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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics.
As used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support

intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when proper- ably be expected to cause the failure of the life support
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness.

with the product, can be reasonably expected to result in
significant injury to the user.
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INTRODUCTION

Driven by the new advanced technologies developed internally by SGS-THOMSON
Microelectronics, the ST9 family of microcontrollers offers advanced peripheral func-
tions, an 8/16 bit core and ROM/EPROM/EEPROM plus RAM capabilities. This family
of products is based on a common core of features, with variations in the peripheral
organisation to suit the different requirements of the middle to high end embedded
applications.

The ST9 family of microcontrollers offers a powerful CISC based Core, capable of 16
bit operations, builtin Timer Watchdog funcijons for secure operation, Serial Peripheral
Interfaces adaptable to low-cost external 1°C-bus, S-bus and IM-bus devices plus an
external memory interface with full, expandable vectored interrupt and DMA facilities.
The instruction set encompasses 14 addressing modes linked with 187 instruction
types with special instructions added for improved efficiency of the high level language
development tools.

The peripherals linked to this Core include Multifunction Timers, with operating modes
to cover almost all timing requirements, including the optior of DMA to the timing
constants and the triggering of other on-chip peripherals such as the Analog-to-Digital
Converter. This converter, offering 8 bit resolution, includes an automatic threshold
sensing watchdog on two of its 8 multiplexed input channels. Serial communication is
handled (in addition to the SPI) by the Serial Communication is Interface, a fast
asynchronous and byte synchronous interface with capability. This, together with the
automatic DMA operation and the Address/9th bit of the character word, simplifies
network operation.
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INTRODUCTION

Memory options range from ROMLESS devices for flexibility, EPROM based prototyp-
ing vehicles, OTP for pre-production runs and ROM for volume production in the 64K
program space, while the separate 64K data space (expandable to 8M bytes for both
program and data spaces with the Bankswitch logic) includes RAM and high-reliability
EEPROM. The RAM exists in addition to the versatile Register File - 224 General
Purpose Registers all with Arithmetic (8 and 16 bit) capability, Stack, and Index pointer
mechanisms, and functions as fast access RAM memory. 16 Registers hold the system
functions, the two independent stack pointers and I/O port data registers for immediate
access, while the top 16 bytes of the Register File is paged, with pages containing the
standard peripheral data and control registers.

New peripheral functions are in development to expand the ST9 family, leading to
devices suitable for applications ranging from TV and VCR to Automotive Multiplex
Wiring Systems and High Security banking applications.

The selection guide which follows in the next section shows the current ST9 family
members, with all the packaging options.
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[ﬁ SGS-THOMSON

MICROELECTRONICS ST9026,ST9027,ST9028

16K ROM HCMOS MCUs WITH RAM

= Single chip microcontroller with 16K bytes of
ROM, 256 bytes of RAM and 256 bytes of register
file with 224 general purpose registers available
as RAM, accumulators or index pointers.

= 8/16 bit CORE with full feature DMA controller, a
powerful interrupt handler and a Standard Serial
Peripheral Interface (SPI) handling S-bus, 1°C-
bus, IM-bus and Standard Serial Peripheral In-
terfaces.

= Up to 8 external interrupts edge-selectable plus
1 non-maskable interrupt.

= 16 bit programmable Timer with 8 bit Prescaler,
able to be used as a Watchdog Timer for system
integrity.

A 16 bit Multifunction Timer module, with an 8 bit
prescaler and 12 operating modes, allowing
simple use for complex waveform generation and
measurement, PWM functions and many other
system timing operations.

» Full function Serial Communications Interface
with 110 to 375000 baud rate generator, asyn-
chronous and byte synchronous capability (fully
programmable format) and address/wake-up bit
option.

On-chip DMA channels associated to the Multi-
function Timer and the Serial Communications
Interface.

= Up to five 8 bit I/0 ports with programmable input
thresholds and output characteristics. Alternative
functions allow the full use of all pins.

Powerful software development tools, including
assembler, linker, C-compiler, archiver, software
and hardware emulators.

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

= 48-pin Dual in Line Plastic package for ST9026.
= 40-pin Dual in Line Plastic package for ST9027.

= 44-lead Plastic Leaded Chip Carrier package for
ST9028.

May 1991

PDIP40

PLCC44

PDIP48

(Ordering Information at the end of the datasheet)

Figure 1. ST9026 Pin Configuration

GND 51 48 [0 oscout
osciN [ 2 4700 P5p
RESET 53 46 [0 P35y
AB/P1g 04 4530 P59y
A9/P14 55 441 P53
At0/P1, O6 4311 P54
Al /P13 57 423 P55
A2/pP, O8 410 psg
A13/P1g 59 40 P57y
Al4/Plg 10 39 [0 P3g/INT4/TOINA
Al4/P17 O 380 P31/INTS/TOOUTA
A0/D0/POg [j12 ST9026 37 [0 P3,/INT6/TOINB
A1/D1/PO; 013 36 [0 P33/INT7/TOOUTB
A2/D2/P0o [}14 35[0 P34/RXCLK/WDOUT
A3/D3/P03 []15 34 [1 P35/CLKOUT/TXCLK /WDIN
A4/D4/PO, O16 33 P3g/SIN
A5/05/P05 []17 323 P3y7/souT
AB/D6/POg 18 31{0 P27/RDSTBS/BUSACK /INT3
A7/07/P07 []19 300 P2g/RDRDYS/BUSREQ
P/D/NMI/P2g [ 20 293 P25/WRRDYS
WAT/spo/P2y O 21 28 [1 P24/WRSTB5/INTI
SCK/INT2/P2, [ 22 27 {0 P23/SDI/INTO
vee 023 2s§ R/W
AS [24 251 BS
VR001370
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$T9026,9027,9028

Figure 2. ST9027 Pin Configuration Figure 3. ST9028 Pin Configuration
GND O 403 oscout
osCIN [0 2 390 Psp N o .
RESET [3 380 Psy LEE52,8 0. am
AB/P1 O] 4 370 psy RN R
A9/P1y O5 36 [ P53 e, o 70 543z imnean L
At0/P1; O6 35[0 P30/INT4/TOINA mmi M wjpsg
Al/P1z O7 34 [1 P34/INT5/TOOUTA aspg Q9 37[1P30 /TOINA/INT4
A0/D0/POg [ 8 33 [0 P3,/INT6/TOINB ‘°§';‘:£go 10 ;:g:j' ﬁg”";‘{:‘“
Al n 2 INB /IN
A1/D1/POy 9 323 P33/INT7/TO0UTB n2/02 /Po‘z 12 ST9028 3401P34 /T00UTB/NT7
A2/02/P0, []10 ST9027 31[3 P34/RXCLK/WDOUT a3/o3/poy 13 33[1P34 /RXCLK /WDOUT
A P OUT/TXCLK /WDIN A4/D4/PO 14 32{0 P35 /CLKOUT/TXCLK /WDIN
3/D3/P03 En 303 35/CLKOUT/TXCLK /WDI A5/D5/P°; " B
A4/D4/POy4 12 29 P36/SIN A6/06/P0g 16 30[1 P37 /souT
As/D5/P05 (13 28 1 P3y/s0UT A7/07/P05 Tl V7,5 19 20 21 22 23 24 25 26 27 2829 P27 /RDSTBS/BUSACK/INT3
A6/D6/P0g []14 27 [1 P27/RDSTB5/BUSACK/INT3
: STIBMIBZLILS
A7/07/P07 O15 26 {3 P2g/RDRDYS/BUSREQ E gge-leorese
P/D/NMI/P2g [ 16 : 25 P25/WRRDYS §]§ £ 2 g8
WAIT/SDO/P2 4 g7 24 [ P24/WRSTBS/INTI g 3 EEE é
SCK/INT2/P2, []18 23 [1 P23/SDI/INTO e g £
vee 019 221 R/W g VROO1372
As 20 21 Bs
VR001371
Figure 4. ST902X Block Diagram
16-BIT BYTE 256 BYTE 6K BYTES
TMER 256 S 56 S 16K 8 - 16-BIT Py
WITH DMA REGISTER FILE RAM ROM TIMER/WDG
ﬁ MEMORY BUS l
L U {} REGISTER BUS {L
scl 1/0 1/0 1/0 1/0 1/0
WITH DMA PORT O PORT 1 PORT 2 PORT 3 PORT 5
H H
VR001373

Note : Refer to Table 1 for ST902X I/O PORT SUMMARY.
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$T9026,9027,9028

GENERAL DESCRIPTION

The ST9026, ST9027 and ST9028 (following men-
tioned as ST902X) are ROM members of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectro-
nics using a proprietary n-well HCMOS process.

The ROM parts are fully compatible with their
EPROM versions, which may be used for the proto-
typing and pre-production phases of development,
and can be configured as: standalone microcon-
trollers with 16K bytes of on-chip ROM, microcon-
trollers able to manage up to 112K bytes of external
memory, or as parallel processing elements in a
system with other processors and peripheral con-
trollers.

Akey point of the ST902X architecture is its modu-
lar approach which allows software commonality
with all other members of the ST9 family.

The nucleus of the modular design of the ST902X
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 Pe-
ripheral Interface supporting S-bus, 1°C-bus and
IM-bus Interface, plus two 8 bit I/O ports. The Core
has independent memory and register buses allow-
ing a high degree of pipelining to add to the effi-
ciency of the code execution speed of the extensive
instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST902X
with up to 40 1/0 lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 8 bit
1/O 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, external interrupts
and serial or parallel I/O with or without handshake.

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 periphe-
rals.

The 16 bit MultiFunction Timer, with an 8 bit Pres-
caler and 12 operating modes allows simple use
for complex waveform generation and measure-
ment, PWM functions and many other system tim-
ing functions by the usage of the two associated
DMA channels for each timer.

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

PIN DESCRIPTION

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

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During a read cycle, Data In must be valid prior
to the trailing edge of DS. When the ST902X ac-
cesses on-chip memory, DS is held high during the
whole memory cycle. It can be placed in_a high
impedance state along with Port 0, Port 1, AS and
R/W.

R/W. Read/Write (output, 3-state). Read/Write
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
_pedance state along with Port 0, Port 1, AS and

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

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
input of the oscillator inverter and internal clock
generator; OSCOUT is the output of the oscillator
inverter.

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

P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0-
P5.7. I/O Port Lines (Input/Output, TTL or CMOS
compatible). 8 lines grouped into I/0 ports of 8 bits,
bit programmable under program control as
general purpose /O or as Alternate functions (see
next section).

1/0 Port Alternate Functions. Each pin of the I/O
ports of the ST902X may assume software pro-
grammable Alternative Functions as shown in the
Pin Configuration Drawings. Due to Bonding op-
tions for the packages, some functions may not be
present, Table 1 shows the Functions allocated to
each I/O Port pins and a summary of packages for
which they are available.

. 3/64
Lyy LS THOMSON
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$T7T9026,9027,9028

PIN DESCRIPTION (Continued)
Table 1. ST902X I/O Port Alternate Function Summary

O PORT Name Function Alternate Function Pin Assignment
Port.bit 9026 9027 9028
P0.0 A0/DO 1/0 Address/Data bit 0 mux 12 8 10
PO.1 A1/D1 110 Address/Data bit 1 mux 13 9 1
P0.2 A2/D2 110 Address/Data bit 2 mux 14 10 12
P0.3 A3/D3 110 Address/Data bit 3 mux 15 11 13
P0.4 A4/D4 110 Address/Data bit 4 mux 16 12 14
P0.5 A5/D5 110 Address/Data bit 5 mux 17 13 15
P0.6 A6/D6 110 Address/Data bit 6 mux 18 14 16
P0.7 A7/D7 0] Address/Data bit 7 mux 19 15 17
P1.0 A8 o Address bit 8 4 4 4
P1.1 A9 O Address bit 9 5 5 5
P1.2 A10 o} Address bit 10 6 6 6
P1.3 At1 (o] Address bit 11 7 7 7
P1.4 A12 0] Address bit 12 8 8
P1.5 A13 (o) Address bit 13 9 9
P1.6 Al4 o Address bit 14 10
P1.7 A15 (o] Address bit 15 1"
P2.0 NMI | Non-Maskable Interrupt 20 16 18
P2.0 P/D o Program/Data Space Select 20 16 18
P2.0 ROMless | ROMless Select* 20 16 18
P2.1 SDI | SPI Serial Data Out 21 17 19
P2.1 WAIT I External Wait Input 21 17 19
P2.2 INT2 | External Interrupt 2 22 18 20
p2.2 SCK (o] SPI Serial Clock 22 18 20
P2.3 INTO | External Interrupt 0 27 23 25
P2.3 SDO o SPI Serial Data In 27 23 25
P2.4 INT1 | External Interrupt 1 28 24 26
P2.4 WRSTBS o] Handshake Write Strobe P5 28 24 26
P2.5 WRRDY5 | Handshake Write Ready P5 29 25 27
P2.6 RDRDY5 (e] Handshake Read Ready P5 30 26 28
P2.6 BUSREQ | External Bus Request 30 26 28
57 355:ToMs0N
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$T9026,9027,9028

PIN DESCRIPTION (Continued)

Table 1. ST902X I/0 Port Alternate Function Summary (Continued)

/0 PORT Name Function Alternate Function Pin Assignment
Port.bit 9026 9027 9028

pP2.7 INT3 | External Interrupt 1 31 27 29
P2.7 RDSTB5 I Handshake Read Strobe P5 31 27 29
P2.7 BUSACK o External Bus Acknowledge 31 27 29
P3.0 INT4 | Extemal Interrupt 4 39 35 37
P3.0 TOINA | MF Timer O Input A 39 35 37
P3.1 INTS I Extemal Interrupt 5 38 34 36
P3.1 TOOUTA o MF Timer 0 Output A 38 34 36
P3.2 INT6 | External Interrupt 6 37 33 35
P3.2 TOINB | MF Timer O Input B 37 33 35
P3.3 INT7 | Extemnal Interrupt 7 36 32 34
P3.3 TOOUTB o MF Timer 0 Output B 36 32 34
P3.4 RXCLK | SCI Receive Clock Input 35 31 33
P3.4 WDOUT o T/WD Output 35 31 33
P3.5 CLKOUT (0] SCI Byte Sync Clock Output 34 30 32
P3.5 TXCLK I SCI Transmit Clock Input 34 30 32
P3.5 WDIN | T/WD Input 34 30 32
P3.6 SIN | SCI Serial Input 33 29 31
P3.7 SOouT (0] SCI Serial Output 32 28 32
P3.7 ROMless | ROMIess Select* 32 28 32
P5.0 110 1/0 Handshake Port 5 47 39 43
P5.1 110 1/0 Handshake Port 5 46 38 42
P5.2 110 1/0 Handshake Port 5 45 37 41
P5.3 .10 1/0 Handshake Port 5 44 36 40
P5.4 1/0 1/0 Handshake Port 5 43 39
P5.5 110 1/0 Handshake Port 5 42 38
P5.6 110 1/0 Handshake Port 5 41

P5.7 110 I/0 Handshake Port 5 40

* Note : Mask Option
7 SSemoMson
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$T9026,9027,9028

ST902X CORE

The Core or Central Processing Unit (CPU) of the
ST902X includes the 8 bit Arithmetic Logic Unitand
the 16 bit Program Counter, System and User
Stack Pointers. The microcoded Instruction Set is
highly optimised for both byte (8 bit) and word (16
bit) data, BCD and Boolean data types, with 14
addressing modes. Two 8 bit 1/O ports are con-
nected to the Core module for external memory
interfacing, while a 16 bit Timer/Watchdog gives
system security and timing functions, and a Serial
Peripheral Interface allows for synchronous com-
munication. Three independent buses are control-
led by the Core, a 16 bit Memory bus, an 8 bit
Register addressing bus and a 6 bit Interrupt/DMA
bus connected to the interrupt and DMA controllers
in the on-chip peripherals and the Core. This
multiple bus architecture allows a high degree of
pipelining and parallel operation within the
ST902X, giving it its efficiency in both numerical
calculations and communication with the on-chip
peripherals. .

Figure 5. Memory Spaces

MEMORY

The memory of the ST902X 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 ST902X 16K
bytes of on-chip ROM memory is selected at mem-
ory addresses 0 through 3FFFh (hexadecimal) in
the PROGRAM space and the 256 bytes of on-chip
RAM memory is selected at memory addresses 0
through OFFh in the DATA space.

Off-chip memory, addressed using the multiplexed
address and data buses (Ports 0 and 1) may be
divided into the Program and Data spaces by the
external decoding of the Program/Data select pin
(P/D) available as an Alternate function, allowing a
full 128K byte memory. The memory spaces are
selected by the execution of the sbM and spM
instructions (Set Data Memory and Set Program
Memory, respectively). There is no need to use
either of these instructions again until the memory

64K ’_il 64K
PROGRAM DATA

MEMORY

FILE

REGISTER

MEMORY

VA00430
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S$T9026,9027,9028

MEMORY (Continued)

area required is to be changed. This requirement
is not necessary in two cases: first, when operating
with external stacks (the Data memory is automat-
ically selected) and, secondly, when using the
memory indirect to memory indirect post-increment
addressing mode (the memory types are specified
in the instructions: LDPP, LDPD, LDDP, LDDD).

Either the Data Memory or the Program Memory
can be addressed using any of the memory ad-
dressing modes.

Program Space

The Program memory space of the ST902X, from
the 16K bytes of on-chip ROM memory to the full
64K bytes with off-chip memory expansion, is fully
. available to the user. At addresses greater than the
first 16K bytes of program space, the ST902X
executes external memory cycles for instruction
fetches. The first 256 memory locations from ad-
dress 0 to OFFh (hexadecimal) hold the Reset
Vector, the Top-Level (Pseudo Non-Maskable) in-
terrupt, the Divide by Zero Trap vector and, option-
ally, the interrupt vector table for use with the

Figure 6. ST902X Program and Data Spaces

on-chip peripherals and the external interrupt sour-
ces. Each vector is contained in two consecutive
byte locations, the high order address held in the
lower (even) byte, the low order address held in the
upper (odd) byte, forming the address which is
loaded into the Program Counter when selected by
the interrupt vector provided by the interrupt
source. This should point to the relevant Interrupt
Service routine provided by the user forimmediate
response to the interrupt.

Data Space

The ST902X addresses the 256 bytes of on-chip
RAM memory in the Data Space from addresses 0
to 255 (OFFh). It may also address up to 65,280
locations of External Data through the External
Memory Interface when decoded with the P/D pin.
The on-chip general purpose Registers may be
used as additional RAM memory for minimum chip
count systems.

The Data Space is selected by the execution of the
spMinstruction. All subsequent memory references
will access the Data Space. Data may also be
stored in external RAM or ROM memory within the
Program Space.

65535

16384

65535

£ SGS-TH
Y/ HICROELECTRONICS

258 |VECTOR TABLE 256
TERNAL EXTERNAL 0 -
IN INTERNAL EXTERNAL
PROGRAM SPACE DATA SPACE
VRO01394
VROD1374
7/64
OMSON
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MEMORY (Continued)

ROMIess Option

In the event of a program revision being required
after the development of a ROM-based ST902X, a
mask option is available which enables the recon-
figuration of the memory spaces to give a fully
ROMIess device. This means that the on-chip pro-
gram ROM is disabled and ALL program memory
is seen as external, allowing the use of replace-
ment program code in external ROM memory. The
on-chip memory in Data space is not affected.

To give the ROMless function (when enabled by the
MASK option), the pin selected by mask for ROM-
less as an Alternate Function should be held to
ground (Vss) with a high resistance (eg 100k ohm)
during the RESET cycle. The pin status is latched
on the rising edge of the RESET input. After this
time, the pin is free for normal operation.

If the ROMless option is enabled, and the on-chip
program is to be used, the pin enabled for the
ROMless function must to held to a high potential
during the RESET cycle (eg with a 100k ohm
resistor to Vo).

Figure 7. ROMIess Selection

Vss

! !100Kﬂ

INTERNAL MEMORY CONFIGURATION
(PIN SELECTED BY MASK OPTION)

ROMLESS
SELECT

RESET

OUTPUT
DATA

REGISTERS

The ST902X register file consists of 240 registers
(224 general purpose) plus pages of 16 registers
supporting the configuration and control registers
for the on-chip peripherals. The 224 general pur-
pose registers all have 8 and 16 bit arithmetic
capability and may be used as accumulators, on-
chip RAM, internal Stack areas (for system and/or
user stacks), or, with the appropriate addressing
modes, as index, offset or stack pointers.

The register file is arranged into 16 groups of 16
registers, where the general purpose registers oc-
cupy the first 14 groups. The 15th group, E, con-
tains the system registers and Group F contains
the pages of the on-chip peripheral control regis-
ters.

Figure 8. Register Grouping

255 64 PAGES
F PAGED REGISTERS

240
239
224
223

E SYSTEM REGISTERS

D

C

B

7 GENERAL
ROMLESS > PURPOSE
SELECT 6 REGISTERS
ROMLESS EXTERNAL MEMORY CONFIGURATION
— (PIN SELECTED BY MASK OPTION) 5
RESET
ouTPUT 100kQ 4
DATA
3
ST9 DEVICE
2
VA00301
1
15
0
(o] [o]
VA00432
8/64
r SGS-THOMSON
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REGISTERS (Continued)

Group F is paged in this manner due to the modu-
larity of the ST9 family of microcontrollers. Each
member of the family retains all general purpose
and system registers, only the paged register
groups changing owing to the different on-chip
peripheral organizations of each device. The user
can therefore generate code libraries which use the
general purpose registers knowing that they will not
be lost on future ST9 devices. To address a paged
register, the Page Pointer (PPR, R234) within the
system register group must be loaded with the

Figure 9. Page Pointer Mechanism

relevant page number using the SPP instruction.
Subsequently any access to registers in the top
group (R240-R255) will refer to the selected page.
This remains set until the next change to the Page
Pointer register (by the spp instruction).

The System group (Group E, registers REO to REF)
includes the system and user stack pointers, the
Mode register, the ALU FLAG register and the Page
pointer register. In addition the data registers for
the first 5 1/0 ports are present, the configuration
registers for the ports being in the paged area. This
allows the immediate access to these 1/O ports at
all times.

Figure 10. Group E Register Map

PAGE 63

R255
PAGE 0

R240

PAGE POINTER

R224

RO

VA00433

R239 System Stack Pointer Low (SSPLR)

R238 System Stack Pointer High (SSPHR)

R237 User Stack Pointer Low (USPLR)

R236 User Stack Pointer High (USPHR)

R235 Mode Register (MODER)

R234 Page Pointer (PPR)

R233 Register Pointer 1 (RP1R)

R232 Register Pointer 0 (RPOR)

R231 ALU Flags (FLAGR)

R230 Central Interrupts Control (CICR)

R229 | Port 5 Data (P5DR)
R228 | Port 4 Data (P4DR)
R227 Port 3 Data (P3DR)
R226 Port 2 Data (P2DR)
R225 | Port1 Data (P1DR)
R224 Port 0 Data (PODR)

9/64
Ly 35S THONSON
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REGISTERS (Continued)
Figure 11. ST9026 Group F Peripheral Organisation
DEC 00 02 03 09 10 24
DEC HEX 00 02 03 09 0A 18
Re55 RFF | RESERVED ) ‘RESERVED ‘| RFF
R254 RFE RFE
ViSP! PORT 3
R253 RFD STl RFD
RESERVED
R252 RFC | WCR RFD
R251 RFB | ReseRveD RFB
R250 RFA T/WD PORT 2 . ‘ ' RFA
MFT 0
R249 RF9 sl RF9
R248 RF8 RF8
R247 RF7 RF7
R246 RF6 PORT1 PORT 5 RF6
R245 RF5 | EXTINT RF5
R244 RF4 | RF4
R243 RF3 RF3
Red2 RF2 PORTO | RESERVED |  MFTO RF2
R#1 RF1| . - e RF1
RESERVED
R240 RFO | - : RFO
10/64 37 SGS-THOMSON
Y/ MiCROELEGTRONICS
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REGISTERS (Continued)

The Register Pointers, present in the system reg-
ister group, select groups of registers as "Working
Registers", which have faster addressing modes
than direct Register addressing and allows smaller
code size. The Register Pointers may either be
used singly, creating a register group of 16 working
registers, or as two independent groups of 8 work-
ing registers which may be placed at any 8 register
boundary within the register file. The single and
twin working register modes are automatically set
by hardware when the respective Srp and either
SRPO or SRP1 instructions are executed. If working
registers are used as accumulators and RAM loca-
tions for particular tasks, fast context switching on
interrupts may be achieved by setting the register
pointer to another group for the Interrupt Service
Routine, ISR, (e.g. saving the Register pointer on
the stack), using the new group in the ISR and
subsequently restoring the original group before
the Return from Interrupt instruction. Working reg-

Figure 12. Single Working Register Bank

isters also allow the use of the ABAR - Any Bit-Any
Register Boolean operations (including directly on
the 1/O port data registers).

Inthe ST9 syntax, directly addressed Registers are
indicated with a capital R e.g. R0, R224, RBF, with
Register Pairs (16 bit accumulators or memory
pointers) as RRO, RR24. When using Working
Registers, groups of 16 registers (SRP instruction)
are denoted as r0 to r15 (rr0 to rr14), while the dual
working register group are addressed as r0 to r7
(rr0 to rr6), for the first group of 8 registers (SRP0),
with r8 to r15 (rr8 to rr15) for the second set (SRP1).

Working register addressing requires a 4 bit field
within the instruction. When packed into a byte, the
upper nibble is set to Dh (1101b), this being the
escape code to indicate the use of the working
registers. As a result, group D CANNOT be se-
lected with direct register addressing, it is recom-
mended that this group be used as internal stacking
area when using register file based system or user
stack pointers.

Figure 13. Dual Working Register Bank
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STACK POINTERS

There are two separate, double register stack poin-
ters available (System and User), both of which can
operate in register or Data memory address
spaces. These operate in a Pre-Decrement mode
when data is PUSHed onto the Stack and in a
Post-Increment mode when data is Poped from the
stack.

The SYSTEM Stack Pointer (SSPR, R238:R239)
is used for the storage of temporarily suspended
system and/or control registers (ie the the Program
Counter and FLAG register) while interrupts are
being serviced, and is used for the storage of the
Program Counter following the caLLing of a sub-
routine.

The USER Stack Pointer (USPR, R236:R237) is
completely free from all interference from automat-
ic operations and so provides for a totally user
controlled stack area.

Both Stack pointers may operate with both byte
(pUsH,poP) and word (PUSHW,POPW) data, and are

Figure 14. Internal Stack Pointers

differentiated by appending a "U" to the instruction
mnemonic for the User Stack (PUSHU/PUSHUW,
POPU/POPUW).

When the Stack Pointers are using RAM Memory
as the stack areas, a full word register is used as
the pointer, while when operating with the stack
area within the Register File (Groups 0 to 14 only,
but not the within the system and paged groups)
only an 8 bit register is required for addressing and
consequently only the low byte of the word regis-
ters are used (R239 for the System Stack and R237
for the User Stack). In this latter case the upper byte
of the stack pointer registers (R238 and R236)
must be considered as reserved. The Stack Poin-
ters may be selected to point to RAM or Register
file by the setting of the SSP (MODER.7) and USP
(MODER.6) of the ST902X configuration register
(MODER, R235) where a "1" denotes Register file
operation (Default at Reset) and "0" causes exter-
nal Data space operation.

Figure 15. External Stack Pointers

“

REGISTER FILE

R255

STACK POINTER L

STACK POINTER H

STACK

RO

VA00434

DATA MEMORY

SYSTEM REGISTERS

STACK POINTER L

STACK POINTER H

STACK

VA00435

12/64

26

&7 S5O0




$T9026,9027,9028

INTERRUPTS

The ST902X offers a powerful solution to the re-
sponse requirements of real-time systems with its
advanced interrupt structure. Interrupt trigger sour-
ces can be prioritized within 8 levels to match the
priorities assigned to the application. In addition a
top-level or non-maskable interrupt is available.

The ST902X interrupts follow the logical flow of
Figure 16.

Interrupt events (selectable with each function)
cause the setting of the Interrupt Pending (IP) bit
within the status register of the peripheral. This bit
may also be set by software in order to generate a
software interrupt, and should normally be reset by
software within the interrupt service routine. If the
interrupt is not Masked with the corresponding
Interrupt Mask bit, the interrupt is passed to the
centralinterrupt control logic where the priority level
assigned by the user to the interrupt source is
compared with the priority level of the core (user
programmed dynamically in the 3 bits of the Central
Priority register (CPL, CICR.0-2, Level 7 is the
lowest priority and level 0 the highest). If the incom-
ing priority level is higher than the CPL, and Global

Figure 16. Interrupt Logic

Interrupts are enabled (by the E1I instruction, inter-
rupts are disabled by the execution of the pI
instruction), the interrupt is acknowledged. If inter-
rupts are globally disabled, the priority level of the
source is lower than or equal to the CPL or the
Interrupt is masked, then the IP bit remains set and
the interrupt is held pending until the ET instruction
is executed, the CPL is set to a lower level AND the
interrupt is un-masked. Alternatively the IP bitofa
masked interrupt source may be used in a polled
interrupt environment, with the IP bit being reset by
software within the service routine.

The interrupt acknowledge cycle causes the Pro-
gram Counter and FLAGS register to be pushed
onto the System Stack (PC low byte first, PC high
byte, then FLAGS Register) and all maskable inter-
rupts to be disabled by resetting the IEN bit
(CICR.4). The peripheral Interrupt Vector, IVR, a
user programmable feature of the peripheral inter-
rupt control registers, is used as an offset into the
vector table, pointing to the high byte (even ad-
dress) of the 16 bit address which should contain
the starting address of the interrupt service routine.
Addresses 0 through 255 of the program space
comprise the interrupt vector table. Where multiple
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INTERRUPTS (Continued)
Figure 17. Interrupt Vector Table Usage

REGISTER FILE

65535

|

240
239

255

0oDno

PROGRAM MEMORY

USER INT. SUBROUTINE

USER DIVIDE BY ZERO
ROUTINE

USER
MAIN PROGRAM

USER
TOP LEVEL ISR

Lo

EVEN

= Nfw sl

o

TOP LEVEL REQUEST

ISR ADDRESS

VECTOR

Lo TABLE

TOP LEVEL
HI

Lo

i DIVIDE BY ZERO

[0

p POWER ON RESET

N

CPU DETECTION
DIVISION BY ZERO

RESET

VA00221

interrupt sources may occur within a peripheral, the
peripheral interrupt vector source may be encoded
by hardware set bits within the IVR register. This
means that the vector address defined in the pe-
ripheral IVR is the base address for a block of
vectors servicing that peripheral. The address
pointed to by the vector is loaded into the Program
Counter and execution restarts from this point.

The interrupt service routine should clear the inter-
rupt pending flag of the interrupt source and take
the appropriate action. The last instruction of the
interrupt service routine should be the IRET in-
struction, the action of thisis to restore the Program
Counter and Flags register to their value prior to
the interrupt acknowledgment, and to re-enable
interrupts. Within the interrupt service routine, use
may be made of the working register pointer mech-
anism to reduce the context switching time.

Two interrupt arbitration modes are available for
use with the 8 level priority scheme, Nested and
Concurrent modes. These are selected by the
status of the 1AM bit (CICR.3).

14/64
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Concurrent mode, selected when IAM = "0" (the
reset condition) is the standard interrupt arbitration
mode, where the arbitration phase of every instruc-
tion acknowledges interrupts according to their
priority level (if higher than the CPL) and follows the
sequence shown. All pending interrupts existing or
having eventually occurred during interrupt service
routine execution, remain pending until the Enable
Interrupt instruction (EI) (even if it is executed
during the interrupt service routine). EI within the
interrupt service routine is not recommended for
use with the Concurrent arbitration mode as this
cantrigger a Last In, First Out condition where high
priority interrupts are masked by lower priority in-
terrupts which are all higher than the CPL value.

Nested mode, selected when IAM = "1", uses the
same arbitration phase as concurrent mode, the
difference being that the CPL is modified during the
interrupt processing cycle to that of the acknow-
ledged interrupt level. The CPL value is pushed by
hardware into the Nested Interrupt Control register
(NICR, R247 page 0) by setting the NICR bit corre-
sponding to the CPL value. The interrupt service

SGS-THOMSON
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INTERRUPTS (Continued)
Figure 18. Interrupt Modes Example of Usage
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routine is entered in the normal manner. The re-
vised CPL level is used for arbitration of further

Table 2. ST902X Interrupt Hardware Daisy
Chain

interrupts, each higher level being saved on the — .
NICR stack, and being restored automatically by INTA High Priority
hardware with the IRET instruction. This allows the
execution of the EI instruction within the interrupt INTB
service routine to operate the correct nesting of
interrupts. The two modes are shown graphically in INTC
Figure 18, where the Y axis shows the CPL value. INTD
It should be noted that in the example INT1 will not
be acknowledged until the CPL level is pro- METIMERO
grammed to a lower level.
Interrupts coming from on-chip sources at the SCl Lowest Priority
same instant, and at the same priority level, are
resolved during the arbitration phase according to
a hardware daisy-chain. This follows the priorities
of the table shown in Table 2.
L7 SGS-THOMSON 15764
Y/ HICROELEGTRONICS
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INTERRUPTS (Continued)

External Interrupts. Up to 7 external interrupts are
available on the ST902X as alternate function in-
puts of I/O pins. These may be selected to be
triggered on rising or falling edges and can be
independently masked. The eight external interrupt
sources are grouped into four pairs or channels
which can be assigned to independent interrupt
priority levels. Within each channel the even inter-
rupt number takes the even priority level and the
odd channel the odd priority level (even+1).

Table 3. External Interrupt Channel Grouping

External Interrupt Channel
INT7 INTD1
INT6 INTDO
INTS INTC1
INT4 INTCO
INT3 INTB1
INT2 INTBO
INT1 INTA1
INTO INTAO

Several of the External Interrupt channels have
their inputs selectable between the external inter-
rupt source and on-chip peripheral sources.

Figure 19. Top-Level Interrupt Structure

Table 4. ST902X External Interrupt Souce
Selection

INTO
INTAO
Timer/Watchdog
End of Count
INT2
INTBO
SPI Interrupt

Top Level Interrupt. The Top Level Interrupt chan-
nel can be assigned either to the external NMI pin
or to the Timer/Watchdog output. When selected
as the external NMI pin, the active edge may be
programmed to be rising or falling. The TLI event
will cause the setting of the TLIP bit (CICR.6) and
according to the mask situation, a Top Level Inter-
rupt request may be generated. Two masking con-
ditions are available, a Maskable Mask and a
Not-Maskable Mask.

The Maskable Top Level Interrupt may be enabled
or disabled by software and follows the state of the
Global Interrupt Enable bit IEN (CICR.4), while the
Not-Maskable Mask bit (TLI, CICR.5) is a set-only
mask. Once set, the Top Level Interrupt is active
independently of IEN and cannot be disabled until
the next Reset cycle.
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DMA

The ST902X has on-chip DMA channels to provide
high-speed data transaction between peripherals
and Memory or Register File. Multi-channel DMA
is fully supported because each peripheral can
have its own DMA channel(s). Each DMA channel
transfers data to/from contiguous locations of the
Register File, Program Memory or Data Memory.
The maximum number of transactions that each
DMA channel can perform is 222 if the Register File
is selected and 65536 if Program or Data Memory
are selected.

DMA transfer to (or from) the Register File takes 8
INTCLK cycles, DMA transfer to (or from) Memory
takes 16 INTCLK cycles. If the ST902X is in the idle
mode (following the execution of the WFI instruc-
tion), DMA requests are acknowledged according
to their priority and control is returned to the idle
mode pending an interrupt, this operation in-
creases the number of INTCLK cycles by 2 for both
Register File and Memory DMA transactions.

Each DMA channel has its own control registers .

located in the page(s) related to the peripheral.

Figure 20. DMA Between Registers and Peripheral

There are two pointer registers, DAPR which points

to a register or register pair containing the current

DMA address to/from which data will be trans-

ferred, and DCPR, which points to a register or

register pair which contain the transaction counter
for the DMA operations. Each DMA transfer con-
sists of three operations:

— A load from/to the peripheral data register
to/from a location of Register File (or Memory)
addressed through the DMA Address Register
(or Register Pair)

— A post-increment of the DMA Address Register
(or Register Pair)

— A post-decrement of the DMA transaction
counter, which contains the number of transac-
tions that have still to be performed.

When the transaction counter reaches 0 (all data
has been transferred) an End of Block Interrupt
event is generated to allow the processing of the
DMA data block, or, by reloading the Address and
coulnter registers and retriggering, arepeated DMA
cycle.
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DMA (Continued)

A SWAP mode, allowing continuous DMA oper-
ation, is available for the Multifunction Timer and is
described in the section relating to the Multifunction
Timer.

The ST902X has DMA channels associated with
the Serial Communications Interface Input and
Output Serial data channels, the 16 bit Load/Cap-

Figure 21. DMA Between Memory and Peripheral

ture Register 0, CAPTOR, of the Multifunction Timer
allowing the timing of external signals to be cap-
tured into a table for off-line analysis or for the
automatic output of PWM signals of variable width
and timing, and the 16 bit Comparison Register 0,
COMPOR, of the Multifunction Timer which can be
programmed to cause output or input of parallel
data through the handshake port 5 under DMA.
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CLOCK GENERATION, WAIT, HALT AND RESET

Clock Generation

The ST902X Clock Generator module generates
the internal clock for the ST9 core and the on-chip
peripherals, it may be driven by an external quartz
crystal circuit, connected to the OSCIN and OS-
COUT pins, or by an external pulse generator
connected to OSCIN (Figure 22, Figure 23).

The conceptual schematic of the ST9 internal clock
circuit is shown in Figure 24.

Figure 22. Crystal Oscillator

The maximum external frequency of the ST9 is 24
MHz, while the maximum internal operating fre-
quency is 12 MHz, thus a programmable divide by
two circuit is present, this allows the use of high
frequency crystals for economy, or low frequency
crystals for reduction in radiated noise. This divider
is active upon exit from the reset condition, the user
may bypass the divide by two circuit by setting the
DIV2 bit (MODER.5). The resulting clock from this
section is named INTCLK, the internal clock which
drives the timebases of the on-chip clock for the
ST902X peripherals (eg the Multifunction Timer,
Timer/Watchdog, Serial Communications Inter-
face) and also the input of the CPU prescaler

Figure 23. External Oscillator
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Figure 24. Internal Clock Circuit
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CLOCK GENERATION, WAIT, HALT AND RESET
(Continued)

section. The CPU of the ST9 includes the instruc-
tion execution logic and may run at different rates
according to the setting of the PRS2,PRS1 and
PRS0 bits (MODER.4-2) (Figure 25). The resulting
clock isnamed CPUCLK and it should be noted that
this does not maintain a 50% duty cycle, but stret-
ches the high level of the clock until completion.
The CPUCLK prescaler allows the user to slow
down the program execution time (eg for lower
power consumption), while time-critical sections of
the program may tune the CPUCLK execution
speed to high speed and then restore it to its
original speed.

Figure 25. CPUCLK Prescaler

Wait States

The output from the prescaler can also be affected
by wait states. Wait states from two sources allow
the user to tailor timing for slow external memories
or peripherals. "

The internal Wait State generator will insert from 0
to 7 wait states, independently programmable for
both Program and Data Spaces, via the Wait Con-
trol Register WCR (R252, page 0). The second
source of wait states is the external Wait input pin
when enabled as the Alternate Function. Figure 26
shows the External Memory Interface timing as it
relates to CPUCLK prescaling of 2 and 5 added
wait states. The added wait states are derived from
the INTCLK clock cycle, not CPUCLK. Internal
memory is always accessed with no Wait states.
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued)

Figure 26. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States
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Halt and Wait for Interrupt (WFI) States

The schematic of the on-chip oscillator circuit is
shown in figure 27. The HALT condition, caused by
the execution of the HALT instruction, disables the
oscillator, forcing OSCOUT high. This places the
ST902X into the lowest power mode. The exit of
the HALT condition and the restarting of the oscil-
lator requires a RESET pulse with a minimum
duration of 10ms (figure 28). It must be noted that
if the TIMER/WATCHDOG has the WATCHDOG
mode enabled, a HALT instruction will not disable
the oscillator; this is to avoid stopping the Watch-
dog if, by an error, a HALT instruction is executed.
If this occurs, the ST902X runs in an endless loop
terminated only by the Watchdog reset (or hard-
ware reset).

The wrI (Wait for Interrupt) instruction suspends
program execution until an interrupt request is
acknowledged. During this period, DMA transac-
tions are allowed if their priority is higher than or
equal to the CPL level; the ST902X returns to WFI

Figure 27. Oscillator Schematic
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CLOCK GENERATION, WAIT, HALT AND RESET
(Continued)

mode after completion of the DMA transfer. The
CPUCLK is halted during Wait For Interrupt while
INTCLK continues to run, thus the power consump-
tion of the processor is lowered by the CORE power
consumption value.

The External Memory Interface lines status during
HALT and WFI modes is shown in Table 5.

Table 5. External Memory Interface Line
Status During WFI and Halt

PO (AD0-AD7) | High Impedance

P1 (A8-A15) Forced to Address of Next Opcode
AS Forced High

DS Forced High

RW Forced High

Reset

The processor Reset overrides all other conditions
and forces the ST902X to the reset state. During
Reset, the internal registers are set to their Reset
values, as shown in Table 6 for the system and
Page 0 Registers. The I/O Ports pins are set to the
Bidirectional Weak Pull-up mode. The user must
then initialize the ST902X registers to give the
required functions.

The Reset_condition can be generated from the
external RESET pin or by the on-chip
TIMER/WATCHDOG operating in Watchdog
mode. To guarantee the complete reset of the
ST902X, the RESET input pin must be held low for
at minimum of 53 crystal periods in addition to the
crystal start-up period. The Watchdog RESET wiill
occur if the Watchdog mode is enabled (WDEN,
WCR.6, is reset) and if the programmed period has
elapsed without the code 0AAh,55h written to the
appropriate register. The input pin RESET is not
driven low by the on-chip reset generated by the
TIMER/WATCHDOG.

Figure 28. Reset Timing Requirements from Halt State
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued)

Table 6. System and Page 0 Reset Values

Register System Register Page 0 Register
Number Reset Value Reset Value

F (SSPLR) = undefined Reserved

E (SSPHR) = undefined (SPICR) = 00h

D (USPLR) = undefined (SPIDR) = undefined

C (USPHR) = undefined (WCR) = 7Fh

B (MODER) = EOh "(WDTCR) = 12h

A (Page Ptr) = undefined (WDTPR) = undefined

9 (Reg Ptr 1) = undefined (WDTLR) = undefined

8 (Reg Ptr 0) = undefined (WDTHR) = undefined

7 (FLAGR) = undefined (NICR) = 00h

6 (CICR) = 87h (EIVR) = x2h

5 (PORTS) = FFh (EIPLR) = FFh

4 Reserved (EIMR) = 00h

3 (PORT3) = FFh (EIPR) = 00h

2 (PORT2) = FFh (EITR) = 00h

1 (PORT1) = FFh Reserved

o] (PORT 0) = FFh Reserved

During the RESET state, DS is held low and AS is
toggled with the frequency of the crystal (OSCIN)
divided by 32. This condition may be recognized by
external peripherals as a Reset condition. It may
also be used to enable the synchronization of
multiple ST902X running from the same clock in a

by $55.THOMSON

multi-processing or high security majority voting
system.

Once the Reset pin reaches a logical high, the
ST902X fetches the starting address from locations
0 and 1 of the program space and begins program
execution from this address after 67 crystal cycles.
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INTERFACING TO EXTERNAL MEMORY

External Memory and/or peripherals may be con-
nected to the ST902X through its External memory
interface. This provides the multiplexed Address
bits AO to A7 and Data bits DO to D7 as Alternative
Functions of Port 0, and the higher order address
bits A8 to A15 as Alternative Functions of Port 1,
giving the full 64K bytes addressing capability. The
Program/Data (P/D) output, when selected as an
Alternate function, allows external decoding to pro-
vide for the two independent pages of 64K bytes
for Program and Data.

Data transfer timing is generated by the Address
strobe AS and the data strobe DS. Address strobe
low indicates that the data present on ADO to AD7

Figure 29. External Memory Addressing Circuit

is the low order address and is guaranteed valid on
the rising edge of AS allowing for latching of the
address bits by an external latch. Data transfer
direction is indicated by the status of the
Read/Write (R/W) pin; for write cycles (R/W low),
data out is valid at the falling edge of DS; for read
cycles (R/W high), data in must be valid prior to the
rising edge of DS. The Data Strobe low period may
be extended to accomodate slow external devices
by the adding of internally generated wait cycles (0
to 7 cycles for program and/or data memory maps)
or by an external input on the WAIT input pin also
available as an Alternative Function of an 1/O bit.
Suggested interface circuits are shown in Figure 20
and Figure 30.
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INTERFACING TO EXTERNAL MEMORY (Continued)

Figure 30. External Memory Addressing Circuit
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BUS CONTROL

Multi-processing or external program testing may
be accomplished by disabling the I/O ports used for
external memory addressing and the associated
timing signals.

High Impedance Mode

The user may place the External Memory Interface
(I/Oports 0 and 1, Address Strobe, Data Strobe and
Read/Write) into the high impedance state by set-
ting the HIMP bit (MODER.0). External test equip-
ment may then drive the memory lines for
automatic test, external memory validation or pro-
gramming. The ST9 will continue to execute inter-
nal programs, providing no external memory is
addressed, allowing the execution of security rou-
tines without showing externally the addresses
used.

Lﬂ SGS-THOMSON

Bus Request/Acknowledge

The External Memory Interface address ports and
timing signals may be forced to their high imped-
ance state by utilizing the BUSREQ, Bus Request,
and BUSACK, Bus Acknowledge, signals available
as Alternate Functions of two I/0O pins (please refer
to the pin configuration drawings for availability of
these lines for the package chosen). The signals,
BUSREQ and BUSACK, must be enabled by set-
ting the BRQEN bit (MODER.1). Once enabled, a
low level detected on the BUSREQ pin at the start
of an internal machine cycle will cause the stretch-
ing of the CPUCLK, and BUSACK to go low indi-
cating that the_External Memory Interface is
disabled. The BUSREQ pin is then continuously
monitored, and when sampled high, the External
Memory Interface pins are driven by the ST9 within
two INTCLK cycles.

25/64
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I/0 PORTS

Summary of Function

For each package type of the ST902X, only eight
pins have a Reserved function: Vpp, Vss, RESET,
AS, DS, R/W, OSCIN, OSCOUT. All other pins are
available as Input/Output (I/O) for the user,
grouped into Ports of 8 bits. These may be pro-
grammed to be Input, Output, Bidirectional or Alter-
nate Function (Peripheral or Memory Interface), on
a bit by bit basis, at any time. When programmed
as an Input the pin may be set to TTL or CMOS
input threshold levels, while, when programmed as
Output, Push-Pull or Open Drain configuration may
be selected. The Bidirectional mode sets the pin
with a weak pull-up resistorto Vpp or to Open Drain,
allowing bidirectional communication with external
logic. The Alternate Function setting is predeter-
mined for each pin as shown in the Pin Configura-
tion Table.

The circuitry of the I/O port allows for several
ST902X peripheral functions to address, as Alter-
nate Functions, the same pin, for both input and
output, the user selects which peripheral function
is to be active by enabling its individual Input or
Output function. This multi-function I/O capability of
the ST902X allows for easy adaptation to external
circuits. The options available for each bit are sum-
marized in Table 8

Figure 31. I/O Port Schematic

Table 7. I/0 Setting Options

TTL Thresholds
Input

CMOS Thresholds
Output Open Drain

Push Pull
Bidirectional Open Drain

Weak Pull-up
Alternate Function Open Drain

Push Pull

1/0 Port Configuration

The configuration of each general 1/0O bit of the
ST902X is set by the corresponding bits in three
1/0 Port control registers. These affect the status of
the input and output buffers of the pin, and enable
the Alternate function Outputs. Alternate Function
inputs are always connected, and are used by
enabling the function from within the configuration
registers of the relevant peripheral function. The
configuration of an I/O bit is shown in Figure 31.
Outputs follow a Master/Slave buffer, data is trans-
ferred from the ST9 internal data bus at the begin-
ning of the machine cycle, and, if enabled as

1/0 PIN

PUSH PULL
TRISTATE

OPEN DRAIN
WEAK PULL-UP

OUTPUT SLAVE LATCH

ALTERNATE
FUNCTION —oO
(out)

TTL
CMOS

ALTERNATE
FUNCTION (IN)

o0

T o

-IOUTPUT MASTER LATCH| I

INPUT LATCH |

l

S

INTERNAL DATA BUS 2

VA00222
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1/0 PORTS (Continued)

output, is passed to the output latch at the end of
the cycle. This synchronization allows for the Bidi-
rectional use of the pin without potential conflicts.

Configuration Registers. Three registers are
used to allow the setting of each pin, generically
PxC2R, PxC1R, PxCOR, where x relates to the 8

Table 8. Port Configuration Status Bits

bit I/O port in which the bit is present. The setting
of the corresponding bit in each register to achieve
the desired functionality of the 1/O pin is shown in
Table 8.

The effect of the configuration settings of Table 8
on the I/O ports structure is shown in Figures 32 to
35.

PxC2n 0 1 0 1 0 1 0 1
PxC1n 0 0 1 1 0 0 1 1
PxCOn 0 0 0 0 1 1 1 1
Pxn Configuration BID BID ouT ouT IN IN AF AF
Pxn Output WP oD PP oD HI HI PP oD
Pxn Input TTL TTL TTL TTL CMOS TTL TTL TTL

Legend :

x  =Port AF = Alternate Function

n  =Bit WP =Weak Pull-up

BID = Bidirectional OD =Open Drain

OUT = Output PP =Push Pull

IN  =lnput HI = High Impedance

Figure 32. I/O Port Input Configuration

Figure 33. I/0 Port Output Configuration

1/0 PIN

L

TRISTATE oMos

ALTERNATE
FUNCTION

OUTPUT SLAVE LATCH

INPUT LATCH l

1

4 INTERNAL DATA BUS <

| OUTPUT MASTER LATCH | l

VA00224

1/0 PIN

OPEN DRAIN

PUSH-PULL m

ALTERNATE
FUNCTION

OUTPUT SLAVE LATCH

— 7
!

| OUTPUT MASTER LATCH l | INPUT LATCH I

T |

g INTERNAL DATA BUS 2

VA00225
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1/0 PORTS (Continued)
Figure 34. I/0 Port Bidirectional Configuration

Figure 35. /0 Port Alternate Function Config.

1/0 PIN

WEAK PULL-UP

OPEN DRAIN m

QUTPUT SLAVE LATCH
ALTERNATE
FUNCTION

I OUTPUT MASTER LATCH ‘ | INPUT LATCH |

|

13 INTERNAL DATA BUS 2

VA00226

1/0 PIN

TIL

OPEN DRAIN
PUSH-PULL

OUTPUT SLAVE LATCH

ALTERNATE
FUNCTION (IN)

ALTERNATE
FUNCTION (OUT)

INPUT LATCH

3 INTERNAL DATA BUS 2

VA00227

1/0 Register Map

The Data Registers which correspond to the pin
status (after configuration) of /O port 0 to 5, are

Figure 36. I/0O Register Maps

found in Group E of the Register File, forimmediate
access at all times, while the configuration registers
and the Data Registers for Additional Ports are
found within I/O pages (Group F) 2 and 3.

GROUP E GROUP F PAGE
DEC HEX DEC HEX 02 03
R255 RFF ~ RESERVED RESERVED
R254 RFE P3C2 'RESERVED
R253 RFD P3C1 . RESERVED
R252 RFC P3CO0 RESERVED
R251 RFB RESERVED RESERVED
R250 RFA P2C2 RESERVED
R249 RF9 P2C1 - RESERVED
R248 RF8 P2CO RESERVED
R247 RF7 RESERVED HDC5
R246 RF6 P1C2 P5C2
R229 RE5 P5D R245 RF5 P1C1 P5C1
R228 RE4 RESERVED R244 RF4 P1CO P5CO
R227 RE3 P3D R243 RF3 RESERVED RESERVED
R226 RE2 P2D R242 RF2 PoOC2 RESERVED -
R225 RE1 P1D R241 RF1 POC1 RESERVED
R224 REO POD R240 RFO POCO RESERVED .
&7 $58;HOMSON
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1/0 PORTS (Continued)

Handshake and DMA

I/O Port 5 of the ST902X (please refer to the pin
configuration table for the availability of all 8 bits of
Port 5, as this is dependent on the package type)
is able to support a parallel interface port with
handshake capability. This allows one, two or four
wire interconnecting handshake signals and facili-
tates very fast parallel transfer of data for input and
output, or for the interconnection of peripheral de-

space memory. An example of application of this
technique is shown in figure 37, a complex stepper
motor timing sequence automatically being trans-
ferred from a table in the Register File (or memory
spaces) to the stepper motor drivers. After initializ-
ation, this operation is transparent until the task
(complex microstepping) is completed.

Table 9. Handshake Control Signal Options

vices requiring strobe signals for synchronization. Handshake
Table 9 shows the available options for input and Mode Lines Names
output status and strobe signals available as Alter- ] WRRDY
nate Functions of I/O port bits (see Pin Configura- Input
tion). The Handshake configuration is setwithin the P‘° WRSTB
Handshake Control Register (HDCnR) for the rele- ort 2 WRRDY
vant I/O port n.
Data transfer through the parallel /O port with c}‘r‘é‘r’r:“ ! RDADY
handshake can also be triggered through a DMA Port 2 RDSTB
channel. Timing is generated by the ST902X RDRDY
TIMER ON-CHIP EVENT strobe signal (see the —
TIMER section for information on generating these WRSTB
signals), which causes the programmed transfer of Bidirectional 4 ‘ggg.?g
data to or from the memory source which can be RDRDY
Register File, Program space memory or Data
Figure 37. Handshake + DMA Used for Stepper Motor Driving
Vee
LMIT
/ SWITCHES
INT
OPERATING T
—=1 REG O
FREQUENCY v ] uor
COMP_0 | OCE
— 7 TEA
6 317
5 PHASEA
4 IN1
HANDSHAKE P5 |3 INO
DMA 2 PHASEA
CONTROLLER 76543210 | I ‘ BIPOLAR
B8 0 INO ‘ STEPPER
MOTOR
TEA |
DATA TABLE: 3
REGISTER FILE
PROGRAM SPACE
DATA SPACE SWAP
MODE
ST9 DEVICE
VA00302
29/64
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TIMER/WATCHDOG

A 16 bit down-counter, complete with 8 bit pres-
caler, is integrated into the ST902X core. This is
able to operate both as a general purpose timer
with associated input and output pins for timing
functions, and also as a Watchdog Timer offering
a security against possible processor malfunctions
due to external events.

Timer Modes

When operating as a Timer, with a timing resolution
from 333ns to 5.59s (INTCLK = 12MHz), an input
pin (WDIN) and output pin (WDOUT) may be se-
lected as the Alternate Functions of two 1/O pins.
When WDIN is enabled by the user by setting INEN
high (WDTCR.3) and the Alternate Function is set,
4 operating modes are available: The WDIN input
may be programmed to act as an event counter
input, with high to low transitions causing the
counter to decrement (the time duration between
the falling edges of the input clock must be at least
333ns, allowing a maximum input frequency of
3MHz). It may also be used for pulse width meas-
urement by being selected as a counter clock gate
signal (prescaler to the counter being driven by
INTCLK/4), counting being enabled when WDIN is
at a high level. Trigger and Re-trigger modes cause
a reload of the timer user preset values (providing
STSP, WDTCR.7 is active) for a high to low transi-

Figure 38. Timer/Watchdog Block Diagram

tion on WDIN at any time (Re-trigger mode) or
when the counter is at the end of count (Trigger
mode). The counter decrements at a rate driven by
INTCLK/4.

The WDOUT pin, when set as the Alternate Func-
tion, is enabled by OUTEN high (WDTCR.0), and
may either toggle the state of the I/0 bit (frequency
generation, OUTMD = "0", WDTCR.2) or pass the
state of the WROUT bit to the output allowing PWM
generation (OUTMD = "1") at the end of count
(timer value = 0) condition.

Watchdog Mode

The timer functions may be disabled, and the Timer
configured for a Watchdog operation by re-setting
WDEN (WCR.6) to zero. Once the Watchdog has
been selected it CANNOT be set back into the
standard timer mode until the next Hardware Reset
cycle. The user should set the watchdog timer
prescaler and timer reload value before enabling
the Watchdog mode. The Watchdog Timer must
then be retriggered, causing the reloading of the
timer value, by the operation of writing of the byte
sequence 0AAh, 055h to the WDTLR register. If
this is not done before the Watchdog counts to
zero, the Watchdog Timeout condition occurs. This
causes a Hardware Reset of the ST902X. The
Watchdog reset signal is not output on the external
RESET pin.

WDTRH,WDTRL
16 BIT COUNTER
(READ AND WRITE)

TIMER/WATCHDOG CLOCK

OUTMOD WROUT OUTEN

WDTPR
INEN INMD1 INMD2 8 BIT PRESCALER
| l l (READ AND WRITE)
INPUT
WDIN O—] &
cLock conTROL LoGIC]
MUX
INTCLK /4 ————————»]

WDOUT O
NMI O
INTO O

i

OUTPUT CONTROL LOGIC

END OF
COUNT

y

INTER
CONTROI

RUPT
L LOGIC

|— WDEN
|— 1a0s
— s

I—— RESET

L———» TOP LEVEL INTERRUPT REQUEST
L—————» INTAO REQUEST

VA00303
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TIMER/WATCHDOG (Continued)

Timer/Watchdog Interrupts

The Timer/Watchdog may provide several levels of
interrupts selectable by the user. The Timer mode
offers two interrupt sources, triggered on the timer
value reaching 0, either a prioritized level (by taking
the Interrupt priority channel from the External
Interrupt INTAO) or by a top level, non-maskable
interrupt (taking the external NMI input channel).
The interrupt channels are multiplexed from the
alternative source according to the status of the
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in

Figure 40. Timer/Watchdog Interrupt Sources

TIMER WATCHDOG
END OF COUNT

1 RESET

WDEN (WCR.8)

Figure 40. Please refer to the ST9 Technical Ma- S
nual for further details on changing the interrupt
sources of the Timer/Watchdog. When the Watch- MUX  |————————% INTAO REQUEST
dog mode is set (WDEN = "0"), the timer value wio O 1
equal to 0 event generates a Hardware reset of the
ST902X. The Timer/Watchdog control registers are t
located within Page 0 of the Paged /O register A0S (ENR 1)
group.
— 0
MUX TOP LEVEL
INTERRUPT REQUEST
NMI O—— 1
t—- TUS (EIVR.2)
VA00293
Figure 39. Timer/Watchdog in Watchdog Mode
COUNT
VALUE ‘
TIMER START COUNTING
\ = RESET
WRITE WDTRH,WDTRL | -
WDEN=0 SOFT FAIL
(E.G. INFINITE LOOP)
OR PERIPHERAL FAIL
WRITE AAh,S55h
INTO WDTRL
-
PRODUCE
COUNT RELOAD VA00220
437 SCS-THOMSON s1/64
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MULTIFUNCTION TIMERS

The ST902X includes a 16 bit Multifunction Timers
(MFT) in addition to the TIMER/WATCHDOG.

The Multifunction Timer is a 16 bit Up/Down
counter, driven by the output of an 8 bit prescaler
which may be driven by INTCLK/3 (giving a mini-
mum timing resolution of 250ns at INTCLK = 12
MHz) or by an external source. This timer is sup-
ported by two 16 bit Comparison Registers for
generating timed functions and two 16 bit Cap-
ture/Load Registers for timing and variable time-
base functions. These features coupled with 2 input
pins (TxINA and TxINB) and 2 output pins (TxOUTA
and TxOUTB, where x = 0 or 1), available as
Alternate Functions, give the timer 12 operating
modes for virtually all required timing functions.

MFT Operating Modes

The operating modes are selected by the pro-
gramming of the Timer Control Register (TCR
Timer x) and the Timer Mode Register (TMR) as
follows:

ONE-SHOT MODE. The counter stops at the End
Of Count Condition (up or down count).

CONTINUOUS MODE. At End Of Count the timer
is reloaded from a Load Register.

Figure 41. Multifunction Timer Block Diagram

TRIGGER MODE. A Trigger causes reload from a
load register only if the Timer is at End of Count.

RETRIGGER MODE. A Trigger causes reload from
a load register at any time.

GATE MODE. Counting is performed only when
the external gate input (TxINA or TxINB) is active
(logical 0).

CAPTURE MODE. A Trigger causes the timer
value to be latched into the selected Capture reg-
ister.

UP/DOWN MODE. A Trigger causes a count up or
down, or a change in counting direction.

FREE-RUNNING MODE. Up or Down counting is
performed to the full range with no action at End of
Count. This is used in Bicapture and Capture
Modes.

MONITOR MODE. One Capture register follows
the contents of the timer.

AUTOCLEAR MODE. The timer is reset to 0000h
or FFFFh (up or down count respectively) on a
trigger. This gives delta time measurement or free
running with a modulo of less than 2.

BILOAD MODE. The counter is reloaded on an
End Of Count condition alternately from the two
Load Registers. (PWM output).

CAPTURE/LOAD
LOGIC

l

DMA CONTROLLER
CAPTURE/LOAD REG O '—, \—-I CAPTURE /LOAD REG 1 —I

}

\

8 BIT
— ]
cLock PRESCALER

16 BIT U/D COUNTER

COMPARATOR

I

COMPARE REG 0 J
DMA CONTROLLER

COMPARE REG 1

VA00304
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MULTIFUNCTION TIMER (Continued)

Table 10. Input Pin Function Settings

BICAPTURE MODE. A Trigger causes the current '"'}‘{"t Q:t"tm' TOINAInput | TOINB Input
timer value to be transferred alternately to the two IN3ING bits Function Function
Capture registers. (Pulse width measurement).
. . 0000 110 (o]
The trigger events may be either caused by soft- .
ware, or an action on the two input pins which may 0001 110 Trigger
be programmed to respond to rising, falling or both 0010 Gate 110
edges of the input. The input modes are selected .
in the Input Control Register (ICR) as shown in oo Gate Trigger
Table 10. This includes the Autodiscriminator 0100 e Ext.clock
mode, which causes the timer to count up or down 0101 Trigger 10
depending on the phase between the two input 0110 Gate Ext.clock
edges, such as the signals generated by optical A ;
encoders. 0111 Trigger Trigger
The two output pins (available as Alternate Func- 1000 Clock Up Clock Down
tions) may be programmed through the Output 1001 Up/Down Ext.clock
Control Registers OACR and OBCR to be modified 1010 Thi Trigger D
(Set, Reset, Toggle or No Operation) on each of 0 figger Up gger bown
Overflow/Underflow (OVF/UNF), Compare on 101 Up/Down 1o
CMPO valid (CM0), or Compare on CMP1 1100 Autodiscr. Autodiscr.
(COMP1) valid events. This allows repetitive sig- :
nals such as PWM drive to be output with minimum 1ot Trigger Ex‘fCIOCk
CPU overhead. Fig 42 shows some typical wave- 1110 Ext.clock Trigger
forms available from these signals. 1111 Trigger Gate
Figure 42. Example Output Waveforms
COMP1
COMPO /; /= < /:
L Ly I/i | Ly
I | Ly Loy I | : | [
o | : ovF : | ovF oF O\I/F : | ovF
I [ | : | | [ | : |
| [ P I o Pl
OUTA I | | __l | |
TSET REISET | L S(I-ZT RESET) 'l Ly
} | |
outs | [ L g !_' L
TOGGLE |TOGGLE | | | TOGGLE | leT: Bl
| | TOGGLE | | | | | ToGelE | | |
| |l Loyl | R N
I | L by ! | | : | I |
OUTA I | ! L] [ r
| | i B : RE'iSETI SIET REISETI |
! } i |
oute 1 ||| |_l_f ! ]
| RESETI | RESETI | | SET | | sET | |
' str ! ST ! | TO(%GLE TocchE:
|
(3) o !
VA00420
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MULTIFUNCTION TIMER (Continued)

The Overflow/Underflow event and the Compare 0
event may also be programmed to give On-chip
Event timing signals to trigger other peripheral
operations on the ST902X. These are as shown in
Table 11.

- Table 11. ST902X On-Chip Event Settings

MFTO Handshake Trigger Port 5

The TXOUTA and TxINA lines for the timer may be
connected internally, by setting of the SCx bits of
the 1/0 Connection Register (IOCR).

The Multifunction Timer is enabled for counting by
the Counter Enable bit (CEN, TCR.7). When CEN
is low, both prescaler and timer are halted. CEN is
logically ANDed with the Global Counter Enable bit
(GCEN, CICR.7).

MFT Interrupts

The Multifunction Timer can generate interrupt re-
quests from 5 different interrupt sources which are
grouped into 3 independent groups. The Interrupt
Vector has the source of the interrupt group en-
coded by hardware into the least significant 3 bits
of the vector. This allows the programming of the
base address to an 8 byte block within the interrupt
vector area of the Program Space. The groups and

respective addresses are shown in Table 12. POINTERS MAP INTO MEMORY
Register File
Table 12. MFT Interrupt Vectors Address  |COMPO 16| yyyyyy 11 () | INCREA-
Interrupt Source Vector Address Pointers ﬁ:%?ﬁ-%gg yyyyyy 10 (h) pR?g\lmTy
CAPT 0 16 bit | yyyyyy 01 (I)
88%5? xxxx x110 ADDRESS
POINTER | YYyyyy 00 (h)
8?;11:? xxxx x100
DMA COMP 0 DMA 1
Overflow/Underflow Xxxx x000 COUNTERS 16 bit xoooo 1)
COUNTER | Xxxxxx 10 (h)
CAPT 0 DMA | xxxxxx 01 (I)
16 bit Xxxxxx 00 (n)
Each source may be independently masked, in COUNTER
addition all Timer interrupts may be disabled by the ,
Global Timer Interrupt enable (GTIEN, IDMR.7)
control bit. If a Timer interrupt on Compare 0 or YWY USER PROGRAMMABLE
Capture 0 does not have its corresponding pending XXXXXX
34/64
57 $53:moMsON
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bit reset before the next interrupt, then an overrun
condition occurs. This condition is flagged in two
dedicated overrun bits inthe Timer FLAGS register.

MFT DMA Channels

Two independent DMA channels are present within
the MFT, associated to the Compare 0 and Capture
0 sources. This allows 16 bit DMA transactions from
Register File/Memory to COMPO registers, and
from CAPTO registers to Register File/Memory. The
DMA channels allow the capture of external event
timings in memory allowing off-line analysis, and
creating of variable pulse width signal trains, as
required by the drive of Triacs in certain modes.

The two interrupt mask sources are independently
masked by two DMA mask bits, mapped in the
IDMR register. The End of Block (EOB) procedures
are as described in the INTERRUPT/DMA section.

The DMA counter and address pointer registers
share the most significant user-programmable 6
bits for both DMA channels (COMP 0 and CAPT 0),
thus the mapping of the counter and address reg-
isters use automatic offsets from the base address.
The actual mapping changes dependent on
whether the Register File or Memory is addressed
for the transfer. The offsets are shown in Table 13.

Table 13-1. MFT DMA Address and Counter
Registers for Memory DMA Transfers
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MULTIFUNCTION TIMER (Continued)

Table 13-2. MFT DMA Address and Counter
Registers for Register File DMA Transfers

POINTERS FOR REGISTER FILE DMA
8 Bit COUNTER | xxxxxx 11
- COMPARE 0
Bglot(?qqrgg xxxxxx 10
8 bit COUNTER | xxxxxx
CAPTURE 0
Sggl‘:‘?rgg xxxxxx 00
XXXXXX USER PROGRAMMABLE

After the transfer of the complete block of data
to/from the MFT, the count registers reach the zero
value and an end of block interrupt occurs so that
the ST9 may process the new data. In many cases,
the time taken to reload the data tables and to
re-trigger the DMA action causes speed limitations,
especially in those applications requiring a continu-

Figure 43. Multifunction Timer Page Maps

ous high speed data flow, because of the time
consumed by the restore routine. An additional
DMA function, the SWAP mode, overcomes this
limitation. This is enabled by the setting of the
SWEN (IDCR.3) bit. This causes hardware gener-
ated signals to replace the user address bit 2 of
both the address and counter pointers. The ad-
dress and counter registers are thus duplicated at
an offset of 4 registers. At the End Of Block condi-
tion, the EOB interrupt is generated to signal the
end of DMA, and the state of pointer address bit 2
toggles state automatically and the new address
and count values are used. Thus the ST9 can safely
process the previous block of data while the new
block is being transferred. This will continue until
the SWAP mode is disabled.

A software protection scheme is implemented to
prevent non-updated pointer registers from being
used if a second EOB interrupt arrives during the
servicing of the first. This mechanism locks the
state of the DMA mask bit to prevent further trans-
fers from taking place. The user should check for
this condition in the EOB routine to ensure that all
the DMA transfers are properly serviced.

The control Registers of each MFT occupies 20
registers within the I/O paged area. These are
mapped as follows:

In addition the MFT is able to trigger byte DMA
transfers in both directions through an /O port with
Handshake (see 1/0O Handshake and DMA).

RFF
MFT 0
CONFIGURATION
REGISTERS
REB
RF7 16 bit
COMPARE REGISTER
RF6 COMP 1
16 bit
COMPARE REGISTER
RF4 COMP 0
16 bit
CAPTURE/LOAD REGISTER
RF2 REG 1
16 bit
CAPTURE/LOAD REGISTER
RFO REG 0
Page 10 (0AH)
MFT 0

MFT 0
INTERRUPT
and
DMA

Page 9 (09H)
MFT O
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SERIAL PERIPHERAL INTERFACE (SPI)

The Serial Peripheral Interface (SPI) is integrated
into the Core module of the ST902X and provides
a general purpose shift register based peripheral
allowing synchronous serial I/Oé with special
modes allowing compatibility with I<C-bus and IM-
bus Communication standards in addition to the
standard serial bus protocol. The SPI uses 3 lines
comprising Serial Data Out (SDO), Serial Data In

Figure 44. SPI Functional Diagram

full duplex transmission with both data-out and
data-in synchronized with the same clock signal.
Thus the byte transmitted is replaced by the byte
received, eliminating the need to separate "Tx
Empty" and "Rx full" status bits. After the 8 clock
cycles have been concluded, the received data in
SPIDRis parallel transferred to the read buffer and
data becomes available for the ST902X during the
next read cycle of SPIDR. The BUSY bit (SPICR.4)

SDO SDI
O O

RETURN TO
DATA BUS

READ BUFFER

SPI DATA REGISTER
(SPIDR R253)

R254)

TRANSMISSION  |NT2 sk .
CONDITION 0 o)
BAUD
_____
MUX A
-7 | 1 1 '
1 1 ! 1 [N S,
1 1 1 1 1 \
| | | | . ocR
[ spen [ Bus | ars | Busy | ceaL | crHa | seri | spro (sPic
sTo
INTERRUPT

DATA BUS

VA00439

(SDI) and the Synchronous Serial Clock (SCK)
which are available as Alternate Functions of I/O
pins. Additional I/O pins may act as device selects
or IM-bus address ident signals. The functional
diagram of the SPI is shown in Figure 44.

The SPI, when enabled (SPEN, SPICR.7, high),
receives input data from the ST9 internal data bus
into the SPIDR, and originates the SCK to shift the
data serially through SDO (Most Significant bit first)
to the slave device which responds by sending data
to the master device via the SDI pin. This implies

36/64
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is set when transmission is in progress, this allows
the user to monitor the status of the SPI by polling
of this bit.

The SPI can operate only in master mode, i.e. the
clock is always generated by the ST902X, however
the SCK polarity and phase can be programmed to
suit all peripheral requirements Figure 45). This,
together with the 4 programmable bit rates (divided
from the INTCLK, Table 14), provide the large
flexibility in handling different protocols.
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SERIAL PERIPHERAL INTERFACE (Continued)
Figure 45. SPI Data and Clock Timing

INTERNAL |'| |'| |'|
READ STROBE

[ |

SDI/SDO

VAQ0437

Table 14. SPI Rate Selection

SPR1 SPRO| ieCK (NTOLK =5 2MH2)
o o 8 1500KHz (T = 0.6745)
o 1 16 750KHz (T = 1.33us)
10 12 93.50KHz (T = 10.6645)
11 256 | 46.87KHz (T = 21.33us)

12C-bus Compatibility

The SPI includes additional circuitry to enable the
use of external I°C-bus peripherals. The [°C-bus
mode is a 2 wire bus while the SPI operates with 3
wires, however wire-ANDing SDO and SDI gives
the required signalling, while setting the BMS bit
causes the enabling of the special [°C-bus fea-
tures: Clock Slowdown by external devices and
Arbitration Lost detection. This mode also affects
the Interrupt sources as shown in the next section.

[77 SGS-THOMSON

SPI interrupts

The SPI, when enabled, uses the INT2 external
interrupt channel source, using the priority selected
for INT2 within the Extemnal Interrupt Priority regis-
ters. The INT2 mask bit should be set and INT2
pending bit reset before enabling the SPI through
SPEN. The BMS (SPICR.6) and SPEN bits select the
SPI internal interrupt source as shown in Table 15.

Table 15. SPI Interrupt Sources

SPEN | BMS Interrupt Source
0 0 External channel INT2
0 1| S-BUS/IC start or stop condition
1 X End of one byte transmission

SPI Registers

The two registers controlling the SPI are located in
1/0 page 0, the Data Register, SPIDR, at R253 and
the control register, SPICR, at R254.

37/64
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SERIAL COMMUNICATIONS INTERFACE

3

Function

The Serial Communications Interface (SCI) of the
ST902X offers a means of full-duplex serial data
transfer to a wide range of external equipment with
its fully programmable character format control for
asynchronous and byte synchronous serial I/O,
integral Baud Rate Generator, giving a maximum
baud rate of 375K Baud in Asynchronous mode
(Internal Clock), and two DMA channels for trans-
parent transmission and reception of characters.
Support is also present in hardware for Line Break
Detection and generation, character search, net-
work interfacing with 9th bit Address logic, and
Local Loop Back and Auto echo modes for Self-
Test. The control registers for the SCI exist within
one /O page within the I/O page group.

Figure 46. SCI Functional Block Diagram

Character Formats

When used for asynchronous character trans-
mission and reception, the character format may
be changed (through the Character Control Regis-
ter CHCR) to suit external equipment require- |
ments. This is summarized in Figure 47.

The baud rate clock for asynchronous mode should
be set to the +16 Mode and the frequency of the
clock input (from an external source or the internal
baud-rate generator output) set to suit this.

This format control is also available for the byte
synchronous mode (Clock divider set to +1), when
the data and clock are output in synchronism, the
data being sampled once per clock period (Figure
48). For a second synchronous mode, CLKOUT is
activated only for the data section of the word
(Figure 49) on serial data output, and input data is

—
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RECEIVER
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TRANSMIT FRAME CONTROL RECEIVER
SHIFT and SHIFT
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SERIAL COMMUNICATION INTERFACE
(Continued)

latched on the rising edge of the external syn-
chronised clock input on the RXCLK pin. This
mode may be used to access external synchronous
peripherals.

The Address bit/D9 is optional and may be added
to any word format, it is commonly used in network
or machine control applications. When enabled
(AB, CHCR.4 = "1"), an address or ninth data bit
can be added to a transmitted word by setting the
Set Address bit (SA, IDPR.5). This is then ap-
pended to the next word entered into the (empty)
Transmitter Buffer Register and then cleared by
hardware. On character input an Address Bit set
can indicate that the data preceding the bit is an

Figure 47. SCI Character Format

address which may be compared in hardware with
the value in the Address Compare Register (ACR)
to generate an Address Match interrupt when
equal.

The Address bit and Address Comparison Register
can also be combined to generate an Address
Interrupt in 4 modes to suit different protocols,
based upon the status of the Address Mode Enable
bit (AMEN, IDPR.7) and the Address Mode bit (AM,
CHCR.7) as shown in Table 16.

The character match Address Interrupt mode may
be used as a powerful character search mode,
giving an interrupt on reception of a predetermined
chgracter e.g. Carriage Return or End of Block
codes.

]

L

START DATA PARITY ADDRESS STOP
. 1,1.5,2,2.5 16
# bits 1 5,6,7,8 0,1 123 1
NONE
states gé\::
EVEN

Figure 48. Byte Synchronous Output

Figure 49. Serial Expansion Mode

LTT o TTT ofa
170 STOP BIT

START BIT
oo L Il
VA00272

1/0 ' I | DATA ' I |
CLOCK { I , ”

VA00273
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SERIAL COMMUNICATION INTERFACE
(Continued)

Table 16. Address Interrupt Modes

If 9th Data Bit = 1

If Character Match

If Character Match and 9th Data Bit = 1

If Character Match on Word Immediately Following
Break

The Line Break condition is fully supported for both
transmission and detection. Line Break is sent by
setting the SET_BREAK bit (SB, IDPR.6). This
causes the transmitter output to be held low (after
all buffered data has been transmitted) for a mini-
mum of one complete word length and until the SB
bit is Reset.

SCl Interrupts

The SClis able to generate interrupts from multiple
sources. Receive interrupts include data pending,

Figure 50. SCI Interrupt Typical Usage

receive errors (overrun, framing and parity), ad-
dress or break pending and transmit interrupts are
software selectable for either the Transmit Holding
Register Empty (HSN, IMR.7 = "1") or for the
Transmit Shift Register Empty (HSN = "0"). Inter-
rupt sources are indicated by the Interrupt pending
bits, shown in Table 17. These bits should be reset
by the user during the Interrupt Service routine.

Table 17. SCI Interrupt Vector

Vector

Interrupt Source Address
Transmitter Buffer or Shift
Register Empty/Transmit DMA xxx x110
end of Block
Received Read/ Receive DMA
end of Block o x100
Eﬂrgil; Detector Address Word XX X001
Receiver Error xxxx x000

ADDRESS AFTER BREAK CONDITION
(C_DATA__)__BREAK [ ADDRESS | DATA ] DATA | DATA ) BREAK [ ADDRESS J_ DATA )
MATCH J J NO MATCH
BREAK ADDRESS DATA DATA DATA BREAK
INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT
ADDRESS WORD MARKED BY D9=1
(" oatA_ ) apDRESS | DATA_ [ DATA__ | DATA | ADDRESS ) DATA )
MATCH l NO MATCH
ADDRESS DATA DATA DATA
INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT
CHARACTER SEARCH MODE
(CoAaTA 1 DATA | MATcH | DATA | DATA_ | DATA )
DATA DATA CHAR DATA DATA DATA
INTERRUPT  INTERRUPT MATCH INTERRUPT  INTERRUPT  INTERRUPT
INTERRUPT
D9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT
(. oatA Y pATA | 09=1 | DATA_ ] DATA | DATA )
DATA DATA D9=1 DATA DATA DATA
INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT  INTERRUPT
VA00270
40/64
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SERIAL COMMUNICATION INTERFACE
(Continued)

When DMA is active the Receive Data Pending bit
(RXDP, ISR.2), and the Transmit status bit interrupt
sources are replaced by the DMA End Of Block
Interrupt sources for transmit and receive, respec-
tively.

Typical Usage of the Interrupts provided by the SCI
are show in Figure 50.

The SCI interrupts have an internal priority struc-
ture (Table 18) in order to resolve simultaneous
events.

Table 18. SCI Interrupt Internal Priority

Receive DMA Request Highest Priority
Transmit DMA Request
Receive Interrupt

Transmit Interrupt Lowest Priority

The four major levels of interrupt are encoded in
hardware to provide two bits of the interrupt vector
register, allowing the position of the block of pointer
vectors to be resolved to a block size of 8 bytes.

SCI DMA

Two DMA channels are associated with the SCI, for
transmit and for receive. These follow the register
scheme as described in the DMA section. It should
be noted that, after initializing the DMA counter and
pointer registers and enabling DMA, data trans-
mission is triggered by a character written into the
Transmit Holding register. The DMA End Of Block
Interrupts generated on completion of the DMA
transfer take the place of the normal transmit and
receive character interrupt vectors.

SCI Clock Generation

The communication bit frequency of the SCI trans-
mitter and receiver sections can be provided from

Ly $55;THOMSON

the integral Baud Rate Generator (allowing a maxi-
mum asynchronous bit rate of 350k Baud) or from
external sources (maximum bit rate 175k Baud).
This clock is divided by 16 for asynchronous mode
(CD, CCR.3, ="0"), ordivided by 1 for synchronous
modes (CD ="1").

External Clock Sources. The External Clock input
pin TXCLK may be programmed in Alternate func-
tion by bits TXCLK (CCR.7) and OCLK (CCR.6) to -
be: the transmit clock input (respecting the +16 and
+1 timing requirements), to act as the output of the
Baud Rate Generator (allowing an external divider
circuit to provide the receive clock for split rate
transmit and receive e.g. 1200/75 baud), or to be
CLKOUT, the clock output for the synchronous
mode. Receive clock input via RXCLK Alternate
function is enabled by the XRX bit CCR.5, this input
should be set according to the setting of the CD bit.

Baud Rate Generator. The integral Baud Rate
Generator is a 16 bit divide by n circuit of the
Internal Clock INTCLK. Thus INTCLK should be
chosen to provide a suitable frequency for division
by the Baud Rate Generator to give the required
transmit and receive bit rates. Suitable INTCLK
frequencies and the divider values for standard
Baud rates are shown in Table 19.

The act of writing to either of the two registers
comprising the 16 bit divider causes a reset of the
SCl, allowing initialization of the SCI settings before
the writing of the other Baud Rate Generator reg-
ister.

Self Test

Testing of the communications channel may be
performed using the facilities of the SCI. Auto Echo
mode (SCI SOUT disconnected, SIN pin internally
connected to SOUT pin) and Loopback mode (SCI
transmitter and receiver sections disconnected
from SOUT and SIN pins and directly connected
internally) may be used individually or together.

41/64
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SERIAL COMMUNICATION INTERFACE (Continued)
Table 19. SCI Baud Rate Generator Divider Values

INTCLK: 7680.000 KHz

Baud Rate |Clock Factor Desz‘e,j'z;’ req ivisor Actual Baud A°‘(‘|'3_',z':)’eq Deviation
Dec Hex

50.00 16 X 0.80000 9600 2580 50.00 0.80000( 0.0000%
75.00 16 X 1.20000 6400 1900 75.00 1.20000| 0.0000%
110.00 16 X 1.76000 4364 110C 109.99 1.75985| 0.0083%
300.00 16 X 4.80000 1600 0640 300.00 4.80000| 0.0000%
600.00 16X 9.60000 800 0320 600.00 9.60000( 0.0000%
1200.00 16 X 19.20000 400 0190 1200.00 19.20000{ 0.0000%
2400.00 16 X 38.40000 200 00C8 2400.00 38.40000{ 0.0000%
4800.00 16 X 76.80000 100 0064 4800.00 76.80000| 0.0000%
9600.00 16 X 153.60000 50 0032 9600.00 153.60000| 0.0000%
19200.00 16 X 307.20000 25 0019 19200.00| 307.20000( 0.0000%
38400.00 16 X 614.40000 13 000D  36923.08| 590.76923| 3.8462%
76800.00 16 X 1228.80060 6 0006 80000.00| 1280.00000( 4.1667%

INTCLK: 11059.20 KHz
Baud Rate |Clock Factor Desi(ll'(e':lzfreq Divisor Acttgaltzaud Act(l.ll(aFIIzF)req Deviation

) Dec Hex

50.00 16 X 0.80000 13824 3600 50.00 0.80000| 0.0000%
75.00 16 X 1.20000 9216 2400 75.00 1.20000{ 0.0000%
110.00 16 X 1.76000 6284 188C 109.99|  1.75990( 0.0058%
300.00 16 X 4.80000 2304 0900 300.00 4.80000( 0.0000%
600.00 16 X 9.60000 1152 0480 600.00 9.60000 0.0000%
1200.00 16X 19.20000 576 0240 1200.00 19.20000| 0.0000%
2400.00 16 X 38.40000 288 0120 2400.00 38.40000( 0.0000%
4800.00 16 X 76.80000 144 0090 4800.00 76.80000| 0.0000%
9600.00 16X 153.60000 72 0048 9600.00f 153.60000( 0.0000%
19200.00 16X 307.20000 36 0024 19200.00| 307.20000| 0.0000%
38400.00 16 X 614.40000 18 0012 38400.00( 614.40000| 0.0000%
76800.00 16 X 1228.80000 9 0009 76800.00| 1228.80000( 0.0000%
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SOFTWARE DESCRIPTION

Addressing Modes

The ST902X offers a wide variety of addressing
modes and combinations to facilitate full and rapid
access to the address spaces while reducing pro-
gram length. Register addressing (using the work-
ing register group mechanism or directly
addressed) can be used as 8 or 16 bit values for
data or indirect addressing into the memory spaces
or the Register File. The selection between Pro-
gram Memory and Data Memory is performed
through the DP bit in the FLAG Register, all sub-
sequent actions on the memory space will affect
the selected map only, apart from the memory map

Table 20. Addressing Mode

Addressing Mode Notation
Immediate Data #N  #NN
Register Direct Rir RR;mr
Register Indirect R ()
Register Indexed N(r)  N(mr)
Memory Direct NN
Memory Indirect (RR) (rr)
Memory Indirect with Post-Increment (rr)+
Memory Indirect with Pre-Decrement -(rr)

Memory Indexed with Immediate Short N(r)
Offset

Memory Indexed with Immediate Long

Offset NN(rr)

Memory Indexed with Register Offset re(rr)

Memory Indirect Post-Increment to

to memory map post-increment addressing mode
which allows the map to be specified as part of the
instruction for both destination and source oper-
ands. Apart from the immediate data and condition
codes all operands are expressed as register file
or memory addresses.

The available addressing modes, with the ST9
macro-assembler notation, are in Table 20.

Combinations of Available Addressing Modes .

Table 21 describes the addressing modes available’
for the register file and the memory (both as a
destination and as a source) for the two operand
arithmetic, logic or load instructions.

Table 21. Addressing Mode Permutation for
Instructions

Two Operand 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

Indirect Register Post-Increment m+ O+

Memory Map to Memory Map both with

Post-Increment m+ O+
. r.b,

Bit Address (mb

Legend:

N =8 bit Value

NN = 16 bit Value or Address

= Working Register

= Directly Addressed Register
) = Indirect Addressing
)+ = Indirect with Post-Increment
) = Indirect with Pre-Decrement

= Bit Number (0 to 7)

cA—~— D"
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SOFTWARE DESCRIPTION (Continued)

Table 21. Addressing Mode Permutation for

Instructions (Continued)

Table 21. Addressing Mode Permutation for

Instructions (Continued)

Two Operand Arithmetic, Logic & Load Instructions

Two Operand Load Instructions

Destination

Source

Destination

Source

Memory Indirect

Memory Indirect

Register Direct
Register Direct
Register Direct
Register Direct
Register Direct

Register Direct

Register Direct

Register Direct

Register Direct

Register Indirect
Register Indexed
Memory Indirect
Memory Indexed

Memory Indirect with
Post- Increment

Memory Indirect with
Pre- Decrement

Memory Direct

Two Operand Load Instructions @

Destination

Source

Register Indirect with
Post- Increment

Memory Indirect with
Post- Increment

Memory Indirect with
Post- Increment

Memory Indirect with
Post- Increment

Register Indirect with
Post- Increment

Memory Indirect with
Post- Increment

Register Indirect
Register Indexed
Memory Indirect
Memory Indexed

Memory Indirect with
Post- Increment

Memory Indirect with
Pre- Decrement

Memory Direct

Register Direct
Register Direct
Register Direct
Register Direct

Register Direct

Register Direct

Register Direct

Two Operand Arithmetic and Logic Instructions

Destination Source
Register Direct Immediate
Memory Direct Immediate
Memory Indirect Immediate

Two Operand Load Instructions

Notes:
1. Load Word only
2. Load Byte only

Instruction Set

The ST902X instruction set consists of 87 instruc-
tion types functionally divided into eight groups as
in Table 22, they are:

— 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 facilitates the full use
of the register file and address spaces, reducing
execution times, while the register pointers mech-
anism allows an unmatched code efficiency and
ultrafast context switching. A particularly notable
feature is the comprehensive "Any Bit, Any Regis-

ter" (ABAR) addressing capability of the Boolean
instructions.

Destination Source The ST902X can operate with & wide range of data
- - - lengths from single bit, 4-bit nibbles which can be
Register Direct Immediate in the form of Binary Coded Decimal (BCD) digits,
M Direct Immediat 8-bit bytes and 16-bit words. The summary on
emory Lirec mmediate Table 22 shows the instructions belonging to each
M Indirect : group and the number of operands required for
emory Indirec Immediate each. The source operand is "src", "dst" is the
Long Indexed Memory " | Immediate destination operand, and "cc" is the condition code
selection.
44/64
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SOFTWARE DESCRIPTION (Continued)

Table 22. Instruction Set Summary

Load Instructions (Two Operands)
Flags
Mnemonic Operand Instruction
c{z|SsS|V|D|H
LD dst, src Load - =-t=-1-1-1-
LDW dst, src Load Word -l =-1-1-1-1-
Arithmetic and Logic (Two Operands)
Mnemonic Operand Instruction Flags
Z|S|V|D|H
ADD dst, src Add A|lA|A|A]LO]|A
ADDW dst, src Add Word AlAalala]l?2}?
ADC dst, src Add with Carry AlA|lA]lA[O]A
ADCW dst, src Add Word with Carry N S - A
SuB dst, src Subtract AlA|[A]lA]|1 A
SUBW dst, src Subtract Word AlA|lAlA|?2]?
SBC dst, src Subtract with Carry AlA|l Al A1 A
SBCW dst, src Subtract Word with Carry AlAlA|AL? ?
AND dst, src Logical AND -lAlA]lO]|=-]|-
ANDW dst, src Logical Word AND - lA|lA|[O0]? ?
OR dst, src Logical OR -|lA|lA|O]| -]~
ORW dst, src Logical Word OR -]l A|lA|O]| -]~
XOR dst, src Logical Exclusive OR -|lAlAlO]| -]~
XORW dst, src Logical Word Exclusive OR S S I e
CP dst, src Compare AlAalAalaAal-|-
CPW dst, src Compare Word AlA|A|A} - |-
™ dst, src Test Under Mask -lAaflAa]lO0o]-|-
TMW dst, src Test Word Under Mask e A A O I
TCM dst, src Test Complement Under Mask -lAalAa]lO0]|-|-
TCMW dst, src Test Word Complement Under Mask -1 A|lA|O]| -] -
Legend :
0 =Bitsetto zero
1 = Bit set to one
A = Bit affected
? = Bit status undefined
— = Bit not affected
45/64
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SOFTWARE DESCRIPTION (Continued)

Table 22. Instruction Set Summary (Continued)

Arithmetic Logic and Shift (One Operand)
Flags
Mnemonic Operand Instruction

cC|(Z|S|V|D|H
INC dst Increment -|lAalAlAa] -1 -
INCW dst Increment Word -lAalAa|lA| -] -
DEC dst Decrement -lAlA|A]=-]-
DECW dst Decrement Word -lAalAajA]—-| -
SLA dst Shift Left Arithmetic AlAfA]O]O]A
SLAW dst Shift Word Left Arithmetic AlAlAa]jO0]|?2?
SRA dst Shift Right Arithmetic AlA|lAJAJO]A
SRAW dst Shift Word Right Arithmetic Al?2|A|0]|-]-
RRC dst Rotate Right through Carry AlA|lAlA] -] -
RRCW dst Rotate Word Right through Carry Al?2|lAa]A]-|-
RLC dst Rotate Left through Carry AlAalAala)-|-
RLCW dst Rotate Word Left through Carry Al?2lAaA]—-| -
ROR dst Rotate Right AlAlA|A|-|-
ROL dst Rotate Left AlAA[A]-|-
CLR dst Clear -1 -=-1-1-1-1-
CPL dst Complement Register -lAalaAajo0o]|-|-
SWAP dst Swap Nibbles ?lAafaAal?2| - -
DA dst Decimal Adjust AlA|LA]?2]-|-

Stack Instructions (One Operand)
Flags
Mnemonic Operand Instruction

cC|Z|S|V|D|H
PUSH src Push on System Stack - =-|=-=-1-1-
PUSHW src Push Word on System Stack -l = =-1=1=-1-
PEA src Push Effective Address on System Stack - =-(=-1-1-1-
POP dst Pop from System Stack -l =-l=-1=-1-1]-
POPW dst Pop Word from System Stack - - =-=-1-1-
PUSHU src Push on User Stack -f==-1=-1-1-
PUSHUW src Push Word on User Stack -l =-1=-1-1-1-
PEAU src Push Effective Address on User Stack -l=-1=-1-1-1-
POPU dst Pop from User Stack -l =-=-1-1-1-
POPUW dst Pop Word from User Stack -l =-1=-1=-1-1-

46/64 57 SGS-THOMSON
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SOFTWARE DESCRIPTION (Continued)

Table 22. Instruction Set Summary (Continued)

Multiply and Divide Instructions (Two Operands)
. Flags
Mnemonic Operand Instruction
c|Z|S|V|D|H
MUL dst, src Multiply 8x8 A|lA|A|A|]O|?
DIV dst. src Divide 16/8 1T]1alAal?2]1]2?
DIVWS ’ Divide Word Stepped 32/16 21?2?21 ?21?2]|?
Boolean Instructions (Two Operands)
. . Flags
Mnemonic Operand Instruction
cC|Z|{S|V|D|H
BLD dst, src Bit Load N I N S
BAND dst, src Bit AND -l=-1=-1-1-1-
BOR dst, src Bit OR -l =-f=-1=-1-1-
BXOR dst, src Bit Exclusive OR -l=-1=-1-1-1-
Boolean Instructions (One Operand)
) Flags
Mnemonic Operand Instruction
C({Z|S|V|D|H
BSET dst Bit Set JER [ R I D
BRES dst Bit Reset -l =-1-=-1-=-1-1-
BCPL dst Bit Complement -l =-l-=-l-1-1-
BTSET dst Bit Test and Set -lA|lA|lO0O]|~-]-
Program Control Instructions (Three Operands)
Flags
Mnemonic Operand Instruction
cC{Z|SsS|V|D|H
Compare and Jump on False, N U N N A
CRJFI dst, sre Otherwise Post Increment
Compare and Jump on True, I D O R A
CPJTI dst, src Otherwise Post Increment
47/64
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SOFTWARE DESCRIPTION (Continued)

Table 22. Instruction Set Summary (Continued)

Program Control Instructions (Two Operands)
. Flags
Mnemonic Operand Instruction
S|V
BTJF dst, src Bit Test and Jump if False - | -
BTJT dst, src Bit Test and Jump if True - | -
DINZ dst, src ?ggement a Working Register and Jump if Not | _
DWJNZ dst,src Decrement a Register Pair and Jump if Not Zero - | -
Program Control Instructions (One Operand)
Flags
Mnemonic Operand Instruction
S|V
JR cc, dst Jump Relative if Condition is Met - | -
JP cc, dst Jump if Condition is Met - | -
JP dst Unconditional Jump -1 -
CALL dst Unconditional Call -1 -
Program Control Instructions (No Operand)
Flags
Mnemonic Operand Instruction
S|V
RET Return from Subroutine - -
IRET Return from Interrupt Al A
Stop Program Execution and Wait Next Enabled In-
WFI terrupt. If a DMA request is present the CPU ex- _ | =
ecutes the DMA service routine and returns to WF|
state.
HALT Stop Program Execution until RESET -1 -
Miscellaneous (Two Operands)
Flags
Mnemonic Operand Instruction
S|V
XCH dst, src Exchange Registers - | -
48/64 N7 SGS-THOMSON
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SOFTWARE DESCRIPTION (Continued)

Table 22. Instruction Set Summary (Continued)

Miscellaneous (One Operand)
Mnemonic Operand Instruction Flags
c|Z{s|V|D|H
SRP src Set Register Pointer Long (16 Working Registers) -{=-1-1-1-1-
SRPO src Set Register Pointer 0 (8 LSB Working Registers) - =-=-1=-1-1-
SRP1 src Set Register Pointer 1 (8 MSB Working Registers) -{=-t1-1-1-1-
SPP src Set Page Pointer N R R P R
EXT src Sign Extend R I I R I
Miscellaneous (No Operand)
Mnemonic Operand Instruction Flags
cC|Z|s|V|D|H
El Enable Interrupts R U AU R I
DI Disable Interrupts === 1=1-=
SCF Set Carry Flag 1l=-=-1=-1-=1-=
RCF Reset Carry Flag ol-|--1-1-
CCF Complement Carry Flag Al--=-1-1]-1-
SPM Select Program Memory R N U R R
SDM Select Data Memory - =-=1=-1=-1-
NOP No Operation = =1=-1-1-

Processor Flags

An irhportant aspect of any single chip microcon-
troller is the ability to test data and make the
appropriate action based on the results. In order to
provide this facility, 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

IYI %&@%@@ma@@

D - Decimal Adjust
H - Half Carry

One of the two remaining bits in the flag register is
available to the user (bit 1, F1). Bit 0 is the Pro-
gram/Data Memory selector bit and is operated on
directly by the hardware within the ST902X. The
P/D pin will follow the status of this bit.

Condition Codes. Flags C, Z, S, and V control the
operation of the "conditional" Jump instructions.
Table 23 shows the condition codes and the flag
settings affecting the jump.

OMSON 49/64
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SOFTWARE DESCRIPTION (Continued)

Table 23. Condition Codes Summary

Mngg:’:nic Meaning Flag Setting
F Always False —
T Always True —
C Carry C=1
NC No Carry C=0
4 Zero Z=1
NZ No Zero Z=0
PL Plus S=0
Mi Minus S=1
ov Overflow V=1
NOV No Overflow V=0
EQ Equal Z=1
NE Not Equal Z=0
GE Greater Then or Equal (SxorV)=0
LT Less Than (SxorV)=1
GT Greater Than (Zor(SxorV))=0
LE Less Than or Equal (Zor(SxorV)) =1
UGE Unsigned Greater Than or Equal C=0
UL Unsigned Less Than C=1
UGT Unsigned Greater Than (C=0andZ=0)=1
ULE Unsigned Less Than or Equal (CorZ)=1

POWERFUL DEVELOPMENT ENVIRONMENT
ST9 Software Tools

The following Software Tools are available for MS-
DOS, SUN-3 and SUN-4 operating systems:

AST9  high-level macro assembler with predefi-
nited macro instructions (IF/ELSE,
WHILE, DO, LOOP, SWITCH, BREAK,
PROCEDURE, RESTURN).

LST9  Incremental Linker/Loader.

CST9  Optimised C-Compiler (ANSI STANDARD).

50/64
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ARST9 Library Archiver.

SIMST9 Software Simulator with realtime emula-
tion executor

ST902X Hardware Emulator. Realtime emulation
of the ST902X in all packaging options is performed
by a modular emulation system, interfaced to the
host computer through an RS232 channel, whit
powerful hardware breakpoints, on-line assem-
bler/disassembler, emulation and trace memory.
The emulator is fully supported by a simbolic on-
line debugger and help facility.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vop Supply Voltage -0.31t07.0 \
AVpp, AVss Analog Supply Voltage Vss <AVss< AVpp < Vpp \")
Vi Input Voltage Vss— 0.3 to Vpp +0.3 Vv
Vo Output Voltage Vss—0.3 to Vpp +0.3 \
Tsta Storage Temperature —55to0 + 150 °C

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

device reliability.

RECOMMENDED OPERATING CONDITIONS

o7 3TN0

Value
Symbol Parameter Unit
Min. Max.
Ta Operating Temperature —40 85 (oF
Voo Operating Supply Voltage 45 55 \
fosce External Oscillator F(equency 24 MHz
fosci Internal Oscillator Frequency 12 MHz
'DC ELECTRICAL CHARACTERISTICS
(Vop = 5V = 10% Ta = — 40 °C to + 85°C, unless otherwise specified)
y Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Vinck | Clock Input High Level External Clock 0.7 Vop Vpp + 0.3
Viek | Clock Input Low Level External Clock -03 0.3 Voo
TTL 2.0 Vop+03| V
Vi Input High Level
cMoS 0.7 Voo VDD+ |y
0.3
TTL -0.3 0.8 \
Vi Input Low Level
CMOS -0.3 03Vpp | V
Virs | Reset Input High Level 0.7 Voo Vpp+03| V
Vitrs | Reset Input Low Level -0.3 0.3 Voo Vv
Vuyrs | Reset Input Hysteresis 0.3 1.5 Vv
VoH Output High Level Push Pull, lload = - 0.8mA Voo —-0.8 Vv
VoL Output Low Level ﬁé’asg =Pli"1°gn?Ren Drain, 0.4 \")
51/64
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DC ELECTRICAL CHARACTERISTICS (continued)

- Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
lweu | Weak Pull-up Current Bidirectional Weak Pull-up, -80 | -200 | -420 | pA
VoL =0V
Active Pull-up Current, -80 —200 —420
IPU | for INTO and INT7 only Vi< 0.8V kA
ILkio 1/O Pin Input Leakage Input/Tri-State, 0V < Vin < Vbp -10 +10 pA
lkrs | Reset Pin Input Leakage 0V < Vin< Vop -30 +30 pA
; Alternate Function, _
likap | A/D Pin Input Leakage Open Drain, OV < Vix < Voo 3 +3 LA
Ikap | Active Pull-up Input Leakage [0V < Vin < 0.8V -10 +10 pA
lLkos OSCIN Pin Input Leakage 0V <Vin< Vop -10 +10 pA
24MHz, Note 1 32 70 mA
oo Run Mode Current
4MHz, Note 1 6 12 mA
| Run Mode Current 24MHz, Note 1 19 40 mA
DP2
Prescale by 2 4MHz, Note 1 4 8 | maA
24MHz, Note 1 9 18 mA
Iwri WFI Mode Current
4MHz, Note 1 25 5 mA
IHALT HALT Mode Current 24MHz, Note 1 100 pA

Note:
1. All VO 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. External interface not active (Internal Program Execution).

DC TEST CONDITIONS

2.4V
TTL INPUT
FORCING CONDITION
0.45V
0.8Vgp
CMOS INPUT
FORCING CONDITION
O.ZVDD
X ™" SOURCE CURRENT = -0.8mA
PUSH-PULL OUTPUT .
TEST CONDITION 08v
"0" SINK CURRENT = 1.5mA
30V ™" SOURCE CURRENT = 0
WEAK PUSH-PULL OUTPUT .
TEST CONDITION 0.8V
- "0" SINK CURRENT = 1.5mA
VA0O117
52/64
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AC ELECTRICAL CHARACTERISTICS

CLOCK TIMING TABLE
(Vop =5V £ 10%, Ta = —40°C to + 85°C, unless otherwise specified)
Value
N° Symbol Parameter Unit Note
Min. Max.
415 1
1 |Tec OSCIN Clock Period ns
83 ns 2
2 TrC, TfC OSCIN Rise and Fall Time 12 ns
. . 25 12 ns 1
3 TwCL, TwCH OSCIN Low and High Width
38 ns 2
Notes:
1. Clock divided by 2 internally (MODER.DIV2=1)
2.  Clock not divided by 2 internally (MODER.DIV2=0)
CLOCK TIMING
1
Vin=0.8Vpp
OSCIN
’ B VL =0.2Vpp
T e >
3 2
VADO116
57 SGS-THOMSON 59/
Y/ NICROELEGTRONIGS
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EXTERNAL BUS TIMING TABLE
(Vop =5V £10%, Ta=—-40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specmed)
Value (Note)
N° Symbol Parameter f Vi Unit
V! OSCII\é Divided OSCIN Not Divided | prin. | max. |
y 2 By 2
1 [TsA(ag)  |pddress Setup Time TpC (2P+1) 22 TWCH+PTpC —18 20 ns
2 [Thas (a)  [fddress Hold Timeafter AS o6 _q7 TWCL-13 25 ns
3 [TdAS (DR) |AS Tto 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 Floatto DS 0 0 0 ns
6 [TWDSR  |DS Low Pulse Width (read) |TpC (4P+2W+3) ~20 IY(SCH*TPC (@P+W+1) | 405 ns
7 [TwDSW DS Low Pulse Width (write) |TpC (2P+2W+2) —13 |TpC (P+W+1) —-13 70 ns
8 |TdDSR (DR) I(::esaﬁ)to Data Valid Delay TpC (4P+2W-3) 50 IévCH+TpC(2P+W+1) - 75 | ns
9 [ThDR (DS) |Datato DS T Hold Time (read) [0 0 0 ns
10 {TdDS (A) DS T to Address Active Delay [TpC —7 TwCL -3 35 ns
11 |TdDS (AS) |DS T to AS I Delay TpC -18 : TwCL 14 24 ns
12 [TsRW (as) |V Set-upTime before AS 7c (ap..1) 2 TWCH+PTpC —18 20 ns
DS T to R/W and Address
13 TADSR (RMW) |0t Valig Delay TpC -9 TwCL -5 33 ns
TdDW Write Data Valid to DS |
14 (DSW) Delay (write) TpC (2P+1) -32 TwCH+PTpC -28 10 ns
15 [ThDS (DW) ([";r‘i?e')""'d Time after DS T o0 g TwCL -5 33 ns
Address Valid to Data Valid TwCH+TpC (3P+W+2)
16 [TAADR)  [5gjavread) TpC (6P+2W+5) 68 | & 140 | ns
17 |TdAs (DS) |AS Tto DS | Delay TpC —18 TwCL-14 24 ns

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

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

Legend: TpC = OSCIN Period
P =Clock Prescaling Value TwCH = High Level OSCIN half period
W = Wait Cycles TwCL = Low Level OSCIN half period

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

Value (Note) Unit
N° | Symbol Parameter OSCIN Divided | OSCIN Not I
By 2 Divided By2 | Min-| Max.
1 |TdAS (WAIT) |AS T to WAIT { Delay 2(P+1)TpC 29 |(P+1)TpC —29 40 | ns
2 [TdAS (WAIT) |AS Tto WAIT T Minimum Delay [2(P+W-+1)TpC —4 (P+W+1)TpC—4 | 80 ns
3 [TdAS (WAIT) |AS 7 to WAIT T Maximum Delay §(9P+W+1)Tp0 = |(P+W+1)TpC —29 83W+40 | ns

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

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

54/64
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EXTERNAL BUS TIMING
| m | 2 | 3 |
CPUCLK J—l___| L _ I___,
R/W
12 13
P%R/T[-; A15-A8 X:
16
} 3
(oA A7-A0 D7-D0 IN :
L1 L2 9
AS \ 5
8 1 —
4 6
s {
(READ) . JI 0
PORTO L
Pty X wr-n0 07-00 OUT i
14 7 15
D_s -
(WRITE)
| | [
VAD0447
EXTERNAL WAIT TIMING
| m | 2 | ww ] 3 |
CPUCLK __I_L l_”—l I
= \ / 1/
3
s READ\ WRITE /
WAIT g WM i
| |
VAQO115
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C,
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)

Value (Note)
N° | Symbol Parameter OSCIN Divided | OSCIN Not Divided |y [ paay | U™
By 2 By 2 ) *
N —— [TpC+8 TwCL+12 50 ns
1 |TdBR (BACK) |BREQ ! to BUSACK |
TpC(6P+2W+7)+65 | TpC(8P+W+3)+TwCL+65 360 | ns
2 |TdBR(BACK) |BREQ T to BUSACKT |3TpC+60 TpC+TWCL+60 185 | ns
3 |TdBACK (BREL) |BUSACK Lo Bus 20 20 20 | ns
4 |TdBACK (BACT) E\}JeSACKTm Bus Ac- 20 " 20 | 20 | ns

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

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

BUS REQUEST/ACKNOWLEDGE TIMING

| | !
INTCLK ,_”_l I_ﬂ—l | I | | l l—
CPUCLK _/ \ / " " \_/_—

=111 S /////////1

BUSACK M »

MEMINT F

e

VAQO114

Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17.

56/64
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HANDSHAKE TIMING TABLE (Vpp =

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

5V + 10%, Ta =—40°C to +85°C, Cload = 50pF,

Value (Note)
N° | Symbol Parameter OSC"g;?izVidEd OSCIN héc;tzDivided Min. |Max. | Unit
Min. Max. Min. Max.

RDRDY, WRRDY Pulse 2TpC Tp

1 |TwRDY Width in One Line (wan) 18 (P+W+1)— 65 ns
Handshake 18

2 [TwsTB  |RDSTB. WRSTBPUSe o750, 10 TpC+12 95 ns
RDSTB, or WRSTB T (TpC-

3 |TdST (RDY) to RDRDY or WRRDY . TpC+45 I\:‘VSCL) 87 | ns
Port Data to RDRDY T (2P+2W+1) TwCH+(W+P

4 |TsPD (RDY) |get-up Time TpC —25 TpC —25 16 ns
Port Data to WRRDY | Set-

5 |TsPD (RDY) [up Time in One Line 43 43 43 ns
Handshake
Port Data to WRRDY { Hold

6 [ThPD (RDY) Time in One Line Handshake 0 0 0 ns

7 |TsPD (STB) gg{fu%a{fj‘n‘lg WRSTB T 10 10 10 ns

8 |ThPD (sTB) [Fort Data to WRSTB T 25 25 25 ns
RDSTBD T to Port Data

9 |TdSTB (PD) |Delay Time in Bidirectional 35 35 35 | ns
Handshake
RDSTB T to Port High-Z

10 (TPC’I_S'Z)B Delay Time in Bidirectional 25 25 25 | ns

Handshake

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of
zero and zero wait status.

Legend:

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

7

SGS-THOMSON
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HANDSHAKE TIMING
1
READY
4 3
STROBE
4
r—v
OUTPUT
HANDSHAKE >q
5 6

ONE LINE
INPUT ><] ><

HANDSHAKE
7 8
TWO LINES B
INPUT : >< ><
HANDSHAKE
9 10
BIDIRECTIONAL
HANDSHAKE
VA00113
58/64 (N7 SGS-THOMSON
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EXTERNAL INTERRUPT TIMING TABLE (Vpbp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF,
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified)

Value (Note)

N° | Symbol Parameter OSCIN OﬁC‘IN Unit

Divided | oo . |Min. [Max.

By 2 Min. iae

By 2 Min.

1 |TwLR Low Level Minimum Pulse Width in Rising Edge Mode | 2TpC+12 | TpC+12 | 95 ns
2 |TwHR [High Level Minimum Pulse Width in Rising Edge Mode | 2TpC+12 | TpC+12 | 95 ns
3 |TwHF  |High Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 | 95 ns
4 |TwLF Low Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 | 95 ns

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

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

and zero wait status.

EXTERNAL INTERRUPT TIMING

RISING EDGE DETECTION

FALLING EDGE DETECTION

N

VAQ00112

—

57 SGS-THOMSON

59/64

MICROELECTRONICS

73



$T9026,9027,9028

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

Value
N° Symbol Parameter Unit
Min. Max.
1 TwWDOL | WDOUT Low Pulse Width 620 ns
2 TWWDOH | WDOUT High Pulse Width 620 ns
3 TwWDIL WDIN Low Pulse Width 350 ns
4 TwWDIH | WDIN High Pulse Width 350 ns
WATCHDOG TIMING

1 v \
WoouT \
K A

WDIN

VA00110

60/64
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Odtput
Alternate Function set as Push-pull)

Value
N° Symbol Parameter . Unit
’ Min. Max.
1 TsDI Input Data Set-up Time 100 ns
2 "| ThDI (1) Input Data Hold Time 1/2 TpC+100 ns
3 Tdov SCK to Output Data Valid 100 ns
4 ThDO Output Data Hold Time -20 ns
5 TwSKL SCK Low Pulse Width 300 ns
6 TwSKH SCK High Pulse Width 300 ns
Note: 1. TpC is the Clock period.
SPI TIMING
I 5 |
— 5
SCK \
e 7
3 4

K X

VA00109

61/64
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PACKAGE MECHANICAL DATA

Figure 51. 40-Pin Plastic Dual In Line (B)

. mm inches
Dim.
ed Min | Typ [Max | Min | Typ | Max
F Al-1-|l-1-1-1-
A c al 0.63 0.025
{ I I ! | b 0.45 0.018
<
o ! = # b1 b1 [0.23 0.31 {0.009 0.012
b2 1.27 0.050
€
. cl-l-1-1=-1-1-<-
- e E D 5258 2,070
D. E (1520 16.68|0.598 0.656
40 K 21 e 2.54 0.100
- _ e3 48.26 1.900
ed | - | - | -1 -1-1-
1 20
F 1410 0.555
PoPa0
I 4.45 0.175
L 3.30 0.129
Figure 52. 48-Pin Plastic Dual In Line (B)
Dim. mm inches
Min | Typ [Max | Min | Typ | Max
e4 A - - - - - -
F al 0.63 0.024
—c b 0.45 0.017
b1 |0.23 0.31 {0.009 0.012
b2 1.27 0.050
62.74 2470
15.20 16.68|0.598 0.656
48 i 25 € 2.54 0.100
b e3 58.42 2.300
ed | - | -|-|-1-1-
1 24
o F 1410 0.555
| 445 0.175
L 3.30 0.129

62/64
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PACKAGE MECHANICAL DATA (Continued)
Figure 53. 44-Lead Plastic Leaded Chip Carrier (C)

Dim. |—mm _inch
Min | Typ [Max | Min | Typ | Max
A [17.40 17.650.685 0694
B [1651 16.65/0.650 0.655
A c c [356 3.70 [0.140 0145
B 1y
cl Al-l=-l=-J=-]-1-
MLT T M D [420 457 |0.165 0479
g , d1 [259 2.74 [0.101 0107
a3 i= S LELELL d2 0.68 0.026
- Al wad =
s = E [14.99 16.00]0.590 0,629
aKiE P« “"_‘l— e 1.27 0.050
S =0 | o= €3 12.70 0.500
T 2 - - ﬂﬁﬁﬁﬁ“ﬁﬂﬁ o4 1.08 |0_077
b e3 3l F 0.46 0.018
PLoceau Fi 0.71 0.027
P G 0101 [0.003
M 1.16 0045
M1 1.14 0.044
o1 157 [0.061
ORDERING INFORMATION
Sales Type Frequency Temperature Range Package
8T9026B1/XX 24MHz 0°Cto +70°C PDIP48
ST9027B1/XX 24MHz 0C to +70C PDIP40
ST9028C1/XX 24MHz 0C to +70C PLCC44
ST9026B6/XX 24MHz —40°C to + 85°C PDIP48
ST9027B6/XX 24MHz —40°C to + 85°C PDIP40
ST9028C6/XX 24MHz —40°C to + 85°C PLCC44
(37 SGS-THOMSON 63/64
Y/ MICROELECTRONICS

77



$T9026,9027,9028

$T9026,5T9027,ST9028 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 : Lo ]

Company Address : ~ [ e ]
L 1

Telephone : |

FAX: ]

Contact : | 1 Telephone (Direct) : [ ....................... |

Please confirm device required :

Device [ 1) Package [ ] (p) Temperature Range [ ] (t)
Special Marking [ ] (y/n) 11 characters for ST9026 I A I I A 0\
13 characters for ST9027 T Y A e ()
2x 11 charactersforST9028 [ | | | [ | [ | | | | T(N)
I I O O N R A )

Note
(d)1= ST9026 2 =8T9027, 3 = ST9028

(p) B = Dual In Line Plastic, C = Chip Carrier Plastic
(t)1=0 to+70°C, 6 =-4010 +85°C

(N) Available : ASCII 020h - 05Fh

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

ROMLESS OPTION (consult text)

YES [ 1 NO
If yes, identify required pin (Port.bit)
[ 1 P37 [ 1 P20
Code : - [ 1 EPROM (27128, 27256)
[ 1 HEXformat files on IBM-PC® compatible disk
filename: [..................... 1
Confirmation : [ 1 ~Code checked with EPROM device in application
Yearly Quantity forecast : [, ] k units
- for a period of : S, ] years
Preferred Production start dates : [ ] (YY/MM/DD)
Customer Signature : | ]
Date : ]
64/64
Ly7 53THOMSON
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ST90E26,E27,E28
ST90T26,T27,T28

16K EPROM HCMOS MCUs WITH RAM

= Single chip microcontroller with 16K bytes of
EPROM, 256 bytes of RAM and 256 bytes of
register file with 224 general purpose registers
available as RAM, accumulators or index poin-
ters.

8/16 bit CORE with full feature DMA controller, a
powerful interrupt handler and a Standard Serial
Peripheral Interface (SPI) handling S-bus, I°C-
bus, IM-bus.

Up to 7 external interrupts edge-selectable plus
1 non-maskable interrupt.

16 bit programmable Timer with 8 bit Prescaler,
able to be used as a Watchdog Timer for system
integrity. .

A 16 bit Multifunction Timer module, with an 8 bit
prescaler and 12 operating modes, allowing
simple use for complex waveform generation and
measurement, PWM functions and many other
system timing operations.

Full function Serial Communications Interface
with 110 to 375000 baud rate generator, asyn-
chronous and byte synchronous capability (fully
programmable format) and address/wake-up bit
option.

= On-chip DMA channels associated to the Multi-
function Timer and the Serial Communications
Interface.

= Up to five 8 bit I/0 ports with programmable i‘nput
thresholds and output characteristics. Alternative
functions allow the full use of all pins.

= Powerful software development tools, including
assembler, linker, C-compiler, archiver, software
and hardware emulators.

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

= 48-pin Window Dual in Line Ceramic Multilayer
package for ST90E26.

m 40-pin Window Dual in Line Ceramic Multilayer
package for ST90E27. .

= 44-lead Window Ceramic Leaded Chip Carrier
package for ST90E28.

= 48-pin Dualin Line Plastic package for ST90T26.
= 40-pin Dualin Line Plastic package for ST90T27.

m 44-lead Plastic Leaded Chip Carrier package for
ST90T28.

May 1991

PDIP40

PDIP48

(Ordering Information at the end of the datasheet)

CDIP48W

1/28
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Figure 1. ST90E26,T26 Pin Configuration

Figure 2. ST90E27,T27 Pin Configuration

GNOo O 48 [1 oscouT
oscN O 2 473 P5g
RESET/Vop 13 460 Psy GND- O1 40 3 oscouT
AB/P1o 4 450 P5y osciN [ 2 390 Psg
as/Pl; Os 440 pss RESET/Vpp [] 3 38 P5q
ato/P1, O6 430 sy AB/P1g 4 7P PSy
At/Pry 7 420 pss As/P1y s 361 P53
m2/P1, O8 410 psg At0/P1y O6 35[0 P3g/INT4/TOINA
m3/Pig O]9 40 Psy APz O7 34 [] P3,/INT5/TOOUTA
at4/Plg 10 3903 P3g/INT4/TONA A0/DO/POg 8 331 P35/INT6/TOINB
masp; O 38[1 P3y/INT5/T00UTA A1/D1/P04 C}9 32| P33/INT7/T00UT8
A0/00/POg ] 12STOOE2637 [T P3,/INTs/TONB A2/D2/P0, [110ST90E27 31{3 P3,/RXCLK/WDOUT
A1/D1 /R0, )13 36 P33/INT7/T00UTS A3/D3/P03 O 11 30 [0 P35/CLKOUT/TXCLK/WDIN
A2/02/P0, Cl14 35[0 P34/RXCLK/WDOUT A4/04/P0, 12 290 P3g/SIN
A3/03/P03 15 34 [J P35/CLKOUT/TXCLK/WDIN As/D5/POs []13 281 P37/50UT
Ac/Da/PO, C]16 3300 P3g/SIN A6/D6/P0g []14 27 [0 P2/RDSTB5/BUSACK /INT3
A5/05/P05 O 17 3201 P3g/souT A7/07/P07 O1s 26 [1 P2g/RDRDYS/BUSREQ
A6/06/P0g []18 31[0 P27/RDSTB5/BUSACK /INT3 P/D/NMI/P2o 16 251 P25/WRRDYS
A7/07/P05 C]19 301 P2g/RDRDYS/BUSREG WAIT/sDo/P2 ¢ [17 24 1 P24/WRSTB5/INT1
p/B/N/P2y O 20 290 P25/WRRDYS SCK/INT2/P2, []18 230 P23/SDI/INTO
WAT/spo/P2, O 21 28 [1 P24/WRSTB5/INT1 Vee Oj19 220 R/W
SCK/INT2/P2, 122 273 P23/SDI/INTO As 20 2111 0s
vee [ 23 26 (3 R/W
AS [ 24 253 DS
VROA1370 VROA1371
)
Figure 3. ST90E28,T28 Pin Configuration
—
o
N - ol 5
fzag&z 3
oS35 ung3o-am
- 00 aun yvnnnwn
<< <>0>0o0n0a0aa
6 5 4 3 2 1444342 4140
Al1/P13 Oz 393 P54
A12/P1, ds 381 P55
A13/PI O 9 370 P3g /TOINA/INT4
A0/00/PO, 10 36[1 P31 /TOOOUTA/INTS
A1/01/PO, O M 35[1P3; /TOINB/INTE
A2/D2/P0, C]12 ST90E28 34[1P33 /TOOUTB/INT?
A3/D3/P0 T]13 33[0 P34 /RXCLK/WDOUT
A4/D4/PO, D14 32[1 P35 /CLKOUT/TXCLK /WDIN
A5/D5/POg L[]15 310 P3g /SIN
A6/D6/P0g [C]16 3003 P37 /SOUT
A7/07/P0; 17,5 19 20 21 22 23 24 25 26 27 28 29| P27 /RDSTB5/BUSACK /INT3
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ST90E26,90E27,90E28 - ST90T26,90T27,90T28

Figure 4. ST90E2X Block Diagram
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GENERAL DESCRIPTION

The ST90E26, ST90E27 and ST90E28, ST90T26,
ST90T27 and ST90T28 (following mentioned as
ST90E2X) are EPROM members of the ST9 family
of microcontrollers, in windowed ceramic (E) and
plastic OTP (T) packages respectively, completely
developed and produced by SGS-THOMSON
Microelectronics using a proprietary n-well
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
devices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST9030 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

The EPROM ST90E2X may be used for the proto-
typing and pre-production phases of development,
and can be configured as: standalone microcon-
trollers with 16K bytes of on-chip ROM, microcon-
trollers able to manage up to 120K bytes of external
memory, or as parallel processing elements in a
system with other processors and peripheral con-
trollers.

A key point of the ST0E2X architecture is its
modular approach which allows software common-
ality with all other members of the ST9 family.

The nucleus of the modular design of the ST90E2X
is the advanced Core which includes the Central

IYI alzu@s

Processing Unit (CPU), the Register File, a 16 bit
Timer/Watchdog with 8 bit Prescaler, a Serial Pe-
ripheral Interface supporting S-bus, 1°C-bus and
IM-bus Interface, plus two 8 bit I/O ports. The Core
has independent memory and register buses allow-
ing a high degree of pipelining to add to the effi-
ciency of the code execution speed of the extensive
instruction set.

The powerful I/0O capabilities demanded by micro-
controller applications are fulfilled by the STO0E2X
with up to 40 |/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 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, external interrupts

. and serial or parallel I/O with or without handshake.

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

The 16 bit MultiFunction Timer, with an 8 bit Pres-
caler and 12 operating modes allows simple use
for complex waveform generation and measure-
ment, PWM functions and many other system tim-
ing functions by the usage of the two associated
DMA channels for each timer.

SON 3/23
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GENERAL DESCRIPTION (Continued)

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

PIN DESCRIPTION

AS. Address Strobe (oufput, active low, 3-state).
Address Strobe is pulsed low once at the beginning
of each memory cycle. The rising edge of AS
indicates that address, Read/Write (R/W), and
Data Memory signals are valid for program or data
memory transfers. Under program control, AS can
be placed in a high-impedance state anrlg_ 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 O 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 ST90E2X
accesses on-chip memory, DS is held high during
the whole memory cycle. It can be placed in a high
impedance state along with Port 0, Port 1, AS and
R/W.

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

4/23
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impedance state along with Port 0, Port 1, AS and
DS.

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

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
input of the oscillator inverter and internal clock
generator; OSCOUT is the output of the oscillator
inverter.

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

P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0-
P5.7. I/O Port Lines (Input/Output, TTL or CMOS
compatible). 8 lines grouped into I/O ports of 8 bits,
bit programmable under program control as
general purpose 1/O or as Alternate functions (see
next section).

I/0 Port Alternate Functions.

Each pin of the I/O ports of the ST90E2X may
assume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Due to Bonding options for the packages, some
functions may not be present, Table 1 shows the
Functions allocated to each I/O Port pins and a
summary of packages for which they are available.
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PIN DESCRIPTION (Continued)
Table 1. ST90E26X I/O Port Alternate Function Summary

Vo PORT Name ﬁ'ﬁ?g%?rn Alternate Function Pin Number
Port.bit 90E26 90E27 90E28

P0.0 A0/DO /[e} Address/Data bit 0 mux 12 8 10
PO.1 A1/D1 /10 Address/Data bit 1 mux 13 9 1
P0.2 A2/D2 110 Address/Data bit 2 mux 14 10 12
P0.3 A3/D3 110 Address/Data bit 3 mux 15 1 13
P0.4 A4/D4 l[e] Address/Data bit 4 mux 16 12 14
P0.5 A5/D5 /{e] Address/Data bit 5 mux 17 13 15
P0.6 A6/D6 /0 Address/Data bit 6 mux 18 14 16
P0.7 A7/D7 /10 Address/Data bit 7 mux 19 15 17
P1.0 A8 o Address bit 8 4 4 4
P1.1 A9 o Address bit 9 5 5 5
P1.2 A10 o Address bit 10 6 6 6
P1.3 Al (0] Address bit 11 7 7 7
P1.4 Al2 o Address bit 12 8 8
P1.5 A13 o Address bit 13 9 9
P1.6 A4 o Address bit 14 10

P1.7 A15 o Address bit 15 11

P2.0 NMI | Non-Maskable Interrupt 20 16 18
P2.0 PID o) Program/Data Space Se- 20 16 18
P2.1 SDI I SPI Serial Data Out 21 17 19
P2.1 WAIT | External Wait Input 21 17 19
P2.2 INT2 I External Interrupt 2 22 18 20
P2.2 SCK (o] SPI Serial Clock 22 18 20
P2.3 INTO | External Interrupt 0 27 23 25
P2.3 SDO (o) SPI Serial Data In 27 23 25
P2.4 INT1 | External Interrupt 1 28 24 26
P2.4 WRSTBS o lF-,Igndshake Write Strobe 28 24 26
P25 WRRDY5 ! Handshake Write Ready 29 25 27
P2.6 RDRDY5 0 Handshake Read Ready 30 26 28

L7 352 THONS0N =
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PIN DESCRIPTION (Continued)

Table 1. ST90E26X I/0 Port Alternate Function Summary (Continued)

Vo PORT Name ﬁh?gﬁ?l." Alternate Function Pin Number
Port.bit 90E26 90E27 90E28

P2.6 BUSREQ I External Bus Request 30 26 28
pP2.7 INT3 | External Interrupt 1 31 27 29
P27 RDSTBS | Egndshake Read Strobe 31 27 29
P2.7 BUSACK o E’é‘;;"a' Bus Acknow- 31 27 29
P3.0 INT4 | External Interrupt 4 39 35 37
P3.0 TOINA | MF Timer O Input A 39 35 37
P3.1 INTS | External Interrupt 5 38 34 36
P3.1 TOOUTA o MF Timer 0 Output A 38 34 36
P3.2 INT6 | External Interrupt 6 37 33 35
P3.2 TOINB | MF Timer O Input B 37 33 35
P3.3 INT7 | External Interrupt 7 36 32 34
P3.3 TOOUTB [¢] MF Timer 0 Output B 36 32 34
P3.4 RXCLK | SCI Receive Clock Input 35 31 33
P3.4 WDOUT (0] T/WD Output 35 31 33
P35 CLKOUT ) sft' Byte Sync Clock Out- 34 30 32
P3.5 TXCLK | SCI Transmit Clock Input 34 30 32
P3.5 WDIN | T/WD Input 34 30 32
P3.6 SIN | SCI Serial Input 33 29 31
P3.7 SOuUT (o] SCI Serial Output 32 28 32
P5.0 110 1/0 Handshake Port 5 47 39 43
P5.1 l{e] 1/0 Handshake Port 5 46 38 42
P5.2 /10 1/0 Handshake Port 5 45 37 41
P5.3 /0 1/0 Handshake Port 5 44 36 40
P5.4 //e] I/0 Handshake Port 5 43 39
P5.5 110 1/0 Handshake Port 5 42 38
P5.6 /[e} 1/0 Handshake Port 5 41

P5.7 110 1/0 Handshake Port 5 40

77 SES:THOMSON
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MEMORY

The memory of the ST90E2X 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 ST90E2X
16K bytes of on-chip ROM memory is selected at
memory addresses 0 through 3FFFh (hexadeci-
mal) in the PROGRAM space, while the ST90T2X
OTP version has the top 64 bytes of the program
space reserved by SGS-THOMSON for testing
purposes. The 256 bytes of on-chip RAM memory
is selected at memory addresses 0 through OFFh
in the DATA space.

Figure 5. Memory Spaces

External memory may be addressed using the
multiplexed address and data buses (Alternate
Functions of Ports 0 and 1). At addresses greater
than the first 16K of program space, the ST90E2X
executes external memory cycles for instruction
fetches. External Data Memory may be decoded
by using the P/D Alternate Function output. The
on-chip general purpose (GP) Registers may be
lﬁs:& as RAM memory in addition to the on-chip

EPROM PROGRAMMING

The 16384 bytes of EPROM memory of the
ST90E2X (16320 for the ST90T2X) may be pro-
grammed by using the EPROM Programming
Boards (EPB) available from SGS-THOMSON.

65535

65535

240

255 I |

16384

EPROM

256

RAM

0000 - 0000 0000
INTERNAL EXTERNAL REGISTER INTERNAL EXTERNAL
PROGRAM DATA
sPaCE SPACE VROD1404
7/23
J 77 SGS-THOMSON
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vob Supply Voltage -0.3t07.0 \
AVpp, AVss Analog Supply Voltage Vss < AVss< AVDD < VbD \
Vi Input Voltage Vss—0.3 to Vpp +0.3 \
Vo Output Voltage Vss—0.3 to Vop +0.3 \
Vep Input Voltage on Vpp Pin -0.3t013.5 v
Tsta Storage Temperature —551t0 + 150 °C

Note: Stresses above those listed as "absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only and
Luncuona{ agelzrahon of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect
evice reliability.

RECOMMENDED OPERATING CONDITIONS

Value .
Symbol Parameter Unit
Min. Max.
TA Operating Temperature -40 85 °C
Vop Operating Supply Voltage 45 55 \
fosce External Oscillator Frequency 24 MHz
fosci Internal Oscillator Frequency 12 MHz
DC ELECTRICAL CHARACTERISTICS
(Vbp =5V £ 10% Ta =—40 °C to + 85°C, unless otherwise specified)
. Value _.I
Symbol Parameter Test Conditions Jni
Min. Typ. Max.
ViHck | Clock Input High Level External Clock 0.7 Vbb Vop+0.3 |V
ViLek Clock Input Low Level External Clock -03 03Vop |V
ViH Input High Level TTL 2.0 Vob+03 |V
CMOS 0.7 Vob VDD +0.3 | V
ViL Input Low Level TTL -03 0.8 v
CMOS -03 03Vpp |V
ViHrs | Reset Input High Level 0.7 Voo Vop+03 | V
Vitks | Reset Input Low Level -0.3 03Vvop |V
VHYRs Reset Input Hysteresis 0.3 1.5 v
VoH | Output High Level Push Pull, lload = — 0.8mA Vbp-0.8 v
VoL Output Low Level Push Pull or Open Drain, v
lload = — 1.6mA 0.4
lwpu Weak Pull-up Current Bidirectional Weak Pull-up, pA
VoL =0V -80 —200 -420
823 N7 SGS-THOMSON
\ Y/ NCROELECTRONICS
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DC ELECTRICAL CHARACTERISTICS (continued)

. Value
Symbol Parameter Test Conditions Jnit]
Min. Typ.- Max.
lapu Active Pull-up Current, VIN < 0.8V - 80 —200 -420 pA
for INTO and INT7 only
ILkio 1/0 Pin Input Leakage Input/Tri-State, OV < ViN < VbD -10 +10 pA
ILKRS Reset Pin Input Leakage 0V < VIN < VDD -30 +30 pA
ILkAD A/D Pin Input Leakage Alternate Function, pA
Open Drain, 0V < Vin < Vbb -3 +3
lLkaP Active Pull-up Input Leakage 0V<ViN<0.8V -10 +10 pA
ILkos OSCIN Pin Input Leakage 0V < VIN < VbD -10 +10 pA
Iob Run Mode Current 24MHz, Note 1 32 70 mA
4MHz, Note 1 6 12 mA
Ipp2 Run Mode Current 24MHz, Note 1 19 40 mA
Prescale by 2
4MHz, Note 1 4 8 mA
lwr WFI Mode Current 24MHz, Note 1 9 18 mA
4MHz, Note 1 25 5 mA
Ihar | HALT Mode Current 24MHz, Note 1 100 HA
Ve | EPROM Programming Voltage 12.2 12.5 12.8 v
(23 EPROM Programming Current 30 mA

Note: 1. All /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. External interface not active (Internal Program Execution).

DC TEST CONDITIONS

TTL INPUT
FORCING CONDITION

CMOS INPUT
FORCING CONDITION

PUSH-PULL OUTPUT
TEST CONDITION

WEAK PUSH-PULL OUTPUT
TEST CONDITION

2.4V

0.45v

0.8vpp

0.2vpp

X
X

—Ti><: 1" SOURCE CURRENT = —0.8mA
08v “0" SINK CURRENT = 1.5mA

j><: R
08V "0" SINK CURRENT = 1.5mA

VAOQ117

‘ﬂ SGS-THOMSON
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AC ELECTRICAL CHARACTERISTICS

CLOCK TIMING TABLE
(Vop = 5V +10%, Ta = —40°C to + 85°C, unless otherwise specified)

Value
N° Symbol Parameter Unit Note
Min. Max.
1 TpC OSCIN Clock Period 415 ns
83 ns
TrC, TfC OSCIN Rise and Fall Time 12 ns
TwCL, TwCH OSCIN Low and High Width 25 12 ns
38 ns
Notes:
a. Clock divided by 2 internally (MODER.DIV2=1)
b. Clock not divided by 2 internally (MODER.DIV2=0)
CLOCK TIMING
1
ViH=0.8Vpp
OSCIN
Vi =0.2Vpp
VADO116
10723 57 SGS-THOMSON
Y/ MICROELEGTRONIGS
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EXTERNAL BUS TIMING TABLE (Vpp = 5V £ 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK =
12MHz, unless otherwise specified)

Value (Note)
N° | Symbol Parameter OSCIN Divided | OSCIN Not Divided | yrin lmax. |
By 2 By 2 ) :
1 |TsA(AS) Address Set-up Time TpC (2P+1) —22 TwCH+PTpC 18 20 ns
before AS T
2 |ThAS (A) Address Hold Time after AS T |TpC -17 TwCL -13 25 ns
3 [TdAS (DR) |ASTtoDataAvailable(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 Floatto DS ! 0 0 0 ns
6 == . TWCH4+TpC (2P+Wa1) —
TwDSR » DS Low Pulse Width (read) TpC (4P+2W43) 20 16 105 ns
7 |TwDSW DS Low Pulse Width (write)  [TpC (2P+2W+2) =13  |TpC (P+W+1)—13 70 ns
=5 : TWCH+TpC(2P+W++1)
TdDSR (DR) DS { to Data Valid Delay (read) oG (4P+2W-3)-50 |46 75 | ns
g [ThDR(DS) |Datato DS T Hold Time (read) |0 0 0 ns
10 |TdDS (A) DS T to Address Active Delay |TpC —7 TwCL -3 35 ns
11 |TdDS (AS) |DS T to AS ! Delay TpC-18 TwCL 14 24 ns
12 |TSRW(AS) | RAF Set.up Time before AS T |TPC (2P+1) —22 TwCH+PTpC 18 20 ns
13 [TdDSR (R/W) |DS 1 to R/W and Address Not [TpG -9 TwCL -5 33 ns
Valid Delay
14 |TdDW (DSW) YVri;te)Data Valid to DS { Delay [TpC (2P+1) —32 TwCH+PTpC —28 10 ns
write
15 |ThDS (DW) |Data Hold Time after DS T TpC -9 TwCL -5 33 ns
(write)
16 i y TWCH+TpC (3P+W+2) —
TdA (DR) ég?;ss(?e\;(ajl)ld to Data Valid TPC (6P+2W45)—68 |64 140 | 1S
17 |TdAs (DS)  |AS Tto DS ! Delay TpC-18 TwCL-14 24 ns

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock peried,
[I)_I"]escale value and number of wait cycles inserted. »

e value 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 Prescaling Value
W= Wait Cycles

TpC = OSCIN Period

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

174

SGS-THOMSON
MICROELECTRONICS
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EXTERNAL BUS TIMING

T2 |

3

CPUCLK
R/W
‘L.l 13
PORT! _
P/D A15-A8 X_
16
| 3
PORTO L L
(READ) A7-A0 D7-D0 IN i
1 2 9
AS 5
8 1 ——
4 6
]
(READ) . 0
PORTO >< A7-AO D7-DO OUT
(WRITE) |
14 7 15
b
(WRITE)
VADD447
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EXTERNAL WAIT TIMING TABLE (Vop = 5V + 10%, TA = —40°C to +85°C, Cload = 50pF, INTCLK =

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

Value (Note) Unit
N° | Symbol Parameter OSCIN Divided | OSCINNot | prin | maax
By 2 Divided By 2 . )
1 |TdAS (WAIT) |AS T to WAIT { Delay 2(P+1)TpC —29 (P+1)TpC —29 40 ns
2 |TdAS (WAIT) |AS Tto WAIT T Minimum Delay  |2(P+W+1)TpC—4 |(P+W+1)TpC—4 | 80 ns
TJAS (WAIT) |AS T to WAIT T Maximum Delay | 2(P+W+1)TpGC —29 | (P+W=+1)TpC —29 83W+40 | ns

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

| T | 12

CPUCLK I | |

WAIT

= T\

VA00115

o7

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

Value (Note)
N° Symbol Parameter OSCIN Divided | OSCIN Not Divided | yyin | max. | O™
By 2 By 2 . | Max.
— TpC+8 TwCL+12 '

1 |TdBR(BACK) |BREQltoBUSACKL |°— Wt S0 s

TPC(6P+2Wa7)+65 |TpC(3P+W+3)+TwCL+65 | . | 360 | ns
2 |TdBR (BACK) |BREQ T 10 BUSACKT  |3TpC+60 TPC+TWCL+60 185 | ns
3 |TdBACK (BREL) |BUSACK J to Bus Release 20 20 20 | ns
4 |TdBACK (BACT) [BUSACK T 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,
?_Lesca!e value and number of wait cycles inserted.

e 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.

BUS REQUEST/ACKNOWLEDGE TIMING

I I I
we L L L L LT

CPUCLK J \ [ ” ! \_/_
1111 R /111

BUSACK ' Y/
iy .|
— =3
N S— ]
MEMINT 1F

VADO114

Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17.

14/23
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ST90E26,90E27,90E28 -

ST90E26,90E27,90E28

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

Value (Note)
Ne° Symbo] Parameter OSCIN Divided OSCIN Not Divided Min. |Max. | Unit
By 2 By 2
Min. Max. Min. Max.

1 |TwRDY RDRDY, WRRDY Pulse 2TpC TgC 65 ns
Width in One Line Handshake [(P+W+1) —18 (P+W+1) -18

2 |TwSTB RDSTB, WRSTB Pulse Width [2TpC+12 TpC+12 95 ns

3 [TdST (RDY) [RDSTB, or WRSTB T TpC+45 (TpC-TwCL) 87 | ns
to RDRDY or WRRDY . +45

4 [TsPD (RDY)" |Port Data to RDRDY T (2P+2W+1) TwCH+(W+P) 16 ns
Set-up Time TpC -25 TpC -25

5 |TsPD (RDY) |Port Data to WRRDY { Set-up 43 43 43 ns
Time in One Line Handshake

6 |ThPD (RDY) |Port Data to WRRDY ! Hold 0 0 0 ns
Time in One Line Handshake

7 |TsPD (STB) |Port Datato WRSTB T 10 10 10 ns
Set-up Time

8 |ThPD (STB) |Port Data to WRSTB T 25 25 25 ns
Hold Time
RDSTBD T to Port Data Delay

9 [TdSTB (PD) |Time in Bidirectional Hand- 35 35 35 | ns
shake
RDSTB T to Port High-Z Delay

10 |TdSTB (PHZ) ThmE in Bidirectional Hand- 2 25 25 [ ns

shake

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

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

Legend:
P = Clock Prescaling Value (R235.4,3,.

2)
W = Programmable Wait Cycles (R252 2.1.0/5,4,3) + External Wait Cycles

o7

SGS-THOMSON
HMICROELECTRONIGS
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HANDSHAKE TIMING

READY

STROBE
OUTPUT
HANDSHAKE
5
—>
ONE LINE
INPUT ><
HANDSHAKE
7 8
TWO LINES
N X
HANDSHAKE
10
BIDIRECTIONAL
HANDSHAKE
VA00113
16/23
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EXTERNAL INTERRUPT TIMING TABLE (Vbp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK
=12MHz, Push-pull output configuration, unless otherwise specified)

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

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

e 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

n=0-7

RISING EDGE DETECTION

FALLING EDGE DETECTION

(I

—

VADO112

Lyy $55.THOMSON
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WATCHDOG TIMING TABLE (Vpbp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK =
12MHz, Output Alternate Function set as Push-pull)

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

WATCHDOG TIMING

WDOOUT

WDIN

N
N

VA00110

18/23
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ST90E26,90E27,90E28 - STI0E26,90E27,90E28

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

Value )
N° Symbol Parameter Unit
Min. Max.
1 TsDI Input Data Set-up Time 100 ns
2 ThDI (1) Input Data Hold Time 1/2 TpC+100 ns
3 Tdov SCK to Output Data Valid 100 ns
4 ThDO Output Data Hold Time -20 ns
5 TwSKL SCK Low Pulse Width 300 ns
6 TwSKH SCK High Pulse Width 300 ns
Note: 1. TpC is the Clock period.
SPI TIMING
1 6 |
5
SCK
T~ A
3 4
X '
A
1 2
X )
SsDI >< X
A
VAQ0109

‘7_1 SGS-THOMSON

MICROELECTRONICS
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ST90E26,90E27,90E28 - STI0E26,90E27,90E28

PACKAGES MECHANICAL DATA
Figure 51. 40-Pin Plastic Dual In Line (B)

Dim mm inches
et *| Min | Typ | Max | Min | Typ | Max
F Al-t-1-1-1-1-
c al 0.63 0.025
8 ) J| b 0.45 0.018
b1 [0.23 0.31]0.009]  [o.012
o = o) ——I—— Y 127 0.050
ol < - c — _ _ _ _ _
b2 b e D 52.58 2.070
e3 E E |15.20 16.68]0.598 0.656
o ’ e 2.54 0.100
D €3 48.26 1.900
40 ) 21 4| -1 -1-[=-1=-]=
K1 F 14,10 0.555
-P - | 4.45 0175
4 20 L 3.30 0.129
POIP40
Figure 52. 48-Pin Plastic Dual In Line (B)
Dim. mm inches
Min | Typ | Max [ Min | Typ | Max
e4 A — — — — — —
Z al 0.63 0.024
I b 045 0.017]
b1 |0.23 031]0.009) 0.012
| b1 b2 1.27 0.050)
c - - - - - -
D 62.74) 2.470
E [15.20 16.68(0.598 0.656
b e 254 0.100)
e3 58 42) 2.300)
48 1 25 e4 - - - - - -
b _ F 14.10 0.555
| 445 0.175]
! 24 L 3.30 0.129]
rores
20723 : N7 SGS-THOMSON
Y/ ICROELECTRONICS
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ST90E26,90E27,90E28 - STI0E26,90E27,90E28

PACKAGE MECHANICAL DATA (Continued)

Figure 53. 44-Lead Plastic Leaded Chip Carrier (C)

Dim. mm inches
Min | Typ | Max | Min | Typ | Max
A [17.40 17.65[0.685 0.694
A B_|1651 16.65/0.650 0.655
c C |356 3.70 [0.140 0.145
2 ] et al-|-1-1=-1-1]-=
M | Y D |420 4.57 |0.165 0.179
] ] | . di | 2.59 2.74 [0.101 0.107
A i s = mgg};g@gggg d2 0.68 0.026
< ol = sl =0 | D E [14.99 16.00{0.590 0.629
w1 %_ e 2 | 8. = 127 0.050
= = o | @’E e3 12.70 0.500
. N = R ed 1.98 0.077
d2 ] ¥ F 0.46 0.018
I e4| | o3 3w 071 0.027
PLecsa ] G 0.101 0.003
D M 1.16 0.045
M1 1.14 0.044
o1 1.57 0.061
Figure 54. 40-Lead WindowCeramic Dual in Line
Dim. mm inches
P Min | Typ [ Max | Min | Typ | Max
A 53.40] . 2102
o o B |1450 14.90/0.571 0.587
=F— = Nt | C [390 5.08 [0.154 0.200
D [3.40 0.134
Lt e Jos0 1.78 [0.020 0.070
N e3 48.26 1.900
F_|2.29 2.79 [0.090 0.110
A G_|0.40 0.55 [0.016 0.022
1 [1.27 1.52 |0.050 0.060
L [0.22 031 [0.009 0012
nooonnnon M [1.52 2.49 {0.060 0.098
40 21 N _ — _ — — —
of 1 - o N1 | 0° 10° ] 0° 10°
|/ P_|1540]  |15.80[0.606]  [0.622
1 I Q 5.71 0.225
ropion 2 |945 9.85 [0372 0.388
57 SGS-THOMSON 21rzs
Y/ MICROELECTRONIGS
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ST90E26,90E27,90E28 - ST90E26,90E27,90E28

PACKAGE MECHANICAL DATA (Continued)

Figure 55. 48-Lead Window Ceramic Dual In Line

. mm inches
Dim. Min | Typ | Max | Min | Typ | Max
A - - - - -
al 1.27 0.050
I__Ki_l 3 F a2 1.30 0.051
: - ; B 1.02 0.040
! 3 R S 045 0017
| - - b2 0.25 0.010
b! B e C 350 0.137
| &3 E D 61.59 2.424
E 5.24 0.600
D e 2.54 0.100
| €3 56.42 2.300
o) ; 55 F 15.34 0.604
N L 3.30 0.130
\—D - X K 13.46 0530
, ! " K1 13.46 0.530
: ] 7.62 0.300
CoPsgw
Figure 56. 44-Lead Window Ceramic Leaded Chip Carrier
Dim. mm inches
Min | Typ | Max | Min | Typ | Max
A |1727 17.78/0.670 0.700
Y M1 |, d2 [B [i633 16.81]0.643 0.662
= T‘— | ' ™ c 12.01 0.473
= Ug gﬁﬂ 7ty ‘ ] 130 0.051
T~ + s = o (?1 1.82 2.23 [0.071 0.088
- gw N - S S ) e el-1-t-1-1-1-
</ m] O - &t o E|l-l-1-1-1-1]-=
¢fl o o 3 127 0.050
S 8 ' @ - -1T-1-1-1-
-] 23 ! F 043 0.017
L @—@W—ggﬂE Al o1 [ 0.76 0.030
¢! di.7 S Rl -1-]-1-1-]-
M — — - - - -
B M| - -|-]-1-]-
A R 0.76 0.030
et 2] 7.62 0.300
2223 37 SGS-THOMSON
Y/ ICROELECTRONICS
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ST90E26,90E27,90E28 - ST90E26,90E27,90E28

ORDERING INFORMATION

Sales Type Frequency Temperature Range Package
ST90E26D6 24MHz —40°C to + 85°C CDIP48-W
ST90E27D6 24MHz 0°C to +85°C CDIP40-W
ST90T28L6 24MHz —40°C to + 85°C CLCC44-W
ST90E26D1 24MHz 0°Cto + 70°C CDIP48-W
ST90E27D1 24MHz 0°Cto +70°C CDIP40-W
ST90E28L1 24MHz 0°C to +70°C CLCC-W
ST90T26B6 24MHz —40°C to + 85°C PDIP48
ST90T27B6 24MHz —40°C to + 85°C PDIP40
ST90T28C6 24MHz —40°C to + 85°C PLCC44
ST90T26B1 24MHz 0°Cto +70°C PDIP48
ST90T27B1 24MHz 0°Cto +70°C PDIP40
ST90T28C1 24MHz 0°Cto +70°C PLCC44
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ST90R26

ROMLESS HCMOS MCU WITH RAM

AND A/D CONVERTER

= Single chip microcontroller with 256 bytes of
RAM and 256 bytes of Register File with 224
general purpose registers available as RAM, ac-
cumulators or index pointers.

= Romless to allow maximum external memory
flexibility in development and production phases.

= 8/16 bit CORE with full feature DMA controller, a
gowerful interrupt handler and a Standard Serial
eripheral Interface (SPI) handling S-BUS, I°C-
bus, IM-bus and Standard Serial Peripheral In-
terfaces.

= Up to 8 external interrupts edge-selectable plus
1 non-maskable interrupt.

= 16 bit programmable Timer with 8 bit Prescaler,
able to be used as a Watchdog Timer for system
integrity.

A 16 bit Multifunction Timer module, with an 8 bit
prescaler and 13 operating modes, allowing
simple use for complex waveform generation and
measurement, PWM functions and many other
system timing operations.

Full function Serial Communications Interface
with 110 to 375000 baud rate generator, asyn-
chronous and byte synchronous capability (fully
programmable format) and address/wake-up bit
option. )
On-chip DMA channels associated to the Multi-
function Timer and the Serial Communications
Interface.

= Up to four 8 bit I/O ports with programmable input
thresholds and output characteristics. Alternative
functions allow the full use of all pins.

Powerful software development tools, incfuding

assembler, linker, C-compiler, archiver, software

and hardware emulators.

= Compatible with ST9026, 16k ROM devices (also
available in windowed and One Time Programm-
able EPROM packages).

m 48-lead Plastic Dual in Line package for

ST90R26.

May 1991

ADVANCE DATA

PDIP48

(Ordering Information at the end of the datasheet)

Figure 1. ST90R26 Pin Configuration

GND O 48 [0 oscouT
OSCIN [ 2 473 P5p
RESET OO 3 46 [1 P54
A8/P1g [ 4 45 P55
A9/P1y O5 441 P53
Al0/P1, O6 43[] P54
Al/P13 O 7 42[] PS5
a2/, O8 413 P5g
m3/pPis Oo 401 Psy
A14/P1g 10 391 P3p/INT4/TOINA
A4/pP1; O ST90R2638 3 P34/INT5/TOOUTA
A0/DO [ 12 373 P32/INT6/TOINB
A1/01/PO¢ O13 36 [0 P33/INT7/TOOUTB
A2/D2/P0, 14 35[0 P34/RXCLK/WDOUT
A3/D3/PO3 []15 34 [J P35/CLKOUT/TXCLK /WDIN
A4/D4/PO, 16 330 P3g/SIN
A5/D5/P0s [J17 323 p3y/souT
A8/D6/POg []18 31[J P27/RDSTB5/BUSACK/INT3
A7/07 19 301 P2g/RDRDYS/BUSREQ
P/D/NMI/P2g O 20 290 P25/WRRDYS
WAIT/sDo/P2, O 21 28 {1 P24/WRSTB5/INTI
SCK/INT2/P2, [ 22 27 [1 P23/SDI/INTO
vee [0 23 26 [1 R/W
AS [24 25 BS
VROB1370
118

This is advance information from SGS-THOMSON. Details are subject to change without notice.
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ST90R26

GENERAL DESCRIPTION

The ST90R26 is a ROMLESS member of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectro-
nics using a proprietary n-well HCMOS process.

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

The ST90R26 is fully compatible with the ST9026
ROM version and this datasheet will thus provide
only information specific to the ROMLESS device.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST9026 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

The ROMLESS ST90R26 can be configured as a
microcontroller able to manage up to 128K bytes
of external memory, or as a parallel processing
element in a system with other processors and
peripheral controllers.

Akey point of the STO0R26 architecture is related
to its modular approach which allows software
commonality with all other members of the ST9
family.

The nucleus of the modular design of the STO0R26
is the advanced Core which includes the Central
Processing Unit (CPU), the Register File, a 16 bit
Timer/Watchdog with 8 bit Prescaler, 3 Serial Pe-
ripheral Interface supporting S-BUS, 1°C-bus and
IM-bus Interface, plus two 8 bit I/O ports. The Core

Figure 2. ST90R26 Block Diagram

has independent memory and register buses allow-
ing a high degree of pipelining to add to the effi-
ciency of the code execution speed of the extensive
instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST90R26
with up to 321/0 lines dedicated to digital Input/Out-
put. These lines are grouped into up to four 8 bit
I/O Ports and can be configured on a bit basis under
software control to provide timing and status sig-
nals, address lines, timer inputs and outputs,
analog inputs, external interrupts and serial or par-
allel I/O with or without handshake.

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

The 16 bit MultiFunction Timer, with an 8 bit Pres-
caler and 12 operating modes allow simple use for
complex waveform generation and measurement,
PWM functions and many other system timing
functions by the usage of the two associated DMA
channels.

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

16-BIT
TIMER
WITH DMA

256 BYTES
REGISTER FILE

256 BYTES 16-BIT

P P
SPU | rverywos | Y

|

EMORY_BUS

REGISTER BUS

! L iy

sci 1/0 1/0
WITH DMA PORT O PORT 1

1 L
1/0

1/0
PORT 2

1/0

PORT 3 PORT 5

N

VROB1373

2/18
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ST90R26

PIN DESCRIPTION

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

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 0 for each memory transfer. During a
write cycle, data out is valid at the leading edge of
DS. During aread cycle, Data In must be valid prior
to the trailing edge of DS. When the ST90R26
accesses on-chip Data memory, DS is held high
during the whole memory cycle. It can be placed in
a high impedance state along with Port 0, Port 1,
AS and R/W.

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

RESET. Reset (input, active low). The ST9 is in-
itialised by the Reset signal. With the deactivation
of RESET, program execution begins from the
Program memory location pointed to by the vector

contained in program memory locations 00h and
01h.

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
input of the oscillator inverter and internal clock
generator; OSCOUT is the output of the oscillator
inverter.

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

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

P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0-P5.7 //O
Port Lines (Input/Output, TTL or CMOS com-
patible). 32 lines grouped into /O ports of 8 bits, bit
programmable under program control as general
purpose I/O or as Alternate functions (see next
section).

1/0 Port Alternate Functions.

Each pin of the 1/0 ports of the ST90R26 may
assume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Figure 1.2 shows the Functions allocated to each
1/O Port pins.

3/18
Ly7 $5S.THOMSON
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ST90R26

PIN DESCRIPTION (Continued)

Table 1. ST90R26 I/O Port Alternate Function Summary

Vo PORT Name ':I",fl'/'g‘f,‘?r" Alternate Function Pin Number
Port.bit
P0.0 A0/DO /[e] Address/Data bit 0 mux 12
PO.1 A1/D1 /10 Address/Data bit 1 mux 13
P0.2 A2/D2 /0 Address/Data bit 2 mux 14
P0.3 A3/D3 /[e] Address/Data bit 3 mux 15
P0.4 A4/D4 /0] Address/Data bit 4 mux 16
P0.5 A5/D5 /10 Address/Data bit 5 mux 17
P0.6 A6/D6 /10 Address/Data bit 6 mux 18
P0.7 A7/D7 /10 Address/Data bit 7 mux 19
P1.0 A8 o} Address bit 8 4.
P1.1 A9 o Address bit 9 5
P1.2 A10 (0] Address bit 10 6
P1.3 At1 (o) Address bit 11 7
P1.4 A12 el Address bit 12 8
P1.5 A13 (0] Address bit 13 9
P1.6 Al4 (0] Address bit 14 10
P1.7 A15 (0] Address bit 15 11
P2.0 NMI | Non-Maskable Interrupt 20
P2.0 P/D (0] Program/Data Space Select 20
P2.1 SDI | SPI Serial Data Out 21
P2.1 WAIT | External Wait Input 21
P2.2 INT2 I External Interrupt 2 22
P2.2 SCK 0] SPI Serial Clock 22
P2.3 INTO | External Interrupt 0 27
P2.3 SDO (o) SPI Serial Data In 27
P2.4 INT1 | External Interrupt 1 28
P2.4 WRSTB5 o Handshake Write Strobe P5 28
P25 WRRDY5 | Handshake Write Ready P5 29
P2.6 RDRDY5 (o] Handshake Read Ready P5 30
P2.6 BUSREQ | External Bus Request 30
P2.7 INT3 | External Interrupt 1 31
57 S5 mHomsoN
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ST90R26

PIN DESCRIPTION (Continued)

Table 1. ST90R26 /O Port Alternate Function Summary (Continued)

o7 SN

VO PORT Name Fllr{lr/]gllj?l'n Alternate Function Pin Number
Port.bit
P27 RDSTB5 I Handshake Read Strobe P5 31
P2.7 BUSACK 0 External Bus Acknowledge 31
P3.0 INT4 | External Interrupt 4 39
P3.0 TOINA | MF Timer O Input A 39
P3.1 INTS | External Interrupt 5 38
P3.1 TOOUTA (0] MF Timer 0 Output A 38
P3.2 INT6 | External Interrupt 6 37
P3.2 TOINB | MF Timer O Input B 37
P3.3 INT7 | External Interrupt 7 36
P3.3 TOOUTB o MF Timer 0 Output B 36
P3.4 RXCLK | SCI Receive Clock Input 35
P3.4 WDOUT o] T/WD Output 35
P3.5 CLKOUT o SCI Byte Sync Clock Output 34
P3.5 TXCLK | SCI Transmit Clock Input 34
P3.5 WDIN | T/WD Input 34
P3.6 SIN I SCI Serial Input 33
P3.7 SOuUT (e} SCI Serial Output 32
P5.0 1’10 1/O Handshake Port 5 47
P5.1 /10 1/0 Handshake Port 5 46
P5.2 [/[e] 1/0 Handshake Port 5 45
P5.3 /0 1/0 Handshake Port 5 44
P5.4 1o /O Handshake Port 5 43
P5.5 0 1/0 Handshake Port 5 42
P5.6 /o] 1/0 Handshake Port 5 41
P5.7 110 1/0 Handshake Port 5 40
5/18
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ST90R26

MEMORY

The memory of the ST90R26 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
- ST90R26 addresses all program memory in the
external PROGRAM space. The 256 bytes of on-

MEMORY (Continued)

Figure 3. Memory Spaces

chip RAM memory is selected at memory ad-
dresses 0 through OFFh in the DATA space.

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

65535

65535

240

255 |

0000 0000

256
0000

RAM

INTERNAL

PROGRAM
SPACE

EXTERNAL

REGISTER

INTERNAL EXTERNAL
DATA

SPACE VROA1404

6/18
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ST90R26

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vop Supply Voltage -0.3t07.0 \
AVpp, AVss Analog Supply Voltage Vss <AVss< AVpp < Vpp \
Vi Input Voltage Vss—0.3 to Vpp +0.3 \"
Vo Output Voltage Vss—0.3 to Vpp +0.3 \"
Tsta Storage Temperature —-5510 + 150 °C

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

RECOMMENDED OPERATING CONDITIONS

Value
Symbol Parameter Unit
Min. Max.
TA Operating Temperature —-40 85 °C
Vop Operating Supply Voltage 4.5 5.5 Vv
fosce External Oscillator Frequency 24 MHz
fosci Internal Oscillator Frequency 12 MHz
7/
DC ELECTRICAL CHARACTERISTICS
(Vop = 5V +10% Ta = — 40 °C to + 85°C, unless otherwise specified)
- Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
ViHck Clock Input High Level External Clock 0.7 Vop Vpp + 0.3
Vieck | Clock Input Low Level External Clock -0.3 0.3 Vop
TTL 2.0 Vop+03]| V
Vi Input High Level
cMOS 0.7 Voo VBB 1y
TTL -0.3 0.8 \"
Vi Input Low Level
CMOS -0.3 03Vop | V
VIHRs Reset Input High Level 0.7 Vop Vop+03| V
Vitrs | Reset Input Low Level -0.3 0.3 Vop \
Vuyrs | Reset Input Hysteresis 0.3 1.5 Vv
VoH Output High Level Push Pull, lload = — 0.8mA Vpp-0.8 \
VoL Output Low Level ﬁgasg _fg"fén? pen Drain, 0.4 )
(57 SGS-THOMSON ns
ST
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ST90R26

DC ELECTRICAL CHARACTERISTICS (continued)

. Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
lwpu | Weak Pull-up Current \B/':L'rjcg'\? nal Weak Pull-up, —-80 —200 —-420 pA
Active Pull-up Current, -80 —200 —-420
IPU | for INTO and INT7 only Vin < 0.8V WA
Ikio 1/0 Pin Input Leakage Input/Tri-State, OV < Vin < Vbp -10 +10 pA
lLkRs Reset Pin Input Leakage 0V < Vin< Vop -30 +30 HA
; Alternate Function,
likap | A/D Pin Input Leakage Open Drain, OV < Vin < Voo -3 +3 A
ILkap Active Pull-up Input Leakage |0V <Vin< 0.8V -10 +10 pA
llkos | OSCIN Pin Input Leakage 0V < Vin < VD -10 +10 pA
24MHz, Note 1 32 70 mA
Iop Run Mode Current

4MHz, Note 1 6 12 mA

lor Run M?d% Current 24MHz, Note 1 19 40 mA
Prescale by 2 4MHz, Note 1 4 8 | maA

24MHz, Note 1 9 18 mA

Iwri WFI Mode Current

4MHz, Note 1 25 5 mA

Inacr | HALT Mode Current 24MHz, Note 1 . 100 pA

Note:

1. All VO 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. External interface not active (Internal Program Execution).

DC TEST CONDITIONS

2.4v
TTL INPUT
FORCING CONDITION
0.45v
0.8vpp
CMOS INPUT
FORCING CONDITION
0.2Vpp
Sov "1" SOURCE CURRENT = —0.8mA
PUSH-PULL OUTPUT .
TEST CONDITION 0.8V
. "0" SINK CURRENT = 1.5mA
3oV "1" SOURCE CURRENT = 0
WEAK PUSH-PULL OUTPUT "
TEST CONDITION 0.8V
- "0" SINK CURRENT = 1.5mA
VA0Q117
8/18
r’l SGS-THOMSON
MICROELECTRONICS
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ST90R26

AC ELECTRICAL CHARACTERISTICS

CLOCK TIMING TABLE
(Vop = 5V £ 10%, Ta= —40°C to + 85°C, unless otherwise specified)
Value
Ne Symbol Parameter Unit Note
Min. Max.
X 41.5 ns 1
1 TpC OSCIN Clock Period
83 ns 2
2 TrC, TfC OSCIN Rise and Fall Time 12 ns
25 12 ns 1
3 TwCL, TWCH OSCIN Low and High Width
38 ns 2
Notes:
1. Clock divided by 2 internally (MODER.DIV2=1)
2. Clock not divided by 2 internally (MODER.DIV2=0)
CLOCK TIMING
1
Vi =0.8V pp
OSCIN
? ~ Vi =0.2Vpp
- > — -
3 2 3
VAQ0116
9/18

Ly7 555 THOMSON
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ST90R26

EXTERNAL BUS

TIMING TABLE

(Vob =5V £10%, Ta=—40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified)

Value (Note)
N° | Symbol Parameter OSCIN Divided OSCIN Not Divided Unit
By 2 By 2 Min. | Max.
1 [TsA(as)  [hddress Set-up Time TpC (2P+1) 22 TWCH-+PTpC —18 20 ns
2 [ThAS (A) Address Hold Time after AST |TpC —17 TwCL—-13 25 ns
3 |TdAS (DR) |AS Tto 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 Floatto DS | 0 ’ 0 0 ns
6 [TWDSR  |DS Low Pulse Width (read) [TpG (4P+2Ws3) 20 |TWOH+TPC (BP+WH) | 405 ns
7 |TwDSW DS Low Pulse Width (write) |TpC (2P+2W+2) —13 |TpC (P+W+1) —13 70 ns
8 |TdDSR (DR) I(?';Saﬁ)to Data Valid Delay TpC (4P+2W-3) -50 IgCH+TpC(2P+W+1) - 75 | ne
9 |ThDR (DS) |Datato DS T Hold Time (read) |0 0 0 ns
10 [TdDS (A) DS T to Address Active Delay [TpC —7 TwCL -3 35 ns
11 |TdDS (AS) |DS Tto AS | Delay TpC —18 TwCL-14 24 ns
12 |TsR/W (AS) |R/W Set-up Time before AST |TpC (2P+1) 22 TwCH+PTpC -18 20 ns
DS T to R/W and Address
13 |TdDSR (R/W) Not Valid Delay ‘ TpC -9 TwCL -5 33 ns
TdDW Write Data Valid to DS |
14 | Dsw) Delay (write) TpC (2P+1) —32 TWCH+PTpC —28 10 ns
15 [ThDS (DW) &ar‘ife')'b'd Time after DS T |10 g TwCL -5 33 ns
Address Valid to Data Valid o [TWCH+TpC (3P+W+2)
16 [TAA(DR)  |nglay (read) TpC (6P+2W+5) 68 | gy 140 | ns
17 |TdAs (DS) |AS Tto DS ! Delay TpC —18 TwCL -14 24 ns

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of
zero and zero wait status.

Legend:
P
W  =Wait Cycles

= Clock Prescaling Value

TpC
TwCH = High
TwCL = Low

= OSCIN Period

Level OSCIN half period
Level OSCIN half period

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

Value (Note) Unit
N° | Symbol Parameter OSCIN Divided | OSCIN Not .
By 2 Divided By2 |Min-| Max.
1 |TdAS (WAIT) |AS T to WATT | Delay 2(P+1)TpC 29 |(P+1)TpC —29 40 | ns
2 |TdAS (WAIT) [AS T to WAIT T Minimum Delay  [2(P+W+1)TpC —4 [(P+W+1)TpC -4 | 80 ns
3 [TdAS (WAIT) (RS Tto WATT T Maximum Delay |30 W+ TPC = | (p,w.1)TpC -2 83W+40 | ns

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

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero
and zero wait status.
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ST90R26

EXTERNAL BUS TIMING

CPUCLK — I l . I l l
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PORT! r
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PORTO - B
(READ) A7-A0 D7-D0 IN
1 2 9 T
p—
AS 5
8 n —
4 6
03
(READ) 17 10
PORTO ~
(WRITE) X A7-AO D07-D0 OUT |
14 7 15
DS
(WRITE)
VAD0447
EXTERNAL WAIT TIMING
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ST90R26

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

Value (Note)
N° | Symbol Parameter OSCIN Divided | OSCIN NotDivided | yrin | mag | o
By 2 By 2 . *

TpC+8 TwCL+12 50 ns
1 |TdBR (BACK) |BREG Y to BUSACRL |2

TpC(6P+2W+7)+65 | TpC(3P+W+3)+TwCL+65 360 | ns
2 [TdBR (BACK) |BREQTtoBUSACK T [3TpC+60 TpC+TWCL+60 185 | ns
3 |TdBACK (BREL) gﬁggaﬂfemw Bus 20 20 20 | ns
4 |TdBACK (BACT) E‘gm Tto Bus Ac- 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,
rescale value and number of wait cycles inserted.
ghe 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.

BUS REQUEST/ACKNOWLEDGE TIMING

INTCLK
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CPUCLK
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|
—
-/

[

BUSACK

Ty
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\ [~
s

ol e 4

MEMINT

_—
S ——

1

2

-//

VAQO114

Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17.
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ST90R26

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

Value (Note)
N° | Symbol Parameter OSC'geiz"ided OSCIN l\é;t2Divided Min. | Max.| Unit
Min. Max. Min. Max.

RDRDY, WRRDY Pulse 5ToC Tp

1 [TwRDY Width in One Line P pW 1)-18 (P+W+1) - 65 ns
Handshake i 18

2 [wste  [RDSTBWRSTBPUSse  lorpc,1a TpC+12 95 ns
RDSTB, or WRSTB T (TpC-

3 |TdST (RDY) to RDRDY or WRRDY | TpC+45 I\:‘.VSCL) 87 | ns
Port Data to RDRDY T (2P+2W+1) TwCH+(W+P)

4 |TsPD (RDY) Set-up Time TpC —25 TpC -25 16 ns
Port Data to WRRDY | Set-

5 [TsPD (RDY) |up Time in One Line 43 43 43 ns
Handshake
Port Data to WRRDY { Hold

6 |ThPD (RDY) Time in One Line Handshake 0 0 0 ns

7 |TsPD (STB) gg{fu%a.‘nanﬁg WRSTB T 10 10 10 ns

8 |ThPD (sTB) [Fort Data to WRSTB T 25 25 25 ns
RDSTBD T to Port Data

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

TdSTB RDSTB 7 to Port High-Z
10 (PHZ) Delay Time in Bidirectional 25 25 25 | ns

Handshake

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of
zero and zero wait status.

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

‘7_1' SGS-THO
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ST90R26

HANDSHAKE TIMING
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ST90R26

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

Value (Note)
N°e | Symbol Parameter OSCIN OﬁCtIN Unit
Divided | pideg |Min. |Max.
By 2 Min. A
By 2 Min.
1 |TwLR Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 | TpC+12 | 95 ns
2 |TwHR [High Level Minimum Pulse Width in Rising Edge Mode | 2TpC+12 | TpC+12 | 95 ns
3 |TwHF High Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 | 95 ns
4 |TwLF Low Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 | 95 ns

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period,
prescale value and number of wait cycles inserted.
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero

and zero wait status.

EXTERNAL INTERRUPT TIMING

RISING EDGE DETECTION

FALLING EDGE DETECTION

]

—

n=0-7
VADO112
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'ST90R26

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

Value
Ne Symbol Parameter Unit
Min. Max.
1 TwWDOL | WDOUT Low Pulse Width 620 ns
2 TwWDOH | WDOUT High Pulse Width 620 ns
3 TwWDIL WDIN Low Pulse Width 350 ns
4 - TWWDIH | WDIN High Pulse Width 350 ns
WATCHDOG TIMING

WDOouT

WDIN

R

N

VA00110
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ST90R26

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

Value
Ne Symbol Parameter Unit
Min. Max.
1 TsDI Input Data Set-up Time 100 ns
2 ThDI (1) Input Data Hold Time 1/2 TpC+100 ns
3 Tdov SCK to Output Data Valid 100 ns
4 ThDO Output Data Hold Time -20 . ns
5 TwSKL SCK Low Pulse Width 300 ns
6 TwSKH SCK High Pulse Width 300 ns
Note: 1. TpC is the Clock period.
SPI TIMING
. 6
5 \
SCK
K y,
3 4

{ ><
) X

VA00109
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ST90R26

PACKAGE MECHANICAL DATA
Figure 57. 48 Lead Plastic DIP

mm inches
Dim.
Min | Typ [ Max | Min | Typ | Max
A - — - — - —
4 al 0.63 0.024
£ b 045 0.017)
b1 |0.23 0.31 ]0.009 0.012
b2 1.27 0.050
Cl-|1-1l-1-1-1-
D 62.74 2.470
E [15.20 16.68(0.598 0.656
’ e 254 0.100
e3 58.42 2.300
8 25 ed | - - - - | - -
X _ — F 14.10 0.555
1 4.45 0.175
1 24
L 3.30 0.129
ORDERING INFORMATION
Sales Type Frequehcy Temperature Range Package
ST90R26B6 24MHz -40°C to +85°C PDIP48
ST90R26B1 24MHz 0°Cto +70°C PDIP48
1erts N7 SGS-THOMSON
Y/ ICROELEGTRONICS
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(ST B

ST9030-ST9031

8K ROM HCMOS MCUs WITH A/D CONVERTER

= Single chip microcontroller, 8K bytes of ROM and
256 bytes of register file with 224 general pur-
pose registers available as RAM, accumulator or
index pointers.

= 8/16 bit CORE with full feature DMA controller
and powerful interrupt handler and a standard
Serial Peripheral Interface (SPI) handling
S-BUS/I*C Bus and IM BUS.

Up to 8 external interrupts edge selectable plus
1 non-maskable interrupt.

= 16 bit programmable Timer with 8 bit Prescaler,
able to be used as a Timer/Watchdog for system
integrity.

Two 16 bit Multifunction Timer modules, each
with an 8 bit Prescaler and 13 operating modes,
allowing simple use for complex waveform
generation and measurement, PWM functions
and many other system timing operations.

8 channel Analog to Digital Converter, with inte-
gral sample and hold, fast 11us conversion time
and 8 bit = 1/2 LSB resolution with Analog Watch-
dog on two channels.

Full function Serial Communication Interface with
110 to 375000 baud rate generator, asynchron-
ous and byte synchronous capability (fully pro-
grammable format) and address/wake-up bit
option.

= On-chip DMA channels associated with the Multi-
function Timers and the Serial Communication
Interface.

Up to seven 8 bit I/O ports with programmable
input thresholds and output characteristics. Alter-
native functions allow the full use of all pins.

Powerful software development tools, including
assembler, linker, C-compiler, archiver, software
and hardware emulators.

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

m 68-lead Plastic Leaded Chip Carrier package for
ST9030.

u 48-pin Dual in Line Plastic package for ST9031

May 1991

PDIP48

PLCC68

(Ordering Information at the end of the datasheet)

Figure 1. ST9031 Pin Configuration

oscout 1/ 48 fipsa
Vss ff 2 47 [I P55
OSCIN ] 3 46 [ P56
RESET [ 4 45 ] PS7
TI0UTB/P37 ] 5 44 [1 P44 /AINA
TINB/P36 ] 6 43 [l AVsg
TIOUTA/P35 ] 7 42 [ AVpp
TUNA/P34 [} 8 41 [I P47 /AIN7
TOOUTB/P33 [ 8 40 [ P46 /AING
TOINB/P32 [] 10 39 [ P45/AINS
TOOUTA/P3IE 1 38 I P43/AIN3
P/D/TOINA/P30 1} 12 37 [l P42/AIN2
P17 13 ST%9% 36 fi p27/RROYS
A0/DO/POO [ 14 35 [ P26/INT3/RSTB5/P /D
A1/D1/PO1 ] 15 34 [I P24/INT1/WRSTB5
A2/02/P02 [ 16 33 I P23/SDO
A3/D3/P03 [} 17 32 1 P22/INT2/SCK
A4/D4/PO4 1] 18 31 Q1 P21/sDI/P/D
A5/D5/PO5 [ 19 30 I P20/NMI
A6/D6/P06 [) 20 29 I P70/SIN
A7/D7/PO7 [ 21 28 I P71/SOUT
Vpp [ 22 27 [} P72/INT4/TXCLK /CLKOUT
AS T 23 26 [I P73/INT5/RXCLK /ADTRG
DS [ 24 25 I R/W

VAQ0484

1/66

121



ST9030 - ST9031

Figure 2. ST9030 Pin Configuration

g
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A13/P15 [ 18 ST9030 s2 [1 P40/AINO
A12/P14 ] 19 s1 1 P27 /RRDYS
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A0/PI12 0 20 43 1 P25/WRRDY5
Ag/P11 (] 22 48 [1 P24 /INT1 /WRSTBS
AB/P10 [] 23 +7 1 P23/5D0 ‘
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Figure 3. ST903X Block Diagram
A, 2x16-BIT T -
/0 eR scl 256 BYTES 8K BYTES - 16-BIT cPu
CONVERTER WITH DMA WITH DMA REGISTER FILE ROM TIMER/WDG
ﬁ MEMORY BUS T
L U REGISTER_BUS U U
1/0
1/0 1/0 1/0 1/0 1/0 PORT 5 1/0
PORT @ PORT 1 PORT 2 PORT 3 PORT 4 WITH PORT 7
HANDSHAKE
H H IBI

VA00488

Note : Refer to Table 1 for ST903X /O Port Summary
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ST9030 - ST9031

GENERAL DESCRIPTION

The ST9030 and ST9031 devices (following men-
tioned as ST903X) are ROM members of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectronics
using a proprietary n-well HCMOS process.

The ROM parts are fully compatible with their
EPROM versions, which may be used for the proto-
typing and pre-production phases of development,
and can be configured as standalone microcontrol-
lers with 8K bytes of on-chip ROM, microcontrollers
able to manage up to 120K bytes of external mem-
ory, or as parallel processing elements in a system
with other processors and peripheral controllers.

Akey point of the ST903X architecture is its modu-
lar apf)roach which allows software commonality
with all other members of the ST9 family.

The nucleus of the modular design of the ST903X
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 Pe-
ripheral Interface supporting S-BUS, 1°C Bus and
IM BUS Interface, plus two 8 bit I/O ports. The Core
has independent memory and register buses allow-
ing a high degree of pipelining to add to the effi-
ciency of the code execution speed of the extensive
instruction set. The powerful /O capabilities de-
manded by microcontroller applications are fulfilled
by the ST903X with up to 56 I/O lines dedicated to
digital Input/Output. These lines are grouped into
up to seven 8 bit I/O Ports and can be configured
on a bit basis under software control to provide
timing, status signals, an address/data bus for
interfacing external memory, timer inputs and out-
puts, analog inputs, external interrupts and serial
or parallel /O with or without handshake.

Three memory spaces are available: Program Mem-
ory (internal and external), Data Memory (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. In addition there is
an 8 channel Analog to Digital Converter with
integral sample and hold, fast 11pus conversion
time and 8 bit + 1/2 LSB resolution. An Analog
Walltchdog feature is included for two input chan-
nels.

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

PIN DESCRIPTION

AS. Address Strobe (output, active low, 3-state).
Address Strobe is pulsed low once at the beginning
of each memory cycle.

The rising edge of AS indicates that address,
Read/Write (R/W), and Data Memory signals are
valid for program or data memory transfers. Under
program control, AS can be placed in a high-imped-
ance state along with Port 0 and Port 1, Data Strobe
(DS) and R/W.

DS. Data Strobe (oulput, 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 ST903X ac-
cesses on-chip memory, DS is held high during the
whole memory cycle. It can be placed in_a high
En/%dance state along with Port 0, Port 1, AS and

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
iD_mSpedance state along with Port 0, Port 1, AS and

RESET. Reset (input, active low). The ST9 is in-
itialised by the Reset signal. With the deactivation
of RESET, program execution begins from the
Program memory location pointed to by the vector
cor#ained in program memory locations 00h and
01h.

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
input of the oscillator inverter and internal clock
generator; OSCOUT is the output of the oscillator
inverter.

AVpp. Analog Voo of the Analog to Digital Converter.
AVss. Analog Vss of the Analog to Digital Conver-
ter.

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

P00-P07, P10-P17, P20-P27, P30-P37,P40-P47,
P50-P57, P70-P77. I/O Port Lines (Input/Output,
TTL or CMOS compatible). 8 lines grouped into I/0
ports of 8 bits, bit programmable under program
control as general purpose I/O or as Alternate
Functions (see next section).

/0 Port Alternate Functions. Each pin of the I/0
ports of the ST903X may assume Alternative Func-
tions as shown in the Pin Configuration Drawings.
Due to Bonding options for the packages, some
functions may not be present, Table 1 shows the
Functions allocated to the 1/O port pins and a
summary of packages for which they are available.

. 3/66
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ST9030 - ST9031

PIN DESCRIPTION (Continued)

Table 1. ST903X I/O Port Alternate Function Summary

1/0 PORT Pin Assignment
Name Function | Alternate Function
Port. bit 9030 9031
P0.0 A0/DO 110 Address/Data bit 0 mux 24 14
Po.1 A1/D1 110 Address/Data bit 1 mux 25 15
P0.2 A2/D2 1/10 Address/Data bit 2 mux 26 16
P0.3 A3/D3 110 Address/Data bit 3 mux 27 17
P0.4 A4/D4 110 Address/Data bit 4 mux 28 18
P0.5 A5/D5 110 Address/Data bit 5 mux 29 19
P0.6 A6/D6 110 Address/Data bit 6 mux 30 20
P0.7 A7/D7 1/0 Address/Data bit 7 mux 31 21
P1.0 A8 (0] Address bit 8 23 -
P1.1 A9 (o] Address bit 9 22 -
P1.2 A10 o Address bit 10 21 -
P1.3 A1 (o} Address bit 11 20 -
P1.4 A12 (o] Address bit 12 19 -
P1.5 A13 (o) Address bit 13 18 -
P1.6 Al4 o Address bit 14 17 -
P1.7 A15 o Address bit 15 16 13
P2.0 NMI | Non-Maskable Interrupt 44 30
P2.0 ROMless | ROMless Select (Mask option) 44 30
P2.1 P/D (o] Program/Data Space Select 45 31
P2.1 SDI I SPI Serial Data Out 45 31
P2.2 INT2 | External Interrupt 2 46 32
pP2.2 SCK o SPI Serial Clock 46 32
P2.3 SDO [e] SPI Serial Data In 47 33
P2.4 INT1 | External Interrupt 1 48 34
P2.4 WRSTB5 o Handshake Write Strobe P5 48 34
P2.5 WRRDY5 | Handshake Write Ready P5 49 -
P2.6 INT3 | External Interrupt 3 50 35
P2.6 RDSTB5 | Handshake Read Strobe P5 50 35
P2.6 P/D o Program/Data Space Select 50 35
P2.7 RDRDY5 (0] Handshake Read Ready P5 51 36
P3.0 TOINA | MF Timer O Input A 15 12
P3.0 P/D o) Program/Data Space Select 15 12
P3.1 TOOUTA (0] MF Timer 0 Output A 14 1
P3.2 TOINB | MF Timer O Input B 13 10
P3.3 TOOUTB o MF Timer 0 Output B 12 9
P3.4 T1INA | MF Timer 1 Input A 1 8
4/66
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ST9030 - ST9031

PIN DESCRIPTION (Continued)

Table 1. ST903X I/0 Port Alternate Function Summary (Continued)

Lyy 53 THomsON

1/0 PORT Pin Assignment
Name Function Alternate Function
Port. bit . 9030 9031
P3.5 T10OUTA [e] MF Timer 1 Output A 10 7
P3.6 T1INB | MF Timer 1 Input B 9 6
P3.7 T10UTB [¢] MF Timer 1 Output B 8 5
P4.0 AINO | A/D Analog Input 0 52 -
P4.1 AIN1 | A/D Analog Input 1 53 -
P42 AIN2 1 A/D Analog Input 2 54 37
P4.3 AIN3 | A/D Analog Input 3 55 38
P4.4 AIN4 | A/D Analog Input 4 61 44
P45 AINS | A/D Analog Input 5 56 39
P4.6 AIN6 | A/D Analog Input 6 57 40
P4.7 AIN7 1 A/D Analog Input 7 58 41
P5.0 /0 1/0 Handshake Port 5 3 -
P5.1 /0 1/0 Handshake Port 5 2 -
P5.2 110 1/0 Handshake Port 5 1 -
P5.3 l{e} 1/0 Handshake Port 5 68 -
P5.4 /10 1/0 Handshake Port 5 65 48
P5.5 l{e} 1/0 Handshake Port 5 64 47
P5.6 /10 1/0 Handshake Port 5 63 46
P5.7 10 1/0 Handshake Port 5 62 45
P7.0 SIN | SCI Serial input 43 29
P71 SouT o SCI Serial Output 42 28
P7.1 ROMless | ROMless Select (Mask option) 42 28
P7.2 INT4 | External Interrupt 4 41 27
P7.2 TXCLK | SCI Transmit Clock Input 41 27
P7.2 CLKOUT o SCI Byte Sync Clock Output 41 27
P7.3 INTS | External Interrupt 5 40 26
P7.3 RXCLK | SCI Receive Clock Input 40 26
P7.3 ADTRG | A/D Conversion Trigger 40 26
P7.4 INT6 | External Interrupt 6 39 -
P7.4 PD o Program/Data Space Select 39 -
P75 WAIT | External Wait Input 38 -
P7.6 WDOUT O T/WD Output 37 -
P7.6 BUSREQ I External Bus Request 37 -
P7.7 WDIN | TMWD Input 36 -
P7.7 BUSACK o] External Bus Acknowledge 36 -
5/66
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ST9030 - ST9031

ST903X CORE

The Core or Central Processing Unit of the ST903X
includes the 8 bit Arithmetic Logic Unit and the 16
bit Program Counter, System and User Stack Poin-
ters. The microcoded Instruction Set is highly opti-
mised for both byte (8 bit) and word (16 bit) data,
BCD and Boolean data types, with 14 addressing
modes. Two 8 bit I/O Ports are connected to the
Core module for external memory interfacing, while
a 16 bit Timer/Watchdog gives system security and
timing functions, and a Serial Peripheral Interface
allows for synchronous communication. Three in-
dependent buses are controlled by the Core, a 16
bit Memory bus, an 8 bit Register addressing bus
and a 6 bit Interrupt/DMA bus connected to the
interrupt and DMA controllers in the on-chip periph-
erals and the Core. This multiple bus architecture
allows a high degree of pipelining and parallel
operation within the ST903X, giving it its efficiency
in both numerical calculations and communication
with the on-chip peripherals.

MEMORY

The memory of the ST903X is functionally divided
into two areas, the Register File and Memory. The
Memory may optionally be divided into two spaces,

Figure 4. Memory 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
ST903X 8K bytes of on-chip ROM memory is se-
lected at memory addresses 0 through 1FFFh
(hexadecimal) in the PROGRAM space.

External memory, addressed using the multiplexed
address and data buses (Port 0 and Port 1) may be
divided into the Program and Data spaces by the
external decoding of the Program/Data select pin
(P/D) available as an Alternate function, allowing a
full 128K byte memory. The memory spaces are
selected by the execution of the sbM and spM
instructions (Set Data Memory and Set Program
Memory, respectively). There is no need to use
either of these instructions again until the memory
area required is to be changed. This requirement
is not necessary in two cases: first, when operating
with external stacks (the Data Memory is automat-
ically selected) and, secondly, when using the
memory indirect to memory indirect post-increment
addressing mode (the memory types are specified
in the instructions: LDPP, LDPD. LDDP, LDDD).

Either the Data Memory or the Program Memory
can be addressed using any of the memory ad-
dressing modes.

64K Q 64K
PROGRAM DATA

MEMORY

FILE

REGISTER

MEMORY
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MEMORY (Continued)

Program Space

"The Program Memory space of the ST903X, from
the 8K bytes of on-chip ROM memory to the full
64K bytes with off-chip memory expansion is fully
available to the user. At addresses greater than the
first 8K of program space, the ST903X executes
external memory cycles for instruction fetches. The
first 256 memory locations from address 0 to OFFh
(hexadecimal) hold the Reset Vector, the Top-Level
(Pseudo Non-Maskable) interrupt, the Divide by
Zero Trap vector and, optionally, the interrupt vec-
tor table for use with the on-chip peripherals and
the external interrupt sources. Each vector is con-
tained in two consecutive byte locations, the high
order address held in the lower (even) byte, the low
order address held in the upper (odd) byte, forming
the address which is loaded into the Program
Counter when selected by the interrupt vector pro-
vided by the interrupt source. This should point to
the relevant Interrupt Service routine provided by
the user for immediate response to the interrupt.

Data Space

The ST903X may address the full 65,536 locations
of External Data through the External Memory
Interface when decoded with the P/D pin. The
on-chip Registers may be used as RAM memory
for minimum chip count systems.

Figure 5. Program Memory Space

The Data Space is selected by the execution of the

spMinstruction. All subsequent memory references

will access the Data Space. When a separate Data

Space is not required, data may be stored in exter-

gal RAM or ROM memory within the Program
pace.

ROMiess Option

In the event of a program revision being required
after the development of a ROM-based ST903X, a
mask option is available which enables the recon-
figuration of the memory spaces to give a fully
ROMuless device. This means that the on-chip pro-
gram ROM is disabled and ALL memory is seen as
external, allowing the use of replacement program
code in external ROM memory.

To give the ROMIess function (when enabled by the
MASK option), either pin marked ROMless as an
Alternate Function should be held to ground (Vss)
with a high resistance (eg 100K ohm) during the
RESET cycle. The pin status is latched on the rising
edge of the RESET input. After this time, the pin is
free for-normal operation. If the ROMIess option is
enabled, and the on-chip program is to be used,
the pin enabled for the ROMIess function must to
held to a high gotential during the RESET cycle (eg
with a 100K ohm resistor to Vpp.

Figure 6. ROMIess Selection
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REGISTERS

The ST903X Register File consists of 240 registers
(224 general purpose) plus pages of 16 registers
supporting the configuration and control registers
for the on-chip peripherals. The 224 general pur-
pose registers all have 8 and 16 bit arithmetic
capability and may be used as accumulators, on-
chip RAM, internal Stack areas (for system and/or
user stacks), or, with the appropriate addressing
modes, as index, offset or stack pointers.

The register file is arranged into 16 groups of 16
registers, where the general purpose registers oc-
cupy the first 14 groups. The 15th group, E, con-
tains the system registers and Group F contains the
pages of the on-chip peripheral control registers.

Figure 7. Register Grouping

Group F is paged in this manner due to the modu-
larity of the ST9 family of microcontrollers. Each
member of the family retains all general purpose
and system registers, only the paged register-
groups changing owing to the different on-chip
peripheral organizations of each device. The user
can therefore generate code libraries which use the
general purpose registers knowing that they will not
be lost on future ST9 devices. To address a paged
register, the Page Pointer (PPR, R234) within the
system register group must be loaded with the
relevant page number using the spPp instruction.
Subsetgently any access to registers in the top
group (R240-R255) will refer to the selected page.
This remains set until the next change to the Page
Pointer register (by the sPPp instruction).

Figure 8. Page ‘Pointer Mechanism
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REGISTERS (Continued)
Figure 9. ST9030 Group F Peripheral Organisation
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REGISTERS (Continued)

The System group (Group E, registers REO to REF)
includes the system and user stack pointers, the
Mode register, the ALU FLAGS register and the Page
pointer register. In addition the data registers for the
first 6 1/O ports are present, the configuration regis-
ters for the ports being in the paged area. This allows
the immediate access to these I/0 ports at all times.

. Table 2. Group E Register Map

R239 System Stack Pointer Low (SSPLR)
R238 | System Stack Pointer High (SSPHR)
R237 | User Stack Pointer Low (USPLR)
R236 User Stack Pointer High (USPHR)
R235 Mode Register (MODER)

R234 Page Pointer (PPR)

R233 Register Pointer 1 (RP1R)

R232 Register Pointer 0 (RPOR)

R231 ALU Flags (FLAGR)

R230 Central Interrupts Control (CICR)
R229 Port 5 Data (P5DR)

R228 | Port4 Data (P4DR)

R227 Port 3 Data (P3DR)

R226 Port 2 Data (P2DR)

R225 | Port1 Data (P1DR)

R224 Port 0 Data (PODR)

The Register Pointers, present in the system reg-
ister group, select groups of registers as "Working
Registers”, which have faster addressing modes
than direct Register addressing and allows smaller
code size. The Register Pointers may either be
used singly, creating a register group of 16 working
registers, or as two indegendent groups of 8 work-
ing registers which may be placed at any 8 register
boundary within the registerfile. The single and twin
working register modes are automatically set by
hardware when the respective SRP and either SRP0
or SRP1 instructions are executed. If working reg-
isters are used as accumulators and RAM locations
for particular tasks, fast context switching on inter-
rupts may be achieved by setting the register
pointer to another group for the Interrupt Service
Routine, ISR, (e.g. saving the Register pointer on
the stack), using the new group in the ISR and
subsequently restoring the original group before
the Return from Interrupt instruction.Working reg-
isters also allow the use of the ABAR - Any Bit-Any
Register Boolean operations (including directly on
the 1/0 port data registers).

10/66
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Figure 10. Single Working Register Bank
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Figure 11. Dual Working Register Banks
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REGISTERS (Continued)

In the ST9 syntax, directly addressed Registers are
indicated with a capital R e.g. RO, R224, RBF, with
Register Pairs (16 bit accumulators or memory poin-
ters) as RRO, RR24. When using Working Registers,
groups of 16 registers (SR instruction) are denoted
as r0 to r15 (rr0 to rr14), while the dual working
register group are addressed as r0 to r7 (110 to rr6),
for the first group of 8 registers (SRP0), with r8 tor15
(rr8 to rr15) for the second set (Srp1). Working
register addressing reiuires a 4 bit field within the
instruction. When packed into a byte, the upper
nibble is setto Dh (1101b), this being the escape code
to indicate the use of the working registers. As a
result, group D cannot be selected with direct register
addressing, it is recommended that this group be
used as internal stacking area when using register
file based system or user stack pointers.

STACK POINTERS

There are two separate, double register stack poin-
ters available (System and User), both of which can
operate in register or Data memory address
spaces. These operate in a Pre-Decrement mode
when data is PUSHed onto the Stack and in a
Post};lncrement mode when data is Poped from the
stack.

The system Stack Pointer (SSPR, R238:R239) is

Figure 12. Internal Stack Pointers

REGISTER FILE

R255

STACK POINTER L

STACK POINTER H

STACK

RO

VA00434

o7 FSTHINGIN

used for the storage of temporarily suspended
system and/or control registers (ie the Program
Counter and FLAG register) while interrupts are
being serviced, and is used for the storage of the
Program Counter following the CALLing of a sub-
routine. The user Stack Pointer (USPR,
R236:R237) is completely free from allinterference
from automatic operations and so provides for a
totally user controlled stack area.

Both Stack pointers may operate with both byte
(pusH,pOP)and word (PUSHW, POPW) data, and are
differentiated by appending a "U" to the instruction
mnemonic for the User Stack (PUSHU/PUSHUW,
POPU/POPUW).

When the Stack Pointers are using RAM Memory
as the stack areas, a full word register is used as
the pointer, while when operating with the stack
area within the Register File (Groups 0 to 14 only,
but not the within the system and paged groups)
only an 8 bit register is required for addressing and
consequently only the low byte of the word regis-
ters are used (R239 for the System Stack and R237
for the User Stack). In this latter case the upper byte
of the stack pointer registers (R238 and R236)
must be considered as reserved. The Stack Poin-
ters may be selected to point to RAM or Register
file by the setting of the SSP (MODER.7) and USP
MODER.6) of the ST903X configuration register
MODER, R235) where a "1" denotes Register file
operation (Default at Reset) and "0" causes exter-
nal Data space operation.

Figure 13. External Stack Pointers
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INTERRUPTS

The ST903X offers a powerful solution to the re-
sponse requirements of real-time systems with its
advanced interrupt structure. Interrupt trigger sour-
ces can be prioritized within 8 levels to match the
priorities assigned to the application. In addition a
top-level or non-maskable interrupt is available.
The ST903X interrupts follow the logical flow of
Figure 14.

Interrupt events (selectable with each function)
cause the setting of the Interrupt Pending (IP) bit
within the status register of the peripheral. This bit
may also be set by software in order to generate a
software interrupt, and should normally be reset by
software within the interrupt service routine. If the
interrupt is not Masked with the corresponding
Interrupt Mask bit, the interrupt is passed to the
centralinterrupt control logic where the priority level
assigned by the programmer to the interrupt source
is compared with the priority level of the core (user
programmed dynamically in the 3 bits of the Central
Priority register (CPL, CICR.0-2, level 7 is the lo-
west priority and level 0 the highest). If the incoming
priority level is higher than the CPL, and Global
Interrupts are enabled (by the EI instruction, inter-
rupts are disabled by the execution of the DI in-
struction), the interrupt is acknowledged. If
interrupts are globally disabled, the priority level of

Figure 14. Interrupt Logic

the source is lower than or equal to the CPL or the
Interrupt is masked, then the IP bit remains set and
the interrupt is held Eending until the ET instruction
is executed, the CPL is set to a lower level and the
interrupt is un-masked. Alternatively the IP bit of a
masked interrupt source may be used in a polled
interrupt environment, with the IP bit being reset by
software within the service routine.

The interrupt acknowledge cycle causes the Pro-
gram Counter and FLAGS register to be pushed
onto the System Stack (PC low byte first, PC high
byte, then FLAGS Register) and all maskable inter-
rupts to be disabled by resetting the IEN bit. The
peripheral Interrupt Vector, IVR, a user programm-
able feature of the peripheral interrupt control reg-
isters, is used as an offset into the vector table,
gointing to the high byte (even address) of the 16
it address which should contain the starting ad-
dress of the interrupt service routine. Addresses 0
through 255 of the program space comprise the
interrupt vector table. Where multiple interrupt
sources may occur within a peripheral, the periph-
eral interrupt vector source may be encoded by
hardware set bits within the IVR register. This
means that the vector address defined in the pe-
ripheral IVR is the base address for a block of
vectors servicing that peripheral. The address
pointed to by the vector is loaded into the Program
Counter and execution restarts from this point.
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INTERRUPTS (Continued)

Figure 15. Interrupt Vector Table Usage
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The interrupt service routine should clear the inter-
rupt pending flag of the interrupt source and take
the appropriate action. The last instruction of the
interrupt service routine should be the IRET in-
struction, the action of this is to restore the Program
Counter and Flags register to their value prior to
the interrupt acknowledgment, and to re-enable
interrupts. Within the interrupt service routine, use
may be made of the working register pointer mech-
anism to reduce the context switching time.

Two interrupt arbitration modes are available for
use with the 8 level priority scheme, Nested and
Concurrent modes. These are selected by the
status of the IAM bit (CICR.3).

Concurrent mode, selected when IAM = "0" (the
reset condition) is the standard interrupt arbitration
mode, where the arbitration phase of every instruc-
tion acknowledges interrupts according to their
priority level (if higher than the CPL) and follows
the sequence shown. All pending interrupts exist-
ing or having eventually occurred during interrupt
service routine execution, remain pending until the
Enable Interrupt instruction (EI) (even if it is ex-
ecuted during the interrupt service routine). EI
within the interrupt service routine is not recom-

&7

SGS-THOMSON
MICROELECTRONICS

mended for use with the Concurrent arbitration
mode as this can trigger a Last In, First Out condi-
tion where high priority interrupts are masked by
lower priority interrupts which are all higher than the
CPL value.

Nested Mode, selected when IAM = "1", uses the
same arbitration phase as concurrent mode, the
difference being that the CPL is modified during the
interrupt processing cycle to that of the acknow-
ledged interrupt level. The CPL value is pushed by
hardware into the Nested Interrupt Control register’
(NICR, R247 page 0) by setting the NICR bit corre-
sponding to the CPL value. The interrupt service
routine is entered in the normal manner. The re-
vised CPL level is used for arbitration of further
interrupts, each higher level being saved on the
NICR stack, and being restored automatically by
hardware with the RETT instruction. This allows the
execution of the EI instruction within the interrupt
service routine to operate the correct nesting of
interrupts. The two modes are shown graphically in
figure 16, where the Y axis shows the CPL value.
It should be noted that within the concurrent mode
INT1 will not be acknowledged until the CPL level
is programmed to a lower level.

13/66
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INTERRUPTS (Continued)

Figure 16. Interrupt Modes Example of Usage
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Interrupts coming from on-chip sources at the
same instant and priority level are resolved during
the arbitration phase according to a hardware
da:)ilsy-chain. This follows the priorities of the
table 3.

Table 3. ST903X Interrupt Hardware Daisy Chain

External Interrupts. Up to 8 external interrupts are
available on the ST903X as alternate function in-
puts of I/O pins.

These may be selected to be triggered on rising or
falling edges and can be independently masked.
The eight external interrupt sources are grouped

Table 4. External Interrupt Channel Grouping
INTA High Priority
- External
INTB Interrupt Channel
INTC INT7 INTD1
INTD INT6 INTDO
INT5 INTC1
MFTIMERO INT4 INTCO
I
se INT3 INTB1
AD INT2 INTBO
MFTIMER1 Lowest Priority m% :mﬁa
14/66
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INTERRUPTS (Continued)

into four pairs or channels which can be assigned
to.independent interrupt priority levels. Within each
channel the even interrupt number takes the even
priority level and the odd channel the odd priority
level (even+1).

Several of the External Interrupt channels have
their inputs selectable between the external inter-
rupt source and on-chip peripheral sources.

Table 5. ST903X External Interrupt Source
Selection

INTO
Timer/Watchdog INTAO
End of Count
INT2
INTBO
SPI Interrupt

Top Level Interrupt. The Top Level Interrupt chan-
nel can be assigned either to the external NMI pin
or to the Timer/Watchdog output. When selected
as the external NMI pin, the active edge may be
programmed to be rising or falling. The TLI event
will cause the setting of the TLIP bit (CICR.6) and
according to the mask situation, a Top Level Inter-
rupt request may be generated. Two masking con-
ditions are available, a Maskable Mask and a
Not-Maskable Mask.

The Maskable Top Level Interrupt may be enabled
or disabled by software and follows the state of the
Global Interrupt Enable bit IEN (CICR.4), while the
Not-Maskable Mask bit (TLNM) is a set-only mask.
Once set, the Top Level Interrupt is active inde-
pendently of IEN and cannot be disabled until the
next Reset cycle.

Figure 17. Top-Level Interrupt Structure
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DMA

The ST903X has on-chip DMA channels to provide
high-speed data transaction between peripherals
and Memory or Register File. Multi-channel DMA
is fully supported because each peripheral can
have its own DMA channel(s). Each DMA channel
transfers data to/from contiguous locations of the
Register File, Program Memory or Data Memory.
The maximum number of transactions that each
DMA channel can performis 222 if the Register File
is selected and 65536 if Program or Data Memory
are selected.

DMA transfer to (or from) the Register File takes 8
INTCLK cycles ; DMA transfer to (or from) Memory
takes 16 INTCLK cycles. If the ST903X is in the idle
mode (following the execution of the WFI instruc-
tion), DMA requests are acknowledged according
to their priority and control is returned to the idle
mode pending an interrupt, this operation in-
creases the number of INTCLK cycles by 2 for both
Register File and Memory DMA transactions.

Each DMA channel has its own control registers
located in the page(s) related to the peripheral.

/

Figure 18. DMA Between Registers and Peripheral

There are two pointer registers, DAPR which points
to a register or register pair containing the current
DMA address to/from which data will be trans-
ferred, and DCPR, which points to a register or
register pair which contain the transaction counter
for the DMA operations.

Each DMA transfer consists of three operations:

- Aload from/to the peripheral data register to/from
alocation of Register File (or Memory) addressed
through the DMA Address Register (or Register
Pair)

- A post-increment of the DMA Address Register
(or Register Pair)

- A post-decrement of the DMA transaction
counter, which contains the number of transac-
tions that have still to be performed.

When the transaction counter reaches 0 (all data
has been transferred) an End of Block Interrupt
event is generated to allow the processing of the
DMA data block, or, by reloading the Address and
coulnter registers and retriggering, a repeated DMA
cycle.
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DMA (Continued)

A SWAP mode, allowing continuous DMA oper-
ation, is available for the Multifunction Timer and is
described in the section relating to the Multifunction
Timer.

The ST903X has DMA channels associated with
the Serial Communications Interface Input and
Output Serial data channels, the 16 bit Load/Cap-

Figure 19. DMA Between Memory and Peripheral

ture Register 0, CAPTOR, of each Multifunction
Timer allowing the timing of external signals to be
captured into a table for off-line analysis or for the
automatic output of PWM signals of variable width
and timing, and the 16 bit Comparison Register 0,
COMPOR, of each Multifunction Timer which can
be programmed to cause output or input of parallel
data through the handshake Port 5 under DMA.
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CLOCK GENERATION, WAIT, HALT AND RESET
Clock Generation

The ST903X Clock Generator module generates
the internal clock for the ST9 core and the on-chip
peripherals, it may be driven by an external quariz
crystal circuit, connected to the OSCIN and OS-

Figure 20. Crystal Oscillator

COUT pins, or by an external pulse generator con-
nected to OSCIN (Figure 20, Figure 21). The con-
ceptual schematic of the ST9 internal clock circuit
is shown in Figure 22.

Figure 21. External Oscillator
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Figure 22. Internal Clock Circuit
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CLOCK GENERATION, WAIT, HALT AND RESET
(Continued)

The maximum external frequency of the ST9 is 24
MHz, while the maximum internal operating fre-
quency is 12 MHz, thus a programmable divide by
two circuit is present, this allows the use of high
frequency crystals for economy, or low frequency
crystals for reduction in radiated noise. This divider
is active upon exit from the reset condition, the user
may bypass the divide by two circuit by setting the
DIV2 bit of the MODER Register.

The resulting clock from this section is named
INTCLK, the internal clock which drives the time-
bases of the on-chip clock for the ST903X periph-
erals (eg the Multifunction Timer, Timer/Watchdog,

Figure 23. CPUCLK Prescaler

Serial Communications Interface) and also the input
of the CPU prescaler section. The CPU of the ST9
includes the instruction execution logic and may run
at different rates according to the setting of the
PRS2,PRS1 and PRS0 bits of the MODER Register
(figure 23). The resulting clock is named CPUCLK
and it should be noted that this does not maintain a
50% duty cycle, but stretches the high level of the
clock until completion.

The CPUCLK prescaler allows the user to slow
down the program execution time (eg for lower
power consumption), while time-critical sections of
the program may tune the CPUCLK execution
speeg to high speed and then restore it to its original
speed.
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CLOCK GENERATION, WAIT, HALT AND RESET
(Continued)

Wait States

The output from the prescaler can also be affected
by wait states. Wait states from two sources allow
the user to tailor timing for slow external memories
or peripherals.

The internal Wait State generator will insert from 0
to 7 wait states, independently programmable for
both Program and Data Spaces, via the Wait Con-
trol Register WCR. The second source of wait
states is the external Wait input pin when enabled
as the Alternate Function. Figure 24 shows the
External Memory Interface timing as it relates to
CPUCLK prescaling of 2 and 5 added wait states.
The added wait states are derived from the INTCLK
clock cycle, not CPUCLK. Internal memory is al-
ways accessed with no Wait states.

Halt and Wait for Interrupt (WFI) States

The schematic of the on-chip oscillator circuit is
shown in Figure 25. The HALT condition, caused
by the execution of the HALT instruction, disables
the oscillator, forcing OSCOUT high. This places
the ST903X into the lowest power mode. The exit
of the HALT condition and the restarting of the
oscillator requires a RESET pulse with a minimum
duration of 10ms (figure 26). It must be noted that

Figure 24. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States

if the TIMER/WATCHDOG has the WATCHDOG
mode enabled, a HALT instruction will not disable
the oscillator; this is to avoid stopping the Watchdog
if, by an error, a HALT instruction is executed. When
this occurs, the ST903X runs in an endless loop
term{?ated only by the Watchdog reset (or hardware
reset).

Figure 25. Oscillator Schematic
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ST9030 - ST9031

CLOCK GENERATION, WAIT, HALT AND RESET
(Continued)

The wr1 (Wait for Interrupt) instruction suspends
program execution until an interrupt request is
acknowledged. During this period, DMA transac-
tions are allowed if their priority is higher than or
equal to the CPL level ; the ST903X returns to WFI
mode after completion of the DMA transfer.

The CPUCLK is halted during Wait For Interrupt
while INTCLK continues to run, thus the power
consumption of the processor is lowered by the
CORE power consumption value. The External
Memory Interface lines status during HALT and
WFI modes is shown in Table 6.

Table 6. External Memory Interface Line Status
During WFI and Halt

PO (ADO-AD7) High Impedance

P1 (A8-A15) Forced to Address of Next Opcode
AS Forced High

DS Forced High

RW Forced High

Reset

The processor Reset overrides all other conditions
and forces the ST903X to the reset state. During
Reset, the internal registers are set to their Reset
values, as shown in Table 7 for the System and
Page 0 Registers. The I/O Ports pins are set to the
Bidirectional Weak Pull-up mode. The programmer
must then initialize the ST903X registersto give the
required functions.

The Reset condition can be generated from the
RESET pin or by the on-chip TIMER/WATCHDOG
operating in Watchdog mode. To guarantee the
complete reset of the ST903X, the RESET input pin
must be held low for at minimum of 53 crystal
eriods in addition to the crystal start-up period.
he Watchdog Reset will occur if the Watchdog
mode is enabled (WCR.WDEN is reset) and if the
programmed period has elapsed without the code
0AAh,55h written to the appropriate register. The
input pin RESET is not driven low by the on-chip
reset generated by the TIMER/WATCHDOG.

Figure 26. Reset Timing Requirements from Halt State
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ST9030 - ST9031

CLOCK GENERATION, WAIT, HALT AND RESET (Continued)

Table 7. System and Page 0 Reset Values

Register System Register Page 0 Register
Number Reset Value Reset Value

F (SSPLR) = undefined Reserved

E (SSPHR) = undefined (SPICR) = 00h

D (USPLR) = undefined (SPIDR) = undefined

Cc (USPHR) = undefined (WCR) = 7FhOh

B (MODER) = EOh (WDTCR) = 12h

A (Page Ptr) = undefined (WDTPR) = undefined

9 (Reg Ptr 1) = undefined (WDTLR) = undefined

8 (Reg Ptr 0) = undefined (WDTHR) = undefined

7 (FLAGR) = undefined (NICR) = 00h

6 (CICR) =87h (EIVR) = x2h

5 (PORT5) = FFh (EIPLR) = FFh

4 (PORT4) = FFh (EIMR) = 00h

3 (PORT3) = FFh (EIPR) =0

2 (PORT2) = FFh (EITR) = 00h

1 (PORT1) = FFh Reserved

0 (PORT 0) = FFh Reserved

During the Reset state, DS is held low and AS is
toggled with the frequency of the crystal (OSCIN)
divided by 32. This condition may be recognized by
external peripherals as a Reset condition. It may
also be used to enable the synchronization of
multiple ST903X running from the same clock in a

22/66
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multi-processing or high security majority voting
system.

Once the RESET pin reaches a logical high, the
ST903X fetches the starting address from locations
0 and 1 of the program space and begins program
execution from this address after 67 crystal cycles.
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INTERFACING TO EXTERNAL MEMORY

External Memory and/or peripherals may be con-
nected to the ST903X through its External memory
interface. This provides the multiplexed Address
bits A0 to A7 and Data bits DO to D7 as Alternative
Functions of Port 0, and the higher order address
bits A8 to A15 as Alternative Functions of Port 1,
giving the full 64K bytes addressing capability. The
Program/Data (P/D) output, when selected as an
Alternate function, allows external decoding to pro-
vide for the two independent pages of 64K bytes for
Program and Data. Data transfer timing is gener-
ated by the Address strobe AS and the data strobe
DS. Address strobe low indicates that the data
present on ADO to AD7 is the low order address and

Figure 27. External Memory Addressing Circuit

is guaranteed valid on the rising edge of AS allowing
for latching of the address bits by an external latch.
Data transfer direction is indicated by the status of
the Read/Write (R/W) pin; for write cycles (R/W
low), data out is valid at the falling edge of DS; for
read cycles (R/W high), data in must be valid prior
to the rising edge of DS. The Data Strobe low period
may be extended to accomodate slow external
devices by the adding of internally generated wait
cycles (0 to 7 cycles for program and/or data mem-
ory maps) or by an external input on the WAIT input
pin also available as an Alternative Function of an
1/O bit. Suggested interface circuits are shown in
Figure 27 and Figure 28.
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INTERFACING TO EXTERNAL MEMORY (Continued)

Figure 28. External Memory Addressing Circuit
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BUS CONTROL

Multi-processing or external program testing may
be accomplished by disabling the 1/0 ports used for
external memory addressing and the associated
timing signals.

High Impedance Mode

The User may place the External Memory Interface
(/O Port 0 and Port 1, Address Strobe, Data Strobe
and Read/Write) into the high impedance state by
setting the HIMP bit in the MODER Register. Exter-
nal test equipment may then drive the memory lines
for automatic test, external memory validation or
programming. The ST9 will continue to execute
internal programs, providing no external memory is
addressed, allowing the execution of security rou-
tineg without showing the externally addresses
used.

24/66
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Bus Request/Acknowledge

The External Memory Interface address ports and
timing signals may be forced to their high imped-
ance state by utilizing the BUSREQ, Bus Request,
and BUSACK, Bus Acknowledge, signals available
as Alternate Functions of two I/O pins (please refer
to the pin conﬂguratlon drawings for availability of
these lines for the package chosen). The signals,
BUSREQ and BUSACK, must be enabled by set-
ting the BRQEN bit in the MODER register. Once
enabled, a low level detected on the BUSREQ pin
at the start of an internal machine cycle will cause
the stretching of the CPUCLK, and BUSACK to go
low indicating that the External Memory Interface is
disabled. The BUSREQ pin is then continuously
monitored, and when sampled high, the External
Memory Interface pins are driven by the ST9 within
two INTCLK cycles.




ST9030 - ST9031

1/0 PORTS
Summary of Function
For each package type of the ST903X, only ten pins

Table 8. I/0 Port Schematic

have a Reserved function: Vdd, Vss, RESET, AS,
DS, R/W, OSCIN, OSCOUT, the Analog to Digital
Converter Voltage references, plus, depending on
package type, the External Interrupt 0 and 7 input
pins. All other pins are available as Input/Output
(1/0O) for the user, grouped into Ports of 8 bits.

These may be programmed to be Input, Output,
Bidirectional or Alternate Function (Peripheral or
Memory Interface), on a bit by bit basis, at any time.
When programmed as an Input the pin may be set
to TTL or CMOS input threshold levels, while, when
programmed as Output, Push-Pull or Open Drain
configuration may be selected. The Bidirectional
mode sets the pin with a weak pull-up resistor to Vdd
or to Open Drain, allowing bidirectional communica-
tion with external logic. The Alternate Function set-
ting is predetermined for each pin as shown in the
Pin Configuration Table. The circuitry of the I/0 port
allows for several ST903X peripheral functions to
address, as Alternate Functions, the same pin, for
both input and output, the programmer selects
which peripheral function is to be active by enabling
its individual Input or Output function. This multi-
function I/O capability of the ST903X allows for easy
adaptation to external circuits. The options available
for each bit are summarized in Table 8.

Figure 29. /O Port Schematic

TTL Thresholds
Input
CMOS Thresholds
Open Drain
Output
Push-Pull
. Open Drain !
Bidirectional
Weak Pull-up
Open Drain
Alternate Function
Push Pull
1/0 Port Configuration

The configuration of each general I/O bit of the
ST903X is set by the corresponding bits in three I/0
Port control registers. These affect the status of the
input and output buffers of the pin, and enable the
Alternate function Outputs. Alternate Function in-
puts are always connected, and are used by enab-
ling the function from within the configuration
registers of the relevant peripheral function. The
configuration of an 1/O bit is shown in Figure 28.
Outputs follow a Master/Slave buffer, data is trans-
ferred from the ST9 internal data bus at the begin-
ning of the machine cycle, and, if enabled as output,
is passed to the output latch at the end of the cycle.
This synchronization allows for the Bidirectional use
of the pin without potential conflicts (see Figure 29).
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ST9030 - ST9031

1/0 PORTS (Continued)

Configuration Registers. Three registers are used
to allow the setting of each pin, generically PxC2,
PxC1, PxCO0, where x relates to the 8 bit /O portin
which the bit is present. The setting of the corre-

Table 9. Port Configuration Status Bits

sponding bit in each register to achieve the desired
functionality of the I/0 pin is shown in Table 9.

The effect of the configuration settings of Table 9
on the 1/O ports structure is shown in Figures 30 to
33.

PxC2n 0 1 0 1 0 1 0 1
PxC1in 0 0 1 1 0 0 1 1
PxCOn 0 0 0 0 1 1 1 1
Pxn Configuration BID BID ouT ouT IN IN AF AF
Pxn Output WP oD PP oD HI HI PP oD
Pxn Input L TTL TIL L CMos TTL TTL L

Legend: )

X = Port

n = Bil

BID = Bidirectional

OUT = Output

IN  =Input

AF = Alternate Function
WP = Weak Pull-up

OD =OpenDrain

PP = Push-Pull

HI = High Impedance

Figure 30. I/0 Port Input Configuration

Figure 31. 1/0 Port Output Configuration
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ST9030 - ST9031

1/0 PORTS (Continued)

Figure 32. I/0 Bidirectional Configuration Figure 33. I/0 Port Alternate Function Config.

1/0 PIN
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1/0 Register Map are found in Group E of the Register File, for
The Data Registers which correspond to the pin immediate access at all times, while the configura-

status (after configuration) of 1/0 Port 0 to Port 5, tion registers and the Data Registers for Additional
Ports are found within I/O pages (Group F) 2 and 3.

Figure 34. 1/0 Register Maps

GROUP E GROUP F PAGE
DEC HEX DEC HEX 02 03
R255 RFF RESERVED P7D
R254 RFE P3C2 P7C2
R253 RFD P3CH1 P7C1
R252 RFC P3C0 P7C0
R251 RFB RESERVED RESERVED
R250 RFA P2GC2 RESERVED
R249 RF9 P2C1 RESERVED
R248 RF8 P2C0 RESERVED
R247 RF7 RESERVED HDC5
R246 RF6 P1C2 P5C2
R229 RES P5D R245 RF5 P1C1 P5C1
R228 RE4 P4D R244 RF4 P1G0 P5C0
R227 RE3 P3D R243 RF3 RESERVED _RESERVED
R226 RE2 P2D R242 RF2 P0C2 P4C2
R225 RE1 P1D R241 RF1 POC1 P4G1
R224 REO POD R240 RFO POCO P4C0
7 SGS-THOMSON 2r/ee
Y/ RaichoELECTRONICS
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ST9030 - ST9031

I/0 PORTS (Continued)

Handshake and DMA

/O Port 5 of the ST903X (please refer to the pin
configuration table for the availability of all 8 bits of
Port 5, as this is dependent on the package type) is
able to support a parallel interface port with hand-
shake capability. This allows one, two or four wire
interconnecting handshake signals and facilitates
very fast parallel transfer of data forinput and output,
or for the interconnection of peripheral devices requir-

data to or from the memory source which can be
Register File, Program space memory or Data
space memory. An example of application of this
technique is shown in Figure 35, a complex stepper
motor timing sequence automatically being trans-
ferred from a table in the Register File (or memory
spaces) to the stepper motor drivers. After initializ-
ation, this operation is transparent until the task
(complex microstepping) is completed.

Table 10. Handshake Control Signal Options

ing strobe signals for synchronization. Table 10 Handshake
shows the available options for input and output Mode Lines Names
status and strobe signals available as Alternate p WRRDY
Functions of 1/O port bits (see Pin Configuration). Input
The Handshake configuration is set within the Hand- o » WRSTB
shake Control Register (HDCnR) for the relevant I/O WRRDY
porl n. Output 1 RDRDY
Data transfer through the parallel 1/O port with f';O':; 2 RDSTB
handshake can also be triggered through a DMA o RDRDY
channel. Timing is generated by the ST903X WRSTB
TIMER ON-CHIP EVENT strobe signal (see the Bidirectional 4 WRRDY
TIMER section for information on generating these RDSTB
signals), which causes the programmed transfer of RDRDY
Figure 35. Handshake + DMA Used for Stepper Motor Driving
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ST9030 - ST9031

TIMER/WATCHDOG

A 16 bit down-counter, complete with 8 bit prescaler,
is integrated into the ST903X core. This is able to
operate both as a general purpose timer with asso-
ciated input and output pins for timing functions,
and also as a Watchdog Timer offering a security
against possible processor malfunctions due to ex-
ternal events.

Timer Modes

When operating as a Timer, with a timing resolution
from 333ns to 5.59s (INTCLK = 12MHz), an input
pin (WDIN) and output pin (WDOUT) may be se-
lected as the Alternate Functions of two 1/O pins.
When WDIN is enabled by the user by setting INEN
high and the Alternate Function is set, 4 operating
modes are available: The WDIN input may be pro-
grammed to act as an event counter input, with high
to low transitions causing the counter to decrement.
The time duration between the falling edges of the
input clock must be at least 333ns (allowing a
maximum input frequency of 3MHz). It may also be
used for pulse width measurement by being se-
lected as a counter clock gate signal (prescaler to
the counter being driven by INTCLK/4), counting
being enabled when WDIN is at a high level. Trigger
and Re-trigger modes cause a reload of the timer
user preset values (START/STOP is active) for a

Figure 36. Timer/Watchdog Block Diagram

high to low transition on WDIN at any time (Re-trig-
ger mode) or when the counter is at the end of count
(Trigger mode). The counter decrements at a rate
driven by INTCLK/4.

The WDOUT pin, when set as the Alternate Func-
tion, is enabled by OUTEN high, and may either
toggle the state of the I/O bit (frequency generation,
OUTMD = "0") or pass the state of the WROUT bit
to the output allowing PWM generation (OUTMD =
"1") at the end of count (Timer value = 0) condition.

Watchdog Mode

The timer functions may be disabled, and the Timer
configured for a Watchdog operation by re-setting
WDGEN to zero. Once the Watchdog has been
selected it cannot be set back into the standard
timer mode until the next Hardware Reset cycle.
The programmer should set the watchdog timer
prescaler and timer reload value before enabling
the Watchdog mode. The Watchdog Timer must
then be retriggered, causing the reloading of the
timer value, by the operation of writing of the byte
sequence 0AAh, 055h to the WDTRL register. If this
is not done before the Watchdog counts to zero, the
Watchdog Timeout condition occurs. This causes
a Hardware Reset of the ST903X. The Watchdog
reset signal is not output on the external RESET

pin.
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ST9030 - ST9031

TIMER/WATCHDOG (Continued)

Timer/Watchdog Interrupts

The Timer/Watchdog may provide several levels of
interrupts selectable by the programmer.

The Timer mode offers two interrupt sources, trig-
gered on the timer value reaching 0, either a prio-
ritized level (by taking the Interrupt priority channel
from the External Interrupt INTAOQ) or by a top level,
non-maskable interrupt (taking the external NMI
input channel).

The interrupt channels are multiplexed from the
alternative source according to the status of the
IAOS and TLIS bits as shown in figure 38. Please

Figure 38. Timer/Watchdog Interrupt Sources

TIMER WATCHDOG
END OF COUNT
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refer to the ST9 Technical Manual for further details o
on changing the interrupt sources of the
Timer/Watchdog.When the Watchdog mode is set MUX [ INTAO REQUEST
(WDEN = "0"), the timer value equal to 0 event wro O— 1
generates a Hardware reset of the ST903X. The
Timer/Watchdog control registers are located within K0S (EVR 1)
Page 0 of the Paged 1/O register group.
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Figure 37. Timer/Watchdog in Watchdog Mode
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MULTIFUNCTION TIMER

The ST903X includes two identical 16 bit Multifunc-
tion Timers (MFT) in addition to the
TIMER/WATCHDOG. The following description ap-
plies to both Timer 0 and Timer 1.

Each timer is a 16 bit Up/Down counter, driven by the
output of an 8 bit prescaler which may be driven by
INTCLK/3 (giving a minimum timing resolution of
250ns at INTCLK = 12 MHz) or by an external source.
This timer is supported by two 16 bit Comparison
Registers for generating timed functions and two 16
bit Capture/Load Registers for timing and variable
timebase functions. These features coupled with 2
input pins (TxINA and TxINB) and 2 output pins
(TxOUTA and TxOUTB, where x = 0 or 1), available
as Alternate Functions, giving the timer 13 operating
modes for virtually all required timing functions.

MFT Operating Modes

The operating modes selected by the programming
of the Timer Control Register (TCR Timer x) and the
Timer Mode Register (TMR) are as follows:

One-Shot Mode. The counter stops at the End Of
Count Condition (up or down count).

Continuous Mode. At End Of Count the timer is
reloaded from a Load Register.

Trigger Mode. A Trigger causes reload from a load
register only if the Timer is at End of Count.

Figure 39. Multifunction Timer Block Diagram

Retrigger Mode. A Trigger causes reload from a
load register at any time.

Gate Mode. Counting is performed only when the
external gate input (TxINA or TxINB) is active (logi-
cal 0).

Capture Mode. A Trigger causes the timer value to
be latched into the selected Capture register.

Up/Down Mode. A Trigger causes a count up or
down, or a change in counting direction.

Free-Running Mode. Up or Down counting is per-
formed to the full range with no action at End of
Count. This is used in Bicapture and Capture
Modes.

Monitor Mode. One Capture register follows the
contents of the timer.

Autoclear Mode. The timer is reset to 0000h or
FFFFh (up or down count respectively) on a trigger.
This gives delta time measurement or free running
with a modulo of less than 21,

Biload Mode. The counter is reloaded on an End
Of Count condition alternately from the two Load
Registers. (PWM output).

Bicapture Mode. A Trigger causes the current timer
value to be transferred alternately to the two Cap-
ture registers (pulse width measurement).
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MULTIFUNCTION TIMER (Continued)

Table 11. Input Pin Function Settings

Parallel Mode. The prescaler output of Timer 0 is Input Control
internally connected to the input of the prescaler of Register T"(:'NA Input T)|<:|NB Input
Timer 1, if this is then set to 00h (= divide by 1), then IN3-INO bits unction unction
the two timers may be run in parallel. 0000 o o
The trigger events may be either caused by soft- .
ware, or an action on the two input pins which may 000t Vo Trigger
be programmed to respond to rising, falling or both 0010 Gate 110
edges of the input. The input modes are selected in .
the Input Control Register (ICR) as shown in oot Gate Trigger
Table 11. ' 0100 l[e] Ext.clock
This includes the Autodiscriminator mode, which 0101 Trigger 10
causes the timer to count up or down depending on 0110 Gate Ext.clock
the phase between the two input edges, such as ) )
the signals generated by optical encoders. oMM Trigger Trigger
The two output pins (available as Alternate Func- 1000 Clock Up Clock Down
tions) may be programmed through the Output 1001 Up/Down Ext.clock
Control Registers OCR0 and OCR1 to be modified . .
(Set, Reset, Toggle or No Operation) on each of 1010 Trigger Up Trigger Down
Overflow/Underflow (OVF/UNF), Compare on 1011 Up/Down 110
CMPO valid (CM0), or Compare on CMP1 (COMP1) 1100 Autodiscr. Autodiscr.
valid events.
. . . 5 1101 Trigger Ext.clock
This allows repetitive signals such as PWM drive to )
be output with minimum CPU overhead. Figure 40 mo Exticloek Trigger
shows some typical waveforms available from 1111 Trigger Gate
these signals.
Figure 40. Example Output Waveforms
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MULTIFUNCTION TIMER (Continued)

The Overflow/Underflow event and the Compare 0
event may also be programmedto give On-chip Event
timing signals to trigger other peripheral operations
on the ST903X. These are as shown in Table 12.

Table 12. ST903X On-Chip Event Setting

MFTO A/D Conversion Trigger

MFT1 Handshake Trigger Port

The TxOUTA and TxINA lines for each timer may
be connected together internally, by setting of the
SCx bits of the /0O Connection Register (IOCR).

The Multifunction Timers are enabled for counting
by the Counter Enable bit (CEN, TCR.7) of the
respective timer unit. When CEN is low, both pres-
caler and timer are halted. CEN is logically ANDed
with the Global Counter Enable bit (GCE, CICR.7),
so that both timers may be started in synchronism,
i.e. when the timers are set into Parallel mode, this
allows initialization of both Timers before triggering
at the same instant. :

MFT Interrupts

Each Multifunction Timer can generate interrupt
requests from 5 different interrupt sources which
are grouped into 3 independent groups.

The Interrupt Vector has the source of the interrupt
group encoded by hardware into the least signifi-
cant 3 bits of the vector. This allows the programm-
ing of the base address to an 8 byte block within the
interrupt vector area of the Program Space. The
groups and respective addresses are shown in
Table 13.

Table 13. MFT Interrupt Vectors

Interrupt Source Vector Address
88%’;? xxxx x110
i 822%3 xxxx X100
Overflow/Underflow xxxx X000

Each source may be independently masked, in
addition all Timer interrupts may be disabled by the
Global Timer Interrupt enable (GTIEN, IDMR.7)
control bit. If a Timer interrupt on Compare 0 or
Capture 0 does not have its corresponding pending
bit reset before the next interrupt, then an overrun

o7 SRS

condition occurs. This condition is flagged in two
dedicated overrun bits in the Timer FLAGS register.

MFT DMA Channels

Two independent DMA channels are present within
each MFT, associated to the Compare 0 and Cap-
ture 0 sources. This allows 16 bit DMA transactions
from Register File/Memory to COMPO registers,
and from CAPTO registers to Register File/Memory.
The DMA channels allow the capture of external
event timings in memory allowing off-line analysis,
and creating of variable pulse width signal trains, as
required by the drive of Triacs in certain modes.

The two interrupt mask sources are independently
masked by two DMA mask bits, mapped in.the
IDMR register. The End of Block (EOB) procedures
are as described in the INTERRUPT/DMA section.

The DMA counter and address pointer registers
share the most significant user-programmable 6
bits for both DMA channels (COMP 0 and CAPT 0),
thus the mapping of the counter and address reg-
isters use automatic offsets from the base address.
The actual mapping changes dependent on
whether the Register File or Memory is addressed
for the transfer. The offsets are shown in Table 14.

Table 14-1. MFT DMA Address and Counter
Registers for Memory DMA Transfers

POINTER MAP FOR MEMORY DMA

Register File
COMP 0 16 bit | yyyyyy 11 () | INCREA-

ADDRESS G
POINTER | YYyyyy 10 (h) | PRIORITY

CAPT 016 bit | yyyyyy 01 ()

ADDRESS
POINTER | Yyyyyy 00 (h)

Address
Pointers

DMA COI\/:P6 gi?MA XXxxxx 11 (1)
COUNTERS| counten
CAPT 0 DMA
16 bit
COUNTER

xxxxxx 10 (h)

XXXXXX 01 (I)
XXXXxX 00 (n)

yyyyyy
XXXXXX

USER PROGRAMMABLE
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Table 14-2. MFT DMA Address and Counter
Registers for Register File DMA Transfers

POINTERS FOR REGISTER FILE DMA
8 Bit COUNTER | xxxxxx 11
8 bit ADDR. XXXXxX 10 COMPARE 0
POINTER
8 bit COUNTER | XXXXxX 01 CAPTURE 0
8 bit ADDR.
POINTER XXXXxX 00
XXXXXX USER PROGRAMMABLE

After the .transfer of the complete block of data
to/from the MFT, the count registers reach the zero
value and an end of block interrupt occurs so that
the ST9 may process the new data. In many cases,
the time taken to reload the data tables and to
re-trigger the DMA action causes speed limitations,
especially in those applications requiring a continu-
ous high speed data flow, because of the time

Figure 41. Multifunction Timer Page Maps

consumed by the restore routine. An additional
DMA function, the SWAP mode, overcomes this
limitation. This is enabled by the setting of the
SWEN (IDCR.3) bit.

This causes hardware generated signals to replace
the user address bit 2 of both the address and
counter pointers. The address and counter regis-
ters are thus duplicated at an offset of 4 registers.
At the End Of Block condition, the EOB interrupt is
generated to signal the end of DMA, and the state
of pointer address bit 2 toggles state automatically
and the new address and count values are used.
Thus the ST9 can safely process the previous block
of data while the new block is being transferred.
This will continue until the SWAP mode is disabled.
A software protection scheme is implemented to
prevent non-updated pointer registers from being
used if a second EOB interrupt arrives during the
servicing of the first. This mechanism locks the state
of the DMA mask bit to prevent further transfers
from taking place. The user should check for this
condition in the EOB routine to ensure that all the
DMA transfers are properly serviced.

The control Registers of each MFT occupies 20
registers within the 1/O paged area. These are
mapped as shown in Figure 41:

In addition the MFT is able to trigger byte DMA
transfers in both directions through an 1/0 port with
Handshake (see /0 Handshake and DMA).

RFF
MFT 0 MFT 1
CONFIGURATION CONFIGURATION
REGISTERS REGISTERS
RES IOCR
RF7
16 bit 16 bit
COMPARE REGISTER MET 1 COMPARE REGISTER
RF6
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