LD NN r 4 18 dst-src 
LD N(rx) r 3 10 dst-src 
LD N(rrx) r 4 24 dst-src 
LD N(rrx) R 4 24 dst-src 
LD NN(rrx) r 5 26 dst-src 
LD NN(rrx) R 5 26 dst-src 
LD rr(rrx) r 3 22 dst-src 
LD -(rr) r 3 18 rr<-rr-1 ,dsk-src 
LD -(rr) R 3 18 rr<-rr-1 ,dsk-src 
LD r #N 2 6 dsk-src 
LD R #N 3 10 dsk-src 
LD (rr) #N 3 12 dsk-src 
LD NN #N 5 20 dsk-src 
LD (rr) (rr) 3 16 dsk-src 
LD (RR) (rr) 3 16 dsk-src, 
LD (r)+ (rr)+ 2 14 rr<-rr+ 1 ,r<-r+ 1 
LD (rr)+ (r)+ 2 18 rr<-rr+ 1 ,r<-r+ 1 

LDPP,LDDP,LDPD, LDDD :Load from I to program I data memory 

LDPP (rr)+ (rr)+ 
LDDP (rr)+ (rr)+ 
LDPD (rr)+ (rr)+ 
LDDD (rr)+ (rr)+ 

Notes: 
1. dst tn Program Memory, src in Program Memory 
2. dst in Data Memory, src in Program Memory 

2 16 dsk-src ltl,rr<-rr+ 1 
2 16 dsk-src 12l,rr<-rr+ 1 
2 16 dsk-src 13l,rr<-rr+ 1 
2 16 dsk-src 14l,rr<-rr+ 1 

3.dst in Program Memory, src tn Data Memory 
4.dst in Data Memory, src in Data Memory 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

LOW : Load word instructions 

LOW rr rr 2 10 dsk-src - - - - - -

LOW RR RR 3 10 dsk-src - - - - - -
LOW rr RR 3 10 dsk-src - - - - - -
LOW RR rr 3 10 dsk-src - - - - -
LOW rr (r) 3 10 dsk-src - - - - -
LOW RR (r) 3 10 dsk-src - - -

LOW rr (rr) 2 16 dsk-src - - - -
LOW RR (rr) 3 18 dsk-src - - - -
LOW rr NN 4 22 dsk-src - - - -
LOW rr N(rx) 3 16 dsk-src - - - - - -
LOW rr N(rrx) 4 28 dsk-ssc - - - - - -
LOW RR N(rrx) 4 28 dsk-src - - - - - -
LOW rr NN(rrx) 5 30 dsk-src - - - -
LOW RR NN(rrx) 5 30 dsk-src - - - -
LOW rr rr(rrx) 3 24 dsk-src - - - - -
LOW rr (rr)+ 3 20 dsk-src,rr<-rr+2 - -
LOW RR (rr)+ 3 20 dsk-src,rr<-rr+2 - - -
LOW rr -(rr) 3 22 rr<-rr-2,dsk-src - -
LOW RR -(rr) 3 22 rr<-rr-2,dsk-src - - -
LOW (r) rr 3 10 dsk-src - - -
LOW (r) RR 3 10 dsk-src - - -
LOW (rr) rr 2 18 dsk-src - - - - -
LOW (rr) RR 3 20 dsk-src - - - - -
LOW (rr)+ rr 3 24 rr<-rr+2,dsk-src - - - - - -
LOW (rr)+ RR 3 24 rr<-rr+2,dsk-src - - - - - -
LOW NN rr 4 22 dsk-src - - - - - -
LOW N(rx) rr 3 14 dsk-src - - - - - -
LOW N(rrx) RR 4 26 dsk-src - - - - -
LOW N(rrx) rr 4 26 dsk-src - - - - -
LOW NN(rrx) RR 5 28 dsk-src - - - - - -
LOW NN(rrx) rr 5 28 dsk-src - - - - - -
LOW rr(rrx) rr 3 24 dsk-src - - - - - -
LOW -(rr) rr 3 26 rr<-rr-2,dsk-src - - - - -
LOW -(rr) RR 3 26 rr<-rr-2,dsk-src - - - - -

LOW rr #NN 4 12 dsk-src - - - - - -
LOW RR #NN 4 12 dsk-src - - - - - -
LOW (rr) #NN 4 22 dsk-src - - - - - -
LOW N(rrx) #NN 5 28 dsk-src - - - - -
LOW NN(rrx) #NN 6 30 dsk-src - - - - -
LOW NN #NN 6 26 dsk-src - - - - -

LOW (rr) (rr) 2 22 dsk-src - - - - -
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src cycles CZSVDH 

MUL : Multiply 

MUL rr r 2 22 
dst <· dst x src, 8 x 8 

note 1 
multiply 

NOP : No operation 

NOP 1 6 No Operation - - - -
OR : Logical OR between 2 bytes 

OR r r 2 6 dsk-dst OR src A A 0 - -
OR R R 3 10 dsk-dst OR src A A 0 - -
OR r R 3 10 dsk-dst OR src A A 0 - -

OR R r 3 10 dsk-dst OR src A A 0 - -
OR r (r) 2 6 dsk-dst OR src A A 0 - -
OR R (r) 3 10 dsk-dst OR src A A 0 - -
OR r (rr) 3 12 dsk-dst OR src A A 0 - -
OR R (rr) 3 12 dsk-dst OR src - A A 0 - -
OR r NN 4 18 dsk-dst OR src A A 0 - -
OR r N(rrx) 4 24 dsk-dst OR src - A A 0 - -
OR R N(rrx) 4 24 dsk-dst OR src - A A 0 - -
OR r NN(rrx) 5 26 dsk-dst OR src - A A 0 - -
OR R NN(rrx) 5 26 dsk-dst OR src - A A 0 - -
OR r rr(rrx) 3 22 dsk-dst OR src - A A 0 - -
OR r (rr)+ 3 16 dsl<-dst OR src A - A 0 -

rr<-rr+ 1 
OR R (rr)+ 3 16 dsk-dst OR src - A A 0 -

rr<-rr+ 1 
OR r -(rr) 3 16 rr<-rr-1 - A A 0 

dsl<-dst OR src 
OR R -(rr) 3 16 rr<-rr-1 - A A 0 

dsk-dst OR src 
OR (r) r 3 10 dsk-dst OR src A A 0 - -
OR (r) R 3 10 dsk-dst OR src - A A 0 - -

OR (rr) r 3 18 dsk-dst OR src A A 0 - -
OR (rr) R 3 18 dsl<-dst OR src A A 0 - -
OR (rr)+ r 3 22 dsk-dst OR src A A 0 - -

rr<-rr+ 1 
OR (rr)+ R 3 22 dsk-dst OR src A A 0 - -

rr<-rr+ 1 
OR NN r 4 20 dsl<-dst OR src A A 0 -
OR N(rrx) r 4 26 dsk-dst OR src - A A 0 
OR N(rrx) R 4 26 dsk-dst OR src - A A 0 
OR NN(rrx) r 5 28 dsk-dst OR src A A 0 
OR NN(rrx) R 5 28 dsk-dst OR src - A A 0 
OR rr(rrx) r 3 24 dsk-dst OR src - A A 0 
OR -(rr) r 3 22 dsk-dst OR src - A A 0 

rr<-rr-1 
OR -(rr) R 3 22 dsk-dst OR src - A A 0 - -

rr<-rr-1 
OR r #N 3 10 dsk-dst OR src - A A 0 - -
OR R #N 3 10 dsk-dst OR src - A A 0 - -

OR (rr) #N 3 16 dsk-dst OR src - A A 0 - -
OR NN #N 5 24 dsk-dst OR src - A A 0 - -
OR (rr) (rr) 3 20 dsk-dst OR src - A A 0 - -
OR (RR) (rr) 3 20 dsk-dst OR src - A A 0 - -

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

_32_14_8 ___________ ID SCiS·THOMSON 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags src 

cycles CZSVDH 

ORW : Logical OR between two words 

ORW rr rr 2 10 dsk·dst OR src - A A 0 - -
ORW RR RR 3 12 dsk-dst OR src - A A 0 
ORW rr RR 3 12 dsl<-dst OR src A A 0 -
ORW RR rr 3 12 dsl<-dst OR src A A 0 - -
ORW rr (r} 3 14 dsk-dst OR src - A A 0 - -
ORW RR (r} 3 14 dsk-dst OR src - A A 0 - -
ORW rr (rr} 2 16 dsl<-dst OR src - A A 0 - -
ORW RR (rr} 3 18 dsk-dst OR src - A A 0 - -
ORW rr NN 4 22 dsk-dst OR src - A A 0 - -
ORW rr N(rrx} 4 28 dsk-dst OR src - A A 0 - -
ORW RR N(rrx} 4 28 dsk-dst OR src A A 0 - -
ORW rr NN(rrx} 5 30 dsl<-dst OR src A A 0 - -
ORW RR NN(rrx} 5 30 dsl<-dst OR src A A 0 -
ORW rr rr(rrx} 3 26 dsk-dst OR src A A 0 -
ORW rr (rr}+ 3 22 dsk-dst OR src - A A 0 

rr<·rr+2 
ORW RR (rr}+ 3 22 dsk-dst OR src - A A 0 -

rr<·rr+2 
ORW rr -(rr} 3 24 rr<-rr-2 - A A 0 -

dsl<-dst OR src 
ORW RR -(rr} 3 24 rr<-rr-2 - A A 0 - -

dsk-dst OR src 
ORW (r} rr 3 14 dsl<-dst OR src - A A 0 - -
ORW (r} RR 3 14 dsk-dst OR src - A A 0 - -
ORW (rr) rr 2 30 dsk-dst OR src - A A 0 -
ORW (rr) RR 3 30 dsl<-dst OR src A A 0 
ORW (rr}+ rr 3 32 dsk-dst OR src A A 0 

rr<-rr+2 
ORW (rr}+ RR 3 32 dsk-dst OR src A A 0 -

rr<-rr+2 
ORW NN rr 4 32 dsk-dst OR src - A A 0 - -
ORW N(rrx} rr 4 38 dsk-dst OR src - A A 0 - -
ORW N(rrx} RR 4 38 dsk-dst OR src - A A 0 - -
ORW NN(rrx) rr 5 38 dsk-dst OR src - A A 0 - -
ORW NN(rrx) RR 5 38 dsl<-dst OR src - A A 0 - -
ORW rr(rrx} rr 3 34 dsl<-dst OR src - A A 0 - -
ORW -(rr} rr 3 32 rr<·rr-2 - A A 0 - -

dsl<-dst OR src 
ORW -(rr} RR 3 32 rr<-rr-2 A A 0 - -

dsk-dst OR src 
ORW rr #NN 4 14 dsl<-dst OR src - A A 0 - -

ORW RR #NN 4 14 dsk-dst OR src - A A 0 - -
ORW (rr} #NN 4 32 dsk-dst OR src - A A 0 - -
ORW NN #NN 6 36 dsl<-dst OR src - A A 0 - -
ORW N(rrx} #NN 5 36 dsk-dst OR src - A A 0 - -
ORW NN(rrx} #NN 6 38 dsk-dst OR src - A A 0 -

ORW (rr} (rr) 2 32 dsk-dst OR src - A A 0 -
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles 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)<-rrx+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 dsi<-(SSP), SSP<-SSP+1 ------
POP R 2 10 dsi<-(SSP), SSP<-SSP+ 1 ------
POP (r) 2 10 dsi<-(SSP), SSP<-SSP+ 1 ------
POP (R) 2 10 dsi<-(SSP}, SSP<-SSP+ 1 ------

POPU : Pop user stack 

POPU r 2 10 dsi<-(USP), USP<-USP+ 1 ------
POPU R 2 10 dsi<-(USP), USP<-USP+ 1 ------
POPU (r) 2 10 dsi<-(USP), USP<-USP+ 1 ------
POPU (R) 2 10 dsi<-(USP), USP<-USP+ 1 ------

POPUW : Pop word from user stack 

POPUW rr 2 14 dsi<-(USP}, USP<-USP+2 ------
POPUW RR 2 14 dsi<-(USP), USP<-USP+2 ------

POPW : Pop word from system stack 

POPW rr 2 14 dsi<-(SSP), SSP<-SSP+2 ------
POPW RR 2 14 dsi<-(SSP), SSP<-SSP+2 ------

PUSH : Push system stack 

PUSH r 2 10 SSP<-SSP-1, (SSP)<-src ------
PUSH R 2 10 SSP<-SSP-1, (SSP)<-src ------
PUSH (r) 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 (r) 2 10 USP<-USP-1, (USP)<-src ------
PUSHU (R) 2 10 USP<-USP-1, (USP)<-src ------
PUSHU #N 3 16 USP<-USP-1, (USP)<-src ------

PUSHUW : Push word on user stack 

PUSHUW rr 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 rr 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 ------
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

RCF : Reset carry flag 

RCF 1 6 C<-0 0 - - - - -

RET : Return from subroutine 

RET 1 12 PC<- (SSP), SSP<- SPP+2 ------

RLC : Rotate left through carry 

RLC r 2 6 dst(O)<-C, C<-dst(7) 1\/1. A II __ 

dst(n+ 1 )<-dst(n) n=0-6 
RLC R 2 6 " " 1\1\ A 1\ --

RLC (r) 2 6 " " 1\1\1\1\ --

RLC (R) 2 6 " " 1\1\1\/1.--

RLCW : Rotate word left through carry 

RLCW rr 2 8 dst(O)<-C, C<-dst(15) 
dst(n+ 1 )<-dst(n) n=0-14 

RLCW RR 2 8 

ROL : Rotate left 

ROL r 2 6 C<-dst(7), dst(0)<-dst(7) 1\1\1\1\--

dst(n+ 1 )<-dst(n) n=0-6 
ROL R 2 6 1\1\1\1\ --

ROL (r) 2 6 " " 1\1\1\1\ --

ROL (R) 2 6 " 1\1\1\1\ --

ROR : Rotate right 

ROR r 2 6 C<-dst(O), dst(7)<-dst(O) 1\ 1\ A 1\ --
dst(n)<-dst(n+ 1) n=0-6 

ROR R 2 6 " " 1\1\1\1\ --

ROR (r) 2 6 " " 1\1\ 1\1\ --

ROR (R) 2 6 " 1\1\1\1\ --

ARC : Rotate right through carry 

RRC r 2 6 dst(7)<-C, C<-dst(O) 1\1\1\1\ --
dst(n)<-dst(n+ 1) n=0-6 

RRC R 2 6 " 1\1\1\1\ --

RRC (r) 2 6 " " 1\1\1\1\--

RRC (R) 2 6 " " I\{\{\ 1\ --

RRCW : Rotate word right through carry 

RRCW rr 2 8 dst(15)<-C, C<-dst(O) A 1\ 1\ 1\ --
dst(n)<·dst(n+ 1) n=0-14 

RRCW RR 2 8 " !I 1\1\ 1\1\ --
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src cycles CZSVDH 

SBC : Subtraction of 2 bytes with carry 

SBC r r 2 6 dst<·dst-src-C A A A A 1 A 

SBC R R 3 10 dst<-dst-src-C A A A A 1 A 

SBC r R 3 10 dst<-dst-src-C A A A A 1 A 

SBC R r 3 10 dst<-dst-src-C A A A A 1 A 

SBC r (r) 2 6 dst<-dst-src-C A A A A 1 A 

SBC R (r) 3 10 dst<-dst-src-C A A A A 1 A 

SBC r (rr) 3 12 dst<-dst-src-C A A A A 1 A 

SBC R (rr) 3 12 dst<-dst-src-C A A A A 1 A 

SBC r NN 4 18 dsk-dst-src-C A A A A 1 A 

SBC r N(rrx) 4 24 dst<-dst-src-C A A A A 1 A 

SBC R N(rrx) 4 24 dst<-dst-src-C A A A A 1 A 

SBC r NN(rrx) 5 26 dst<-dst-src-C A A A A 1 A 

SBC R NN(rrx) 5 26 dst<-dst-src-C A A A A 1 A 

SBC r rr(rrx) 3 22 dst<-dst-src-C A A A A 1 A 

SBC r (rr)+ 3 16 dst<-dst-src-C A A A A 1 A 

rr<-rr+1 
SBC R (rr)+ 3 16 dst<-dst-src-C A A A A 1 A 

rr<-rr+1 
SBC r -(rr) 3 16 rr<-rr-1 A A A A 1 A 

dsk-dst-src-C 
SBC R -(rr) 3 16 rr<-rr-1 A A A A 1 A 

dst<-dst-src-C 
SBC (r) r 3 10 dst<-dst-src-C A A A A 1 A 

SBC (r) R 3 10 dst<-dst-src-C A A A A 1 A 

SBC (rr) r 3 18 dst<·dst-src-C A A A A 1 A 

SBC (rr) R 3 18 dst<-dst-src-C A A A A 1 A 

SBC (rr)+ r 3 22 dsk-dst-src-C A A A A 1 A 

rr<-rr+ 1 
SBC (rr)+ R 3 22 dst<-dst-src-C A A A A 1 A 

rr<·rr+1 
SBC NN r 4 20 dsk-dst-src-C A A A A 1 A 

SBC N(rrx) r 4 26 dst<-dst-src-C A A A A 1 A 

SBC N(rrx) R 4 26 dst<-dst-src-C A A A A 1 11. 

SBC NN(rrx) r 5 28 dst<-dst-src-C A A A A 1 A 

SBC NN(rrx) R 5 28 dst<·dst-src-C A A A A 1 A 

SBC rr(rrx) r 3 24 dst<-dst -src-C A A A A 1 A 

SBC -(rr) r 3 22 rr<-rr-1 A A A A 1 A 

dsk-dst-src-C 
SBC -(rr) R 3 22 rr<-rr-1 A A A A 1 A 

dst<-dst-src-C 
SBC r #N 3 10 dst<-dst-src-C A A A A 1 A 

SBC R #N 3 10 dst<-dst-src-C A A A A 1 A 

SBC (rr) #N 3 16 dsk-dst-src-C A A A A 1 A 

SBC NN #N 5 24 dst<-dst-src-C A A A A 1 A 

SBC (rr) (rr) 3 20 dsk-dst-src-C A A A A 1 A 

SBC (RR) (rr) 3 20 dst<-dst-src-C A A A A 1 A 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

SBCW : Subtract word with carry 

SBCW rr rr 2 10 dsk-dst-src-C A A A A ? ? 
SBCW RR RR 3 12 dsk-dst-src-C A A A A ? ? 
SBCW rr RR 3 12 dsk-dst-src-C A A A A ? ? 
SBCW RR rr 3 12 dsk-dst-src-C A A A A ? ? 
SBCW rr (r) 3 14 dsk-dst-src-C A A A A ? ? 
SBCW RR (r) 3 14 dsk-dst-src-C A A A A ? ? 
SBCW rr (rr) 2 16 dsk-dst-src-C A A A A ? ? 
SBCW RR (rr) 3 18 dsk-dst-src-C A A A A ? ? 
SBCW rr NN 4 22 dsk-dst-src-C A A A A ? ? 
SBCW rr N(rrx) 4 28 dsk-dst-src-C A A A A ? ? 
SBCW RR N(rrx) 4 28 dsk-dst-src-C A A A A ? ? 
SBCW rr NN(rrx) 5 30 dsk-dst-src-C A A A A ? ? 
SBCW RR NN(rrx) 5 30 dsk-dst-src-C A A A A ? ? 
SBCW rr rr(rrx) 3 26 dsk-dst-src-C A A A A ? ? 
SBCW rr (rr)+ 3 22 dsk-dst-src-C A A A A ? ? 

rr<-rr+2 
SBCW RR (rr)+ 3 22 dsk-dst+src+C A A A A ? ? 

rr<-rr+2 
SBCW rr -(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk-dst-src-C 
SBCW RR -(rr) 3 24 rr<-rr-2 A A A A ? ? 

dsk-dst-src-C 
SBCW (r) rr 3 14 dsk-dst-src-C A A A A ? ? 
SBCW (r) RR 3 14 dsk-dst-src-C A A A A ? ? 
SBCW (rr) rr 2 30 dsk-dst-src-C A A A A ? ? 
SBCW (rr) RR 3 30 dsk-dst-src-C A A A A ? ? 
SBCW (rr)+ rr 3 32 dsk-dst-src-C A A A A ? ? 

rr<-rr+2 
SBCW (rr)+ RR 3 32 dsk-dst-src-C A A A A ? ? 

rr<-rr+2 
SBCW NN rr 4 32 dsk-dst-src-C A A A A ? ? 
SBCW N(rrx) rr 4 38 dsk-dst-src-C A A A A ? ? 
SBCW N(rrx) RR 4 38 dsk-dst-src-C A A A A ? ? 
SBCW NN(rrx) rr 5 38 dsk-dst-src-C A A A A ? ? 
SBCW NN(rrx) RR 5 38 dsk-dst-src-C A A A A ? ? 
SBCW rr(rrx) rr 3 34 dsk-dst-src-C A A A A ? ? 
SBCW -(rr) rr 3 32 rr<-rr-2 A A A A ? ? 

dsk-dst-src-C 
SBCW -(rr) RR 3 32 rr<-rr-2 A A A A ? ? 

dsk-dst-src-C 
SBCW rr #NN 4 14 dsk-dst-src-C A A A A ? ? 
SBCW RR #NN 4 14 dsk-dst-src-C A A A A ? ? 
SBCW (rr) #NN 4 32 dsk-dst-src-C A A A A ? ? 
SBCW NN #NN 6 36 dsk-dst-src-C A A A A ? ? 
SBCW N(rrx) #NN 5 36 dsk-dst-src-C A A A A ? ? 
SBCW NN(rrx) #NN 6 38 dsk-dst-src-C A A A A ? ? 
SBCW (rr) (rr) 2 32 dsk-dst-src-C A A A A ? ? 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags src 

cycles CZSVDH 

SCF : Set carry flag 

SCF 1 6 C<·1 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 
A 1\ 1\ 1\ Q -

dst(n+ 1 )<-dst(n)n=0·6 
SLA R 3 10 " 

A 1\ 1\ 1\ Q -
(rr) 3 20 " " A A A A Q _ 

SLAW: Shift word left arithmetic 

rr 2 10 C<·dst(15), dst (0)<-0 A A 1\ A __ 

dst(n+ 1 )<-dst(n)n=1-14 
SLAW RR 3 12 " 1\ A 1\ A __ 

(rr) 2 32 " " 
A 1\ 1\ 1\ - -

SPM : Set program memory 

SPM 1 6 Set Program Memory DP<·O Note2 ------
SPP : Set page pointer 

SPP #N 2 6 Set Page Pointer - - - - - -
SRA :Shift right arithmetic 

SRA r 2 6 dst(7)<-dst(7), C<-dst(O) 1\ 1\ 1\ 1\ 0 I\ 

dst(n)<-dst(n+ 1 )n=0-6 
SRA R 2 6 " A 1\ 1\ 1\ Q 1\ 

SRA (r) 2 6 " " A A 1\ 1\ 0 1\ 

SRA (R) 2 6 " " A A 1\ 1\ Q 1\ 

SRAW: Shift word right arithmetic 

SRAW rr 2 6 dst(15)<-dst(15), C<·dst(O) 1\ A A Q __ 
dst(n)<·dst(n+ 1 )n=0-14 

SRAW RR 2 8 
" " 

1\ A 1\ Q - -

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 Independently of the sett1ng of the DP flag : 
PUSH(W)/PUSHU(W), POP(W)/POPU(W), PEAIPEAU, and CALL, RET, IRET and interrupt execution 
(assuming the Stack Pointers are not pointing to the Register File). 

38/48 

324 



ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. I dst I src I Bytes I Clock 

I Operation I 
Flags 

cycles CZSVDH 

SRP : Set register pointer 

SRP I I #N I 2 I 6 I Set Register Pointer I ------
SRPO : Set register pointer 0 

SAPO I I #N I 2 I 6 I Set Register Pointer 0 I - - - - - -
SRP1 : Set register pointer 1 

SRP1 I I #N I 2 I 6 I Set Register Pointer 1 I - - - - - -

------------~iii.~~~~ 
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vLvvvv 
vLvvvv 
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vLvvvv 

vLvvvv 

vLvvvv 

HOASZ:> 

I sfie1:1 

OJS-jSp->jSp 
OJS-jSp->jSp 

OJS-lSP->lSP 
OJS-lSP->lSP 
OJS-jSp->jSp 
OJS-jSp->jSp 

OJS-jSp->jSp 

~ -JJ->JJ 
OJS-jSp->jSp 

~-JJ->JJ 

OJS-jSp->jSp 

OJS-jSp->jSp 

OJS-jSp->jSp 
OJS-jSp->jSp 
OJS-jSp->jSp 

OJS-jSp->jSp 

~+JJ->JJ 

OJS-jSp->jSp 

~+JJ->JJ 

OJS-lSP->lSP 
OJS-ISP->ISP 
OJS-ISP->ISP 
OJS-jSp->jSp 

OJS-jSp->jSp 
OJS-jSp->jSp 

~ -JJ->JJ 
OJS-jSp->jSp 

kJJ->JJ 

~ +JJ->JJ 
OJS-jSp->jSp 

~ +JJ->JJ 
OJS-jSp->jSp 

OJS-ISP->ISP 
OJS-ISP->ISP 
OJS-jSp->jSp 

OJS-lSP->lSP 
OJS-ISP->ISP 
OJS-jSp->jSp 
OJS-jSp->jSp 

OJS-jSp->jSp 

OJS-jSp->jSp 
OJS-jSp->jSp 
OJS-jSp->jSp 

OJS-ISP->ISP 
OJS-jSp->jSp 

OJS-ISP->ISP 

9C:£ 
~~lllli0~1:Jli1Tm:@~:llll!ll "/1..'9 --------------:-:­
NDSIMDHl•S!)S :.=J Bv!Ov 

oc: 8 (JJ) (!:U:!l sns 
oc: 8 (JJ) (JJ) sns 
vc 9 N# NN sns 
9~ 8 N# (JJ) ans 
0~ 8 N# !:I ans 
0~ 8 N# J sns 

c:c: 8 !:1 (JJ)- ans 

c:c: 8 J (JJ)- sns 
vc 8 J (XJJ)JJ sns 
BC: 9 !:I (XJJ)NN sns 
BC: 9 J (XJJ)NN sns 
91: v !:1 (XJJ)N ans 
9<: v J (XJJ)N ans 
oc: v J NN ans 

c:c: 8 !:1 +(JJ) sns 

c:c: 8 J +(JJ) ans 
B~ 8 !:1 (JJ) ans 
B~ 8 J (JJ) ans 
0~ 8 !:I (J) ans 
0~ 8 J (J) sns 

9~ 8 (JJ)- !:1 sns 

9~ 8 (JJ)- J ans 

9~ 8 +(JJ) !:1 sns 

9~ 8 +(JJ) J ans 
C:C: 8 (XJJ)JJ J ans 
9<: 9 (XJJ)NN !:1 ans 
91: 9 (XJJ)NN J sns 
vc v (XJJ)N !:1 sns 
vc v (XJJ)N J sns 
B~ v NN J ans 
c:~ 8 (JJ) !:1 ans 
C:~ 8 (JJ) J sns 
0~ 8 (J) !:1 ans 
9 c: (J) J ans 
0~ 8 J !:1 ans 
0~ £ !:I J ans 
0~ £ !:1 !:1 ans 
9 c: J J ans 

~JJeO )nO~lJ!M Sa)~q i: ~0 UO!IOeJ)qns: 8nS 

uo!teJado I sa(o~o I sat~a I OJS 

I 
lSP l·owauw 

>(00(0 

(panu!)UO:J) A!:lVININnS NOil::>n!:llSNI 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

SUBW : Subtract words 

SUBW rr rr 2 10 dst<·dst·src . . . . ? ? 
SUBW RR RR 3 12 dsk·dst-src • • • • ? ? 
SUBW rr RR 3 12 dsk·dst-src • • • A ? ? 
SUBW RR rr 3 12 dsk-dst-src • • • • ? ? 
SUBW rr {r) 3 14 dsk·dst-src • • • • ? ? 
SUBW RR {r) 3 14 dsk·dst·src . . . . ? ? 
SUBW rr {rr) 2 16 dsk·dst·src • • • • ? ? 
SUBW RR {rr) 3 18 dsk·dst-src • • • A ? ? 
SUBW rr NN 4 22 dsk·dst-src A A A A ? ? 
SUBW rr N{rrx) 4 28 dsk-dst-src • • • • ? ? 
SUBW RR N{rrx) 4 28 dsk·dst-src A A A A ? ? 
SUBW rr NN{rrx) 5 30 dsk·dst·src A A A A ? ? 
SUBW RR NN{rrx) 5 30 dsk·dst-src A A II. A ? ? 
SUBW rr rr{rrx) 3 26 dsk-dst-src A A A A ? ? 
SUBW rr {rr)+ 3 22 dsk-dst-src A A A A ? ? 

rr<·rr+2 
SUBW RR {rr)+ 3 22 dsk·dst-src A A A II. ? ? 

rr<·rr+2 
SUBW rr ·{rr) 3 24 rr<·rr-2 • • • • ? ? 

dsk·dst-src 
SUBW RR ·{rr) 3 24 rr<·rr-2 • • • • ? ? 

dsk·dst-src 
SUBW {r) rr 3 14 dsk·dst-src . . . . ? ? 
SUBW {r) RR 3 14 dsk-dst-src • • • • ? ? 
SUBW {rr) rr 2 30 dsk·dst-src • • • • ? ? 
SUBW {rr) RR 3 30 dsk-dst-src A A A A ? ? 
SUBW {rr)+ rr 3 32 dsk-dst-src A A A A ? ? 

rr<·rr+2 
SUBW {rr)+ RR 3 32 dst<·dst·src . . . . ? ? 

rr<·rr+2 
SUBW NN rr 4 32 dsk·dst·src A A A A ? ? 
SUBW N{rrx) rr 4 38 dsk-dst-src A A A • ? ? 
SUBW N{rrx) RR 4 38 dsk-dst-src • • A A ? ? 
SUBW NN{rrx) rr 5 38 dsk·dst-src A A A A ? ? 
SUBW NN{rrx) RR 5 38 dst<·dst·src A A A A ? ? 
SUBW rr{rrx) rr 3 34 dsk·dst·src A A A A ? ? 
SUBW -{rr) rr 3 32 rr<·rr·2 A A A • ? ? 

dsk·dst-src 
SUBW -{rr) RR 3 32 rr<·rr-2 A A A • ? ? 

dsk·dst-src 
SUBW rr #NN 4 14 dst<·dst·src A A A A ? ? 
SUBW RR #NN 4 14 dsk·dst-src A A A • ? ? 
SUBW {rr) #NN 4 32 dsk·dst·src • • • • ? ? 
SUBW NN #NN 6 36 dsk·dst-src • • • A ? ? 
SUBW N{rrx) #NN 5 36 dsk·dst-src A A A • ? ? 
SUBW NN{rrx) #NN 6 38 dsk·dst·src A A A A ? ? 
SUBW {rr) {rr) 2 32 dsk·dst·src . . . • ? ? 

SWAP: Swap nibbles 

SWAP r 2 8 dst{0·3)<->dst{4· 7) ? A A ? . . 

SWAP R 2 8 dst{0·3)<->dst{4· 7) ? A A ? . -
SWAP {r) 2 8 dst{0·3)<->dst{4· 7) ? A A ? - -
SWAP {R) 2 8 dst{0·3)<->dst{4· 7) ? A A ? . -

41/48 

327 



ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

TCM : Test and complement byte under mask 

TCM r r 2 6 NOT dst AND src . A A 0 . . 

TCM R R 3 10 NOT dst AND src . A A O . . 

TCM r R 3 10 NOT dst AND src . A A 0 . . 

TCM R r 3 10 NOT dst AND src . A A 0 . . 

TCM r (r) 2 6 NOT dst AND src . A A 0 . . 

TCM R (r) 3 10 NOT dst AND src . A A 0 . . 

TCM r (rr) 3 12 NOT dst AND src . A A O . . 
TCM R (rr) 3 12 NOT dst AND src . A A O . . 

TCM r NN 4 18 NOT dst AND src . A A 0 . . 

TCM r N(rrx) 4 24 NOT dst AND src . A A 0 . . 

TCM R N(rrx) 4 24 NOT dst AND src . A A 0 . . 

TCM r NN(rrx) 5 26 NOT dst AND src . A A 0 . . 

TCM R NN(rrx) 5 26 NOT dst AND src . A A 0 . . 
TCM r rr(rrx) 3 22 NOT dst AND src . A A 0 . . 

TCM r (rr)+ 3 16 NOT dst AND src . A A 0 . . 

rr<·rr+1 
TCM R (rr)+ 3 16 NOT dst AND src . A A 0 . . 

rr<·rr+1 
TCM r -(rr) 3 16 rr<-rr-1 . A A 0 . . 

NOT dst AND src 
TCM R -(rr) 3 16 rr<-rr-1 . A A 0 . . 

NOT dst AND src 
TCM (r) r 3 10 NOT dst AND src . A A 0 . . 

TCM (r) R 3 10 NOT dst AND src . A A O . . 

TCM (rr) r 3 18 NOT dst AND src . A A 0 . . 

TCM (rr) R 3 18 NOT dst AND src . A A 0 . . 

TCM (rr)+ r 3 22 NOT dst AND src . A A 0 . . 

rr<·rr+1 
TCM {rr)+ R 3 22 dsk-ds AND src . A A 0 . . 

rr<-rr+1 
TCM NN r 4 20 NOT dst AND src . A A 0 . . 
TCM N(rrx) r 4 26 NOT dst AND src . A A 0 . 
TCM N{rrx) R 4 26 NOT dst AND src . A A 0 . . 
TCM NN(rrx) r 5 28 NOT dst AND src . A A 0 . . 
TCM NN(rrx) R 5 28 NOT dst AND src . A A 0 . . 
TCM rr(rrx) r 3 24 NOT dst AND src . A A O . . 
TCM -(rr) r 3 22 NOT dst AND src . A A 0 . . 

rr<-rr-1 
TCM -(rr) R 3 22 NOT dst AND src . A A 0 . . 

rr<·rr-1 
TCM r #N 3 10 NOT dst AND src . A A 0 . . 
TCM R #N 3 10 NOT dst AND src . A A 0 . . 
TCM (rr) #N .3 16 NOT dst AND src . A A 0 . . 
TCM NN #N 5 22 NOT dst AND src . A A 0 . . 
TCM {rr) (rr) 3 18 NOT dst AND src . A A 0 . . 
TCM (RR) (rr) 3 18 NOT dst AND src . A A 0 . . 
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

TCMW :Test and complement word under mask 

TCMW rr rr 2 10 NOT dst AND src ' ' 0 
TCMW RR RR 3 12 NOT dst AND src ' ' 0 - -
TCMW rr RR 3 12 NOT dst AND src ' ' 0 - -
TCMW RR rr 3 12 NOT dst AND src ' ' 0 - -
TCMW rr (r) 3 14 NOT dst AND src ' ' 0 -
TCMW RR (r) 3 14 NOT dst AND src A ' 0 
TCMW rr (rr) 2 16 NOT dst AND src - ' ' 0 
TCMW RR (rr) 3 18 NOT dst AND src - ' ' 0 
TCMW rr NN 4 22 NOT dst AND src - ' ' 0 -
TCMW rr N(rrx) 4 28 NOT dst AND src - ' ' 0 -

TCMW RR N(rrx) 4 28 NOT dst AND src - ' ' 0 -

TCMW rr NN(rrx) 5 30 NOT dst AND src - ' ' 0 -
TCMW RR NN(rrx) 5 30 NOT dst AND src - ' ' 0 - -
TCMW rr rr(rrx) 3 26 NOT dst AND src - ' ' 0 -
TCMW rr (rr)+ 3 22 NOT dst AND src - ' ' 0 - -

rr<-rr+2 
TCMW RR (rr)+ 3 22 NOT dst AND src - ' ' 0 - -

rr<-rr+2 
TCMW rr -(rr) 3 24 rr<-rr-2 - ' ' 0 - -

NOT dst AND src 
TCMW RR -(rr) 3 24 rr<-rr-2 ' ' 0 - -

NOT dst AND src 
TCMW (r) rr 3 14 NOT dst AND src - ' A 0 -

TCMW (r) RR 3 14 NOT dst AND src - ' ' 0 
TCMW (rr) rr 2 30 NOT dst AND src - ' ' 0 -
TCMW (rr) RR 3 28 NOT dst AND src - ' ' 0 -
TCMW (rr)+ rr 3 30 NOT dst AND src - ' ' 0 - -

rr<-rr+2 
TCMW (rr)+ RR 3 30 NOT dst AND src - ' ' 0 - -

rr<-rr+2 
TCMW NN rr 4 30 NOT dst AND src - ' ' 0 -
TCMW N(rrx) rr 4 36 NOT dst AND src - ' ' 0 - -
TCMW N(rrx) RR 4 36 NOT dst AND src - A ' 0 - -
TCMW NN(rrx) rr 5 36 NOT dst AND src - ' ' 0 - -

TCMW NN(rrx) RR 5 36 NOT dst AND src - ' ' 0 - -
TCMW rr(rrx) rr 3 32 NOT dst AND src - ' ' 0 - -
TCMW -(rr) rr 3 30 rr<-rr-2 - ' ' 0 - -

NOT dst AND src 
TCMW -(rr) RR 3 30 rr<-rr-2 - ' ' 0 - -

NOT dst AND src 
TCMW rr #NN 4 14 NOT dst AND src - ' ' 0 - -
TCMW RR #NN 4 14 NOT dst AND src - ' ' 0 - -
TCMW (rr) #NN 4 30 NOT dst AND src - ' ' 0 -
TCMW NN #NN 6 34 NOT dst AND src - ' ' 0 
TCMW N(rrx) #NN 5 34 NOT dst AND src - ' ' 0 -
TCMW NN(rrx) #NN 6 36 NOT dst AND src - ' A 0 -
TCMW (rr) (rr) 2 32 NOT dst AND src - ' ' 0 -
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst src Bytes 
Clock 

Operation 
Flags 

cycles CZSVDH 

TM : Test byte under mask 

TM r r 2 6 dstAND src - A A 0 - -
TM R R 3 10 dstAND src - A A 0 - -
TM r R 3 10 dstANDsrc - A A 0 - -
TM R r 3 10 dstAND src - A A 0 - -
TM r (r) 2 6 dstANDsrc - A A 0 - -
TM R (r) 3 10 dstANDsrc - A A 0 - -
TM r (rr) 3 12 dstANDsrc - A A 0 - -
TM R (rr) 3 12 dstANDsrc - A A 0 - -
TM r NN 4 18 dstAND src - A A O - -
TM r N(rrx) 4 24 dstANDsrc - A A 0 - -
TM R N(rrx) 4 24 dstANDsrc - A A 0 - -
TM r NN(rrx) 5 26 dstANDsrc - A A 0 - -
TM R NN(rrx) 5 26 dstANDsrc - A A 0 - -
TM r rr(rrx) 3 22 dstANDsrc - A A O - -
TM r (rr)+ 3 16 dstANDsrc - A A O - -

rr<-rr+ 1 
TM R (rr)+ 3 16 dstAND -src - A A 0 - -

rr<-rr+1 
TM r -(rr) 3 16 rr<-rr-1 - A A 0 - -

dstANDsrc 
TM R -(rr) 3 16 rr<-rr-1 - A A 0 - -

dstANDsrc 
TM (r) r 3 10 dstANDsrc - A A 0 - -
TM (r) R 3 10 dstANDsrc - A A 0 - -
TM (rr) r 3 18 dstANDsrc - A A 0 - -
TM (rr) R 3 18 dstAND src - A A 0 - -
TM (rr)+ r 3 22 dstANDsrc - A A 0 - -

rr<-rr+1 
TM (rr)+ R 3 22 dstAND src - A A 0 - -

rr<-rr+1 
TM NN r 4 20 dstANDsrc - A A O - -
TM N(rrx) r 4 26 dstANDsrc - A A 0 - -
TM N(rrx) R 4 26 dstANDsrc - A A O - -
TM NN(rrx) r 5 28 dstAND src - A A O - -
TM NN(rrx) R 5 28 dstAND src - A A 0 - -
TM rr(rrx) r 3 24 dstAND src - A A 0 - -
TM -(rr) r 3 22 rr->rr-1 - A A 0 - -

dstANDsrc 
TM -(rr) R 3 22 rr->rr-1 - A A 0 - -

dstAND src 
TM r #N 3 10 dstANDsrc - A A 0 - -
TM R #N 3 10 dstANDsrc - A A 0 - -
TM (rr) #N 3 16 dstAND src - A A 0 - -
TM NN #N 5 22 dstANDsrc - A A 0 - -
TM (rr) (rr) 3 18 dstAND src - A A 0 - -
TM (RR) (rr) 3 18 dstAND src - A A 0 - -

_44_148 ____________ Iiii. ~~~"::9~ 
330 



INSTRUCTION SUMMARY (Continued) 

Mnemo. dst 

TMW rr 
TMW RR 
TMW rr 
TMW RR 
TMW rr 
TMW RR 
TMW rr 
TMW RR 
TMW rr 
TMW rr 
TMW RR 
TMW rr 
TMW RR 
TMW rr 
TMW rr 

TMW RR 

TMW rr 

TMW RR 

TMW (r) 
TMW (r) 
TMW (rr) 
TMW (rr) 
TMW (rr)+ 

TMW (rr)+ 

TMW NN 
TMW N(rrx) 
TMW N(rrx) 
TMW NN(rrx) 
TMW NN(rrx) 
TMW rr(rrx) 
TMW ·(rr) 

TMW ·(rr) 

TMW rr 
TMW RR 
TMW (rr) 
TMW NN 
TMW N(rrx) 
TMW NN(rrx) 
TMW (rr) 

WFI 

src 

rr 
RR 
RR 
rr 
(r) 
(r) 
(rr) 
(rr) 
NN 

N(rrx) 
N(rrx) 

NN(rrx) 
NN(rrx) 
rr(rrx) 
(rr)+ 

(rr)+ 

·(rr) 

·(rr) 

rr 
RR 
rr 

RR 
rr 

RR 

rr 
rr 

RR 
rr 

RR 
rr 
rr 

RR 

#NN 
#NN 
#NN 
#NN 
#NN 
#NN 
(rr) 

Bytes 
Clock 

Operation 
cycles 

TMW : Test word under mask 

2 10 
3 12 
3 12 
3 12 
3 14 
3 14 
2 16 
3 18 
4 22 
4 28 
4 28 
5 30 
5 30 
3 26 
3 22 

3 22 

3 24 

3 24 

3 14 
3 14 
2 28 
3 28 
3 30 

3 30 

4 30 
4 36 
4 36 
5 36 
5 36 
3 32 
3 30 

3 30 

4 14 
4 14 
4 30 
6 34 
5 34 
6 36 
2 32 

WFI : Wait for Interrupt 

2 18 

r,r'J. SCiS·THDMSDN ... "! ~. OOJO:IIil@llf..ll:Cll1illlllXRIUie~ 

dstAND src 
dstAND src 
dstANDsrc 
dstAND src 
dstAND src 
dstAND src 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstAND src 
dstAND src 
dstAND src 
ds!AND src 
dstANDsrc 
dstANDsrc 
rr<·rr+2 
dstAND src 
rr<·rr+2 
rr<·rr-2 
dstAND src 
rr<·rr-2 
dstANDsrc 
dstANDsrc 
dstANDsrc 
ds!AND src 
dstAND src 
dstAND src 
rr<·rr+2 
dstAND src 
rr<·rr+2 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
rr<·rr-2 
dstANDsrc 
rr<·rr-2 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstANDsrc 
dstAND src 
dstANDsrc 

wait for interrupt 

ST9 • Software 

Flags 
CZSVDH 

. A A O . . 

. A A 0 . -

. A A 0 . -
- A A 0 . . 
- A A 0 . . 

- A A 0 _ . 

- A A 0 - -
. A A 0 - -
. A A 0 - -
. A A O - -
- A A O . . 
- A A 0 . -
- A A 0 - -
- A A 0 - -
- A A 0 - -
. A A 0 - -

- A A 0 . . 

- A A 0 - -

- A A 0 - -
. A A 0 . -
- A A 0 . . 
- A A 0 . . 

- A A 0 . . 

. A A 0 . -

- A A 0 - -
. A A 0 - -
- A A 0 . . 
- A A O . . 
- A A 0 . . 

- A A 0 . . 
. A A 0 . . 

- A A 0 . -
- A A 0 - -
- A A 0 - -
- A A 0 - -
- A A O - -
- A A O - -
- A A 0 • -
- A A 0 - . 

- - - - - -
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ST9 - Software 

INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation 
Flags 

src 
cycles CZSVDH 

XCH : Exchange Register 

XCH r r 3 12 dst<->src - - - - - -
XCH R R 3 12 dst <-> src - - - - - -
XCH r r 3 12 dsl<->src - - - - - -
XCH R R 3 12 dst <-> src - - - - - -

XOR : Logical exclusive OR 

XOR r r 2 6 dsl<-dst XOR src - •• 0 - -
XOR R R 3 10 dsl<-dst XOR src - • • 0 - -
XOR r R 3 10 dsl<-dst XOR src - • • 0 - -
XOR R r 3 10 dsl<-dst XOR src - •• 0 - -
XOR r (r) 2 6 dsl<-dst XOR src - • • 0 - -
XOR R (r) 3 10 dsl<-dst XOR src - • • 0 - -
XOR r (rr) 3 12 dsl<-dst XOR src - . . 0 - -
XOR R (rr) 3 12 dsl<-dst XOR src - • • 0 - -
XOR r NN 4 18 dsl<-dst XOR src - • • 0 - -
XOR r N(rrx) 4 24 dsl<-dst XOR src - • • 0 - -
XOR R N(rrx) 4 24 dsl<-dst XOR src - • • 0 - -
XOR r NN(rrx) 5 26 dst<-dst XOR src - • • 0 - -
XOR R NN(rrx) 5 26 dsl<-dst XOR src - •• 0 - -
XOR r rr(rrx) 3 22 dsl<-dst XOR src - •• 0 - -
XOR r (rr)+ 3 16 dst<-dst XOR src - • • 0 - -

rr->rr+ 1 
XOR R (rr)+ 3 16 dst<-dst XOR src - • • 0 - -

rr->rr+1 
XOR r -(rr) 3 16 rr->rr-1 - • • 0 - -

dsl<-dst XOR src 
XOR R -(rr) 3 16 rr->rr-1 - A A 0 - -

dsl<-dst XOR src 
XOR (r) r 3 10 dsl<-dst XOR src - • • 0 - -
XOR (r) R 3 10 dsl<-dst XOR src - • • 0 - -
XOR (rr) r 3 18 dsl<-dst XOR src - • • 0 - -
XOR (rr) R 3 18 dsl<-dst XOR src - •• 0 - -
XOR (rr)+ r 3 22 dsl<-dst XOR src - A A 0 - -

rr->rr+1 
XOR (rr)+ R 3 22 dsl<-dst XOR src - • • 0 - -

rr->rr+1 
XOR NN r 4 20 dst<-dst XOR src - A A 0 - -
XOR N(rrx) r 4 26 dsl<-dst XOR src - A A 0 - -
XOR N(rrx) R 4 26 dsl<-dst XOR src - • • 0 - -
XOR NN(rrx) r 5 28 dsl<-dst XOR src - • • 0 - -
XOR NN(rrx) R 5 28 dst<-dst XOR src - . . 0 - -
XOR rr(rrx) r 3 24 dsl<-dst XOR src - . . 0 - -
XOR -(rr) r 3 22 rr->rr-1 - •• 0 - -

dsl<-dst XOR src 
XOR -(rr) R 3 22 rr->rr-1 - • • 0 - -

dsl<-dst XOR src 
XOR r #N 3 10 dst<-dst XOR src - . . 0 - -
XOR R #N 3 10 dsl<-dst XOR src - • • 0 - -
XOR (rr) #N 3 16 dsl<-dst XOR src - • • 0 - -
XOR NN #N 5 24 dsl<-dst XOR src - •• 0 - -
XOR (rr) (rr) 3 20 dsl<-dst XOR src - •• 0 - -
XOR (RR) (rr) 3 20 dsl<-dst XOR src - A A 0 - -

_46_14_8 ____________ LV.~~~~~~~ 
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INSTRUCTION SUMMARY (Continued) 

Mnemo. dst Bytes 
Clock 

Operation src 
cycles 

XORW : Logical exclusive OR between words 

XORW rr rr 2 10 
XORW RR RR 3 12 
XORW rr RR 3 12 
XORW RR rr 3 12 
XORW rr (r) 3 14 
XORW RR (r) 3 14 
XORW rr (rr) 2 16 
XORW RR (rr) 3 18 
XORW rr NN 4 22 
XORW rr N(rrx) 4 28 
XORW RR N(rrx) 4 28 
XORW rr NN(rrx) 5 30 
XORW RR NN(rrx) 5 30 
XORW rr rr(rrx) 3 26 
XORW rr (rr)+ 3 22 

XORW RR (rr)+ 3 22 

XORW rr -(rr) 3 24 

XORW RR -(rr) 3 24 

XORW (r) rr 3 14 
XORW (r) RR 3 14 
XORW (rr) rr 2 30 
XORW (rr) RR 3 30 
XORW (rr)+ rr 3 32 

XORW (rr)+ RR 3 32 

XORW NN rr 4 32 
XORW N(rrx) rr 4 38 
XORW N(rrx) RR 4 38 
XORW NN(rrx) rr 5 38 
XORW NN(rrx) RR 5 38 
XORW rr(rrx) rr 3 34 
XORW -(rr) rr 3 32 

XORW -(rr) RR 3 32 

XORW rr #NN 4 14 
XORW RR #NN 4 14 
XORW (rr) #NN 4 32 
XORW NN #NN 6 36 
XORW N(rrx) #NN 5 36 
XORW NN(rrx) #NN 6 38 
XORW (rr) (rr) 2 32 

~ SGS-ntDMSDN ---------------- A.""'f/, &'\IJO!i:IRJ@I<!Li<!:ITOO©IIJO!t~ 

dsk·dst XOR src 
dsk·dst XOR src 
dst<-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk·dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
rr<-rr+2 
dsk-dst XOR src 
rr<-rr+2 
rr<-rr-2 
dsk-dst XOR src 
rr<-rr-2 
dsk-dst XOR src 
dst<-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
rr<-rr+2 
dsl<-dst XOR src 
rr<-rr+2 
dsl<-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
rr<-rr-2 
dsk-dst XOR src 
rr<-rr-2 
dsk-dst XOR src 
dst<-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 
dsl<-dst XOR src 
dsk-dst XOR src 
dsk-dst XOR src 

ST9 - Software 

Flags 
CZSVDH 

- A A 0 - -
- A A 0 - -
- A A 0 - -
- A A 0 - -
- A A 0 - -

A A 0 - -
- A A O - -
- A A 0 - -
- A A 0 - -
- A A O - -
- A A 0 - -
- A A 0 - -

A A 0 - -
- A A 0 - -

A A 0 -

- A A 0 - -

- A A 0 - -

- A A 0 - -

- A A O - -
A A 0 - -

- A A 0 - -
- A A 0 - -
- A A 0 -

- A A 0 - -

- A A 0 - -
- A A 0 - -
- A A O - -
- A A O - -
- A A 0 - -

- A A 0 - -
- A A 0 - -

- A A 0 -

- A A 0 
- A A O 

- A A 0 - -
- A A O - -
- A A O - -
- A A O - -
- A A O 
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ST9 • Software 

NOTES: 
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SALES OFFICES 

EUROPE 
DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel (45-44) 94 85 33 
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 Galhem - BP. 93 
Tel (33-1) 47 40 75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 7910 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax (33-88) 22 29 32 

GERMANY 

85630 GRASBRUNN 
Breton1scher R1ng 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 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 

70499 STUTTGART 31 
M1ttlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telefax (49-711) 8661427 

ITALY 
20090 ASSAGO (MI) 
VIe M1lanofiori- Strada 4- Palazzo A/4/A 
Tel (39-2) 575461 (10 l1nee) 
Telex 330131 -330141 SGSAGR 
Telefax. (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
V1a R Fuc101, 12 
Tel (39-51) 593029 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1a A. Torloma, 15 
Tel (39-6) 8443341 
Telex 620653 SGSATE I 
Telefax (39-6) 844447 4 

NETHERLANDS 
5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SPAIN 
08004 BARCELONA 
Calle Gran V1a Carts Catalanes, 322 
61h Floor. 21h Door 
Tel (34-3) 4251800 
Telefax (34-3) 425367 4 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax. (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
BorgarfJordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 
1218 GRAND-SACONNEX (GENEVA) 
Chem1n 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 847458 
Telefax (44-628) 890391 



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 Mood1e Dnve Su1te 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 
lnd1anapol1s- Tel (317) 575-5520 

Fax. (317) 575-8211 

MICHIGAN 
Livonia- Tel· (313) 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 
Poughkeepsie- Tel: (914) 454-8813 

Fax: (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxville- Tel (615) 524-6239 

TEXAS 
Aust1n- Tel (512) 502-3020 

Fax (512) 346-6260 
Carrollton- Tel (214) 466-8844 

Fax (214) 466-8130 
Houston- Tel (713) 376-9936 

Fax (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON­
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- Tel (215) 361-6400 

Fax (215) 361-1293 

ASIA I PACIFIC 
AUSTRALIA 

NSW 2220 HURTSVILLE 
SUite 3, Level 7, Ot1s House 
43 Bndge 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 DELHI110019 
L1a1son Off1ce 
3rd Floor, F-Biock 
International Trade Tower 
Nehru Place 
Tel (91-11) 644-5928/647-9415 
Telex 031-70193 STMIIN 
Telefax (91-11)6443054 

MALAYSIA 

SELANGOR, PETALING JAYA46200 
Unit BM-10 
PJ lndustnal Park 
Jalan Kema]uan 12/18 
Tel (03) 758 1189 
Telefax (03) 758 1179 

PULAU PINANG 10400 
4th Floor - Su1te 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 
SEOUL 121 
8th floor Sh1nwon Bu1ld1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex. SGSKOR K29998 
Telefax (82-2) 552-1051 

SALES OFFICES 

SINGAPORE 

SINGAPORE 2056 
28 Ang Me K1o- lndustnal Park 2 
Tel. (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
11th Floor 
105, Sect1on 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 
Sukhumv1t 21 
Tel (662) 260 7870 
Telefax (662) 260 7871 

JAPAN 
TOKY0108 
N1ssek1- Takanawa Bid 4F 
2-18-10Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 
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