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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 prop- ably be expected to cause the failure of the life support
erly 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

ST9 APPLICATION TAILORED MCU

The ST9 family of 8/16 bit Microcontrollers (MCUs) was designed after the requirements of the most advanced
applications in computer, consumer, telecom, industrial and automotive Segments.

Processed with the same proprietary CMOS EPROM and EEPROM technologies that have established SGS-
THOMSON as a world leading supplier of non-volatile memories, the ST9 provides high speed computing with
reduced power consumption.

Builtaround a high performance, register based core, the ST9 family offers different program and data memory
sizes and a wide rande of on-chip peripherals to meet the needs of most systems.

Time to market is minimized with ST9’s well defined, socket compatible, evolution path, from application evalu-
ation with EPROMs, to prototyping using OTPs, up to the high volume production using cost effective ROM
versions.

All standard ST9 devices include a Serial Peripheral Interface, a Watchdog Timer to ensure system integrity
against externally generated malfunctions, bit configurable I/Os, prioritizable Interrupts for real-time data han-
dling, and DMA for fast data transfers with handshake (HSHK).

In addition ST9 family variants include up to three Multi-Function Timers, two Serial Communication Interfaces
(SCl), an Analog to Digital converter (A/D) and On-Screen Display and Data-Slicer for TV control.

REGISTER BASED ARCHITECTURE

The Register based architecture provides more efficient data handling and reduced code size compared to an
accumulator based MCU. It also provides the capability for fast context switching.

224 of the 256 8-bit Registers in the ST9 Register File are available as accumulators, index registers, or stack pointers
and can be cascaded to perform allthese functions as 16-bit registers. The remaining registers are dedicated to system
and peripheral control.

This architecture is common to all ST9 devices.

FLEXIBLE I/O

The flexibility of the ST9 I/O pins allow designers to match the MCU to the application, and not the application
to the MCU.

Most 1/Os can be individually programmed as input (TTL or CMOS thresholds), output (open-drain or push-
pull), bidirectional, or as the Alternate Function of a peripheral, such as a Timer or an A/D Converter.
COMPREHENSIVE SCI

Serial communication is easily implemented, using formats and facilities offered by the ST9 Serial Communi-
cation Interface.

| MEMORY BUS STANDARD DEDICATED
t PERIPHERALS PERIPHERALS
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INTRODUCTION

This peripheral provide full flexibility in character format (5,6,7,8 databits), odd, even or no parity, address bit,
1, 1.5, or 2 stop bits in asynchronous mode, and an integral baud rate generator allowing communication at up
to 370k baud in asynchronous mode or 1.5Mbyte/s in synchronous mode.

Industrial, telecom and communication systems users can furthermore benefit from the self-test and address
bit wake-up facility offered by the character search mode.

FAST A/D WITH ANALOG WATCHDOG

Upto 8 analog input voltages can be sequentially converted by the Analog to Digital converter including on-chip
sample and hold.

The 11us conversion time, and the possibility to trigger conversions either by the on-chip timers, or by external
sources, allows real time processing of analog data.

CPU loading is also reduced by the analog watchdog on two channels, the peripheral interrupts the ST9 when
the analog input voltage moves out of a preset threshold window.

UNIVERSAL SPI

Auniversal Serial Peripheral Interface, providing basic 1?C-bus, Microwire-Bus and S-BUS functionality, allows
efficient communication with low-cost external peripherals or serial access memories such as EEPROMs.
MULTI-FUNCTION TIMERS

The 16 bit up/down counter operating in 13 modes gives the ST9 Multi-function Timer the possibility to cover
most application timing requirements.

Two input pins, programmable as external clock, gate or trigger, allow 16 modes of operation, including auto-
discrimination of the direction of externally generated signals.

Pulse Width Generation can easily be implemented, using the overflow/underflow signal and the two 16 bit
comparison registers, each of them able to independently set, reset, toggle or ignore two output bits.

The Multifunction Timer outputs may also generate interrupts for system scheduling, and trigger DMA trans-
actions of a data byte to or from a data table in memory through an I/O Port with handshake.

ST90E40

£’—' SGS-THOMSON

= MICROELECTRONICS
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INTRODUCTION

ON-SCREEN DISPLAY

Interactive information display for television control is easily implemented with the powerful ST9 On-Screen
Display. With up to 34 characters in 15 rows, and colour, italic, underline, flash, tranparent and fringe options,
the 128 character set can be adapted for all needs.

DATA-SLICER

Closed Caption Data can be easily extracted from the video signal with the ST9 Data Slicer. When used in
conjunction with the ST9 On-Screen Display, a powerful TV controller can be achieved with the minimum of
components.

POWERFUL INSTRUCTION SET

The ST9 has 14 addressing modes and instructions (including multiply, divide, table search and block move)
to cover all data manipulation needs, bit, byte and word, at the speed required by even the most demanding
control application.

Its instruction set was conceived to facilitate the software designer’s task, and to improve programming efficiency.
FULL DEVELOPMENT SUPPORT

ST9 Development Tools are designed for application development efficiency.

A high level macro assembler (with IF/THEN, DO/WHILE, SYSTEM/CASE, PROCedure C language con-
structs in the assembler) is available, as well as an incremental linker able to link up to 16 Mbytes of program

and data, a library maintainer for archiving common software routines and Software Simulation of the code
execution, allowing off-line code development and timing analysis.

The validated ANSI standard C Compiler generates optimised code for the ST9. In addition a GNU C cross-
compiler and Linker allows development support under the Microsoft Windows 3™ environment.

Cost effective emulation is provided either through a software module running on standard PCs, or with the
ST9 Starter Kit, offering hardware emulation capability.

Full real time hardware emulation is provided by the ST9-HDS system.

14
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ST9 FAMILY OVERVIEW

All devices have 256 byte Register File with 224 General Purpose Registers (Accumulators/RAM), TWD and SPI Peripherals.

EPROM
DEVICE ROM OoTP ROM®" RAM EEPROM | MFT | SCI | A/D | BSS | MAX [HSHK
x8 x8 x8 x8 Inputs 110
ST9026 16K 256 1 1 40 1
ST9027 16K 256 1 1 32 1
ST9028 16K 256 1 1 36 1
ST90E26 16K 256 1 1 40 1
ST90E27 16K 256 1 1 32 1
ST90E28 16K 256 1 1 36 1
ST90T26 16K 256 1 1 40 1
ST90T27 16K™ 256 1 1 32 1
ST90T28 16K 256 1 1 36 1
ST90R26 - - 256 1 1 32 1
$T9030 8K 2 1 8 56 1
ST9OE30 8K 2 1 8 56 1
ST90T30 sk 2 1 8 56 1
ST90R30 - - 2 1 8 40 1
ST9032 12K - 2 1 8 56 1
ST9036 16K 256 2 1 8 40 1
ST90E36 16K 256 40
ST90T36 16K 256 40
ST9040 16K 256 512 2 1 8 56 1
ST90E40 16K 256 512 2 1 8 56 1
ST90T40 16K™" 256 512 2 1 8 56 1
ST90R40 - 256 512 2 1 8 40 1
ST90R50 - - 3 2 8 1 56 2
ST90R51 - 3 2 8 1 54 2
ST9054 32K 1280 3 2 8 1 72 2
ST90E54 32K 1280 3 2 8 1 72 2
ST90R54 1280 3 2 8 1 72 2
ST9292 24K 384 3@ 41
ST92E92 24K 384 3@ 41
ST92T92 24K 384 3@ 41
ST9293 32K 640 4@ 41
ST92E93 32K 640 4@ 41
ST92T93 32k" 640 4@ 41
Keys :
TWD Timer/Watchdog SCI Serial Communications Interface
SPI Serial Peripheral Interface AD 8 bit 8 channel A/D Converter
MFT Multi-Function Timer BSS Bankswitch logic 16M byte address range
110 In :TLL/CMOS, Out : OD/PP HSHK # Ports with Handshake Capability
Alternate Functional Peripheral
Notes:
1. OTP ROM = One Time Programmable
2. 6 bit A/D Converter
‘_ SGS-THOMSON
7 » MICROBLECTRONICS
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ST9 FAMILY OVERVIEW

DEVICE OTHER PACKAGE (Operating temperature) PAGE
FEATURES
DIP LCC QFP
ST9026 P48 (1,6) 9
ST9027 P40 (1,6) 9
ST9028 P44 (1,6) 9
ST90E26 C48W (1) 11
ST90E27 C40W (1) 11
STO0E28 C44W (1) 11
ST90T26 P48  (6) 11
ST90T27 P40  (6) 11
ST90T28 P44 (6) 11
ST90R26 P48 (6) 13
ST9030 P68  (1,6) P80 (1) 15
ST90E30 C68W (1) C80W (1) 17
ST90T30 P68  (6) P80 (1) 17
ST90R30 P68  (6) 19
ST9032 P68  (1,6) P80 (1) 21
ST9036 P68  (1,6) P80 (1) 23
ST90E36 Ce8W (1) C80W (1) 25
ST90T36 P68 (6) P80 (1) 25
ST9040 P68  (1,6) P80 (1) 27
ST90E40 C68W (1) C8OW (1) 29
ST90T40 P68  (6) P80 (1) 29
ST90R40 P68  (6) 31
ST90R50 P84  (6) 33
ST90R51 P80 (1) 35
ST9054 P84  (1,6) 37
ST90E54 C84W (1) 39
ST90R54 P84  (6) 41
ST9292 OSD, STM, | PS42 (1) 43
ST92E92 DSL, PWM | CS42W (1) 45
ST92T92 PS42 (1) 45
ST9293 PS42 (1) 47
ST92E93 OSD, STM | CS42W (1) 49
ST92T93 PS42 (1) 49
Keys :
OSD On Screen Display Pxx Plastic Package
STM Slice Timer PSxx Plastic Shrink DIP Package
DSL Data Slicer extracting Closed Caption Data CxxW Ceramic Package with window
PWM Pulse Width Modulation outputs CSxxW  Ceramic Shrink DIP Package with window

Temperature Ranges :
(1)One version available, 0 to +70°C

(6)One version available, -40 to+85°C

(1,6)Two versions available, 0 to +70°C and -40 to+85°C

18
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‘ SGS-THOMSON
Y. ‘iicroELECTRONIGS ST9026,ST9027,ST9028

16K ROM HCMOS MCUs WITH RAM

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

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

16K bytes of ROM,
256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File) PLCC44

= 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

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

= Up to 40 fully programmable 1/O pins

= Up to 8 external plus 1 non-maskable interrupts

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

PDIP40

16-bit Multifunction Timer, with an 8-bit prescaler
and 13 operating modes

Serial Communications Interface with asynchro-
nous and synchronous capability

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

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

Real Time Operating System

PDIP48

Windowed and One Time Programmable EPROM
parts available for prototyping and pre-produc-

’ (Ordering Information at the end of the Datasheet)
tion development phases

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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$T9026,27,28

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 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 16K bytes of on-chip ROM, microcontrollers
able to manage external memory, or as parallel proc-
essing elements in a system with other processors
and peripheral controllers.

The nucleus 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
Prescal%r, a Serial Peripheral Interface supporting
S-bus, 1°C-bus and IM-bus Interface, plus two 8 bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

Figure 1. ST902X Block Diagram

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST902X
with up to 40 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 8 bit I/O
Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, an ad-
dress/data bus for interfacing external memory,
timer inputs and outputs, external interrupts and se-
rial or parallel I/O with or without handshake.

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

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

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

16-Bit TIMER / WATCHDOG + SPI

16k Bytes 256 Bytes 256 Bytes
ROM RAM REGISTER FILE CPU
[ MEMORY BUS
FaN 0 -
[ REGISTER BUS ]
1/0 PORT 0 1/0 PORT 1 1/O PORT 2 scl | 1o porT 3 || 1 ¥ 16-bit TIMER /O PORT 5
( Address/Data ) ( Address ) (SPI) WITH DMA WITH DMA WITH HANDSHAKE

==

VR001373

‘ﬁ' SGS-THOMSON

» MICROELECTRONICS
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[7-1' SGS-THOMSON

e MICROELECTRONICS

ST90E26,E27,E28
ST90T26,T27,T28

16K EPROM HCMOS MCUs WITH RAM

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

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

16K bytes of EPROM or OTP ROM

256 bytes of RAM,

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

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

40-pin Window Dual in Line Ceramic Multilayer
package for STO0E27

44-lead Window Ceramic Leaded Chip Carrier
package for STO0E28

48-pin Dual in Line Plastic package for ST90T26
40-pin Dual in Line Plastic package for ST90T27

44-lead Plastic Leaded Chip Carrier package for
ST90T28

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

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

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

16-bit Multifunction Timer, with an 8-bit prescaler
and 13 operating modes

Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

Real Time Operating System
Compatible with ST9026/27/28 16K ROM device
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ST90E26,E27,E28 - ST90T26,T27,T28

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 Mi-
croelectronics using a proprietary n-well HCMOS
process.

The EPROM ST90E2X can be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 16K bytes of on-chip ROM, microcontrollers
able to manage externalmemory, or as parallel proc-
essing elements in a system with other processors
and peripheral controllers.

The nucleus of the STI90E2X is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-bus, I°C-bus and IM-bus Interface, plus two 8 bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

Figure 1. ST90E2X Block Diagram

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST90E2X
with up to 40 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 8 bit I/O
Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, an ad-
dress/data bus for interfacing external memory,
timer inputs and outputs, external interrupts and se-
rial or parallel I/O with or without handshake.

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

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

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

16k Bytes 256 Bytes 256 Bytes

16-Bit TIMER / WATCHDOG + SPI '

EPROM RAM REGISTER FILE

1

I

CPU ]
I

MEMORY BUS

J

REGISTER BUS

i
j

ol T &

(—
—

I

1/0 PORT 1 SCI

( Address )

/0 PORT 2
(SPI)

170 PORT 0
( Address/Data )

WITH DMA

1 x 16-bit TIMER
WITH DMA

1/0 PORT 5
WITH HANDSHAKE

| vo PORT 3 |+

=
=)
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<7 SGS-THOMSON
Y. (11CROELECTRONIGS ST90R26

ROMLESS HCMOS MCU WITH RAM

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

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

= 256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

Romless to allow maximum external memory ca-
pability

48-lead Plastic Dual in Line package for 1
ST90R26

PDIP48

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

(Ordering Information at the end of the Datasheet)

e To 1= 121 i
ny p-ug-a.umable /O pin

= Up to 8 external plus 1 non-maskable interrupts

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

16-bit Multifunction Timer, with an 8-bit prescaler
and 13 operating modes

Serial Communications Interface with asynchro-
nous and synchronous capability

= Rich Instruction Set and 14 Addressing modes
= Division-by-Zero trap generation
Versatile Development tools, including assembler,

linker, C-compiler, archiver, graphic oriented de-
bugger and hardware emulators

= Real Time Operating System

= Compatible with ST9026 16K ROM device (also
available in windowed and One Time Programmable
EPROM packages

January 1993
This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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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 Microelectronics
using a proprietary n-well HCMOS process.

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

The ROMLESS ST90R26 can be configured as a mi-
crocontroller able to manage external memory, or as
a parallel processing element in a system with other
processors and peripheral controllers.

The nucleus of the ST90R26 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-BUS, I°C-bus and IM-bus Interface, plus memory
interface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful /O capabilities demanded by micro-
controller applications are fulfilled by the ST90R26

Figure 1. ST90R26 Block Diagram

with up to 32 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to four 8 bit I/0
Ports and can be configured on a bit basis under soft-
ware control to provide timing and status signals, ad-
dress lines, timer inputs and outputs, analog inputs,
external interrupts and serial or parallel 1/O with or
without handshake.

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

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 func-
tions by the usage of the two associated DMA chan-
nels.

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

256 Bytes 256 Bytes

16-Bit TIMER / WATCHDOG + SPI

RAM REGISTER FILE

1

CPU

C

MEMORY BUS

]

REGISTER BUS

T ol T T

i i
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{v7 SGS-THOMSON
Y. iicroELECTRONIGS

ST9030

8K ROM HCMOS MCU WITH A/D CONVERTER

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

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

8K bytes of ROM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

= 80-pin Plastic Quad Flat Pack package for
ST9030Q

s 68-lead Plastic Leaded Chip Carrier package for
ST9030C

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

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

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

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

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

Serial Communications Interface with asynchro-
nous and synchronous capability

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

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

» Real Time Operating System
= Windowed and One Time Programmable EPROM

parts available for prototyping and pre-produc-
tion development phases

January 1993

A

PQFP80

PLCC68

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.

25



ST9030

GENERAL DESCRIPTION

The ST9030is ROM member of the ST9 family of mi-
crocontrollers, completely developed and produced
by SGS-THOMSON Microelectronics using a proprie-
tary n-well HCMOS process.

The ROM part is fully compatible with its EPROM
versions, which may be used for the prototyping and
pre-production phases of development, and can be
configured as standalone microcontrollers with 8K
bytes of on-chip ROM, microcontrollers able to man-
age external memory, or as parallel processing ele-
ments in a system with other processors and
peripheral controllers.

The nucleus of the ST9030 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler, a Serial Peripheral Interface supporting
S-BUS, I°C-bus and IM BUS Interface, plus two 8 bit
I/O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful I/O capa-
bilities demanded by microcontroller applications
are fulfilled by the ST9030 with 56 I/O lines dedicated
to digital Input/Output. These lines are grouped into
seven 8 bit /0O Ports and can be configured on a bit

Figure 1. ST9030 Block Diagram

basis under software control to provide timing, status
signals, an address/data bus for interfacing external
memory, timer inputs and outputs, analog inputs, ex-
ternal interrupts and serial or parallel I/O with or with-
out 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 measure-
ment, 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 11us conversion time and 8
bit 1/2 LSB resolution. An Analog Watchdog fea-
ture is included for two input channels.

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

INTO INT7

( Address/Data ) ( Address ) ( SP1) ( TIMERS )

8k Bytes 256 Bytes 16-Bit TIMER / WATCHDOG: + SP1I scl 1/0 PORT 7
ROM REGISTER FILE CPU WITH DMA (scr)
[ MEMORY BUS ] ‘ ’ W M
] h2
[ REGISTER BUS - ]
1/0 PORT 0 170 PORT 1| | /0 PORT 2| | 10 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 A/D 1/0 PORT 5

WITH DMA

( Analog Inputs ) CONVERTER WITH HANDSHAKE

8|

VROC1385

AV, AV,

Gi SGS-THOMSON

» MICROELECTRONICS
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:7"— SGS-THOMSON

o MICROELECTRONICS

ST90E30
ST90T30

8K EPROM HCMOS MCUs WITH A/D CONVERTER

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

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

8K bytes of EPROM or OTP'ROM
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

80-pin Plastic Quad Flat Pack package for
ST90T30Q

68-lead Plastic Leaded Chip Carrier package for
ST90T30C

80-pin Window Ceramic Quad Flat Pack pack-
age for ST90E30G

68-lead Window Ceramic Leaded Chip Carrier
package for ST9OE30L

MAAA ~~mdrallar "
DMA controller, Int

ripheral Interface a:
Up to 56 fully programmable 1/O pins
Up to 8 external plus 1 non-maskable interrupts

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

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

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

Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

Real Time Operating System
Compatible with ST9030 8K ROM device

January 1993

PLCC68

CQFP8OW

cLCCe8W

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90E30 - ST90T30

GENERAL DESCRIPTION

The ST90E30 and ST90T30 (following mentioned
as ST90E30) are EPROM members of the ST9 fam-
ily of microcontrollers, in windowed ceramic (E) and
plastic OTP (T) packages respectively, completely
developed and produced by SGS-THOMSON Mi-
croelectronics using a proprietary n-well HCMOS
process.

The EPROM ST90E30 may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 8K bytes of on-chip ROM, microcontrollers able to
manage external memory, or as parallel processing
elements in a system with other processors and pe-
ripheral controllers.

The nucleus of the ST90E30 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-BUS, I°C Bus and IM BUS Interface, plus two 8 bit
1/0O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful 1/0 capabilities demanded by micro-
controller applications are fulfilled by the ST90E30
with up to 56 1/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to seven 8 bit I/O

Figure 1. ST90E30 Block Diagram

Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, an ad-
dress/data bus for interfacing external memory,
timer inputs and outputs, analog inputs, external in-
terrupts and serial or parallel 1/0 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 measure-
ment, 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 Con-
verter with integral sample and hold, fast 11us conver-
sion time and 8 bit resolution. An Analog Watchdog
feature is included for two input channels.

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

£’l® MICROELECTRONICS

ST90R30

ROMLESS HCMOS MCU WITH A/D CONVERTER

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

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

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

Romless to allow maximum external memory ca-
pability

68-lead Plastic Leaded Chip Carrier package

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

40 fully programmabile 1/O pins
Up to 8 external plus 1 non-maskable interrupts

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

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

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

Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

Real Time Operating System

Compatible with ST9030 8K ROM device (also

available in windowed and One Time Programma-
ble EPROM packages)

January 1993

ADVANCE DATA

PLCC68

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90R30

GENERAL DESCRIPTION

The ST90R30 is a ROMLESS member of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectronics
using a proprietary n-well HCMOS process.

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

The ROMLESS ST90R30 can be configured as ami-
crocontroller able to manage external memory, or as
a parallel processing element in a system with other
processors and peripheral controllers.

The nucleus of the ST90R30 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-BUS, I°C-bus and IM-bus Interface, plus memory
interface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST90R30
with up to 40 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 8 bit I/O

Figure 1. ST90R30 Block Diagram

Ports and can be configured on a bit basis under soft-
ware control to provide timing and status signals,
timer inputs and outputs, analog inputs, external in-
terrupts and serial or parallel I/O with or without
handshake.

Three memory spaces are available: Program Mem-
ory (external), Data Memory (external) and the Reg-
ister 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 measure-
ment, 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 11us
conversion time and 8 bit resolution. An Analog
Watchdog feature is included for two input channels.

Completing the device is a full duplex Serial Commu-
nications Interface with an integral 110 to 375000
baud rate generator, asynchronous and 1.5Mbyte/s
synchronous capability (fully programmable format)
and associated address/wake-up option, plus two
DMA channels.
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c_ SGS-THOMSON
7. 1i1cROELEGTRONICS ST9032

12K ROM HCMOS MCU WITH
A/D CONVERTER

PRELIMINARY DATA

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

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

= 12K bytes of ROM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

» 80-pin Plastic Quad Flat Pack package for PQFP80

§T9032Q

68-lead Plastic Leaded Chip Carrier package for
ST9032C

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

Up to 56 fully programmable 1/O pins

PLCC68

= Up to 8 external plus 1 non-maskable interrupts

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

. T_wo 16 bit Multifunction Timers, each with an 8
bit prescaler and 13 operating modes (Ordering Information at the end of the Datasheet)

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

s Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

» Real Time Operating System

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

Upward compatible with ST9030

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information. 31



ST9032

GENERAL DESCRIPTION

The ST9032 device 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 12K bytes of on-chip ROM, microcontrollers
able to manage external memory, or as parallel proc-
essing elements in a system with other processors
and peripheral controllers.

The nucleus of the ST9032 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-BUS, I°C Bus and IM BUS Interface, plus two 8 bit
1/O ports. The Core has |ndependent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful I/O capa-
bilities demanded by microcontroller applications
are fulfilled by the ST9032 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

Figure 1. ST9032 Block Diagram

provide timing, status signals, an address/data bus
for interfacing external memory, timer inputs and
outputs, analog inputs, external interrupts and serial
or parallel /0 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 measure-
ment, 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 11us conversion time and 8
bit LSB resolution. An Analog Watchdog feature is
included for two input channels.

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

INTO  INT7

(=

12k Bytes 256 Bytes

REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI sCl 1/0 PORT 7
CPU WITH DMA

MEMORY BUS

I

i

5 1]
I

FaN
REGISTER BUS |
1/0 PORT 0 110 PORT 1| | /0 PORT 2| | 1/0 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 A/D 1/0 PORT 5
( Address/Data )| | ( Address ) (sPl) (TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE

L0 0 3

o

VROF1385

‘7_1 SGS-THOMSON

o MICROELECTRONICS

32



Lvy SGS-THOMSON
Y. iicroELECTROMICS ST9036

16K ROM HCMOS MCU WITH RAM
AND A/D CONVERTER

PRELIMINARY DATA

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

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

s 16K bytes of ROM,
256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File) PQFPS0

= 80-pin Plastic Quad Flat Pack package for
ST9036Q

68-lead Plastic Leaded Chip Carrier package for
ST9036C

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

Up to 72 fully programmable 1/O pins

PLCC68
= Up to 8 external plus 1 non-maskable interrupts
= 16 bit Timer with 8 bit Prescaler, able to be used
as a Watchdog Timer .
= Two 16 bit Multifunction Timers, each with an 8 ) )
bit prescaler and 13 operating modes (Ordering Information at the end of the Datasheet)

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

» Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

Real Time Operating System

Windowed and One Time Programmable EPROM
parts available for prototyping and pre-produc-
tion development phases

» Upward compatible with ST9030 and ST9032

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST9036

GENERAL DESCRIPTION

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

The ROM device is fully compatible with the EPROM
version (ST90E36), which may be used for the pro-
totyping and pre-production phases of development,
and can be configured as: a standalone microcon-
troller with 16K bytes of on-chip ROM, a microcon-
troller able to manage external memory, or as a
parallel processing element in a system with other
processors and peripheral controllers.

The nucleus of the ST9036 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescalgr, a Serial Peripheral Interface supporting

-bus, 1“C-bus and IM-bus Interface, plus two 8 bit
1/0O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST9036
with up to 56 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to seven 8 bit
1/0 Ports and can be configured on a bit basis under

software control to nrovide timina | status siaonals, an
soniware contre: 10 provice tming, status signhais, ar

address/data bus for interfacing external memory,

Figure 1. ST9036 Block Diagram

timer inputs and outputs, analog inputs, external in-
terrupts and serial or parallel /0 with or without
handshake.

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

Two 16 bit MultiFunction Timers, each with an 8 bit
Prescaier and 13 operating modes allow simple use
for complex waveform generation and measure-
ment, 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 Con-
verter with integral sample and hold, fast 11us conver-
sion time and 8 bit resolution. An Analog Watchdog
feature is included for two input channels.

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

INTO  INT7
16k Bytes 256 Bytes 256 Bytes 16-Bit TIMER / WATCHDOG + SPI I scl 1/0 PORT 7
ROM RAM REGISTER FILE CPU i WITH DMA (SCl)
L MEMORY BUS | ) ' H ‘ \
Pa
[ REGISTER BUS
1/0 PORT 0 110 PORT 1| | /10 PORT 2| | 1/0 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 A/D 1/0 PORT §
( Address/Data ) ( Address ) (SP1) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
AV, AV,
VROH1385
r’l SGS-THOMSON
» MICROELECTRONICS
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ST90E36
ST90T36

16K EPROM HCMOS WITH RAM

AND A/D CONVERTER

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

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

= 16K bytes of EPROM or OTP ROM,
256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

= 80-pin Plastic Quad Flat Pack package for
ST90T36Q

= 80-pin Window Ceramic Quad Flat Pack pack-
age for ST90E36G

68-lead Plastic Leaded Chip Carrier package for
ST90T36C

68-lead Window Ceramic Leaded Chip Carrier
package for STO0E36L

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

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

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

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

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

= Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

= Real Time Operating System
= Compatible with ST9036 16K ROM device

January 1993

PRELIMINARY DATA

PLCC68

CLCCeswW

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90E36 - STI0T36

GENERAL DESCRIPTION

The ST90E36 and ST90T36 (following mentioned
as ST90E36) are EPROM and OTP members of the

STQ family of microcontrollers, in windowed ceramic
(E) and plastic OTP (T) packages respectively, com-
pletely developed and produced by SGS-THOM-
SON Microelectronics using a proprietary n-well

HCMOS process.

The EPROM ST90E36 may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 16K bytes of on-chip ROM, microcontrollers able
to manage externai memory, or as paraliei processing
elements in a system with other processors and pe-
ripheral controllers.

The nucleus of the STI0E36 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler, a Serial Peripheral Interface supporting
S-BUS, I°C Bus and IM BUS Interface, plus two 8 bit
I/O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST90E36
with up to 56 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to seven 8 bit I/O

Figure 1. ST90E36 Block Diagram

Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, an ad-

dress/data bus for interfacing external memory,

timer inputs and outputs, analog inputs, external in-
terrupts and serial or parallel /0 with or without
handshake.

Three memory spaces are available: Program Mem-
ory (internal and external), Data Memory (internal and
external) andthe Register File, which includes the con-
trol 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 measure-
ment, 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 Con-
verter with integral sample and hold, fast 11us conver-
sion time and 8 bit resolution. An Analog Watchdog
feature is included for two input channels.

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

INTO INT7

| |

(=

16k Bytes 256 Bytes
EPROM RAM

256 Bytes
REGISTER FILE

X I
16-Bit TIMER / WATCHDOG + SPI scl /0 PORT 7
C PU WITH DMA (

e

[ MEMORY BUS

l

REGISTER BUS

Tl

(—>
—

I

II{WH
I

110 PORT 0 /0 PORT 1 1/0 PORT 2 1/0 PORT 3

2 x 16-bit TIMER

1/0 PORT 4 A/D 1/0 PORT 5

( Address/Data ) ( Address ) ( SPI) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
; I
AVop AV
VR0G1385
Lvyy SGS-THOMSON
7‘ MICROELECTRONICS
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"_ SGS-THOMSON
Y/ iicRoELECTRONICS ST9040

16K ROM HCMOS MCU WITH EEPROM
RAM AND A/D CONVERTER

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

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

= 16K bytes of ROM,
256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

= 512 bytes EEPROM
= 80-pin PQFP package for ST9040Q
= 68-lead PLCC package for ST9040C

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

Up to 56 fully programmable 1/O pins

Up to 8 external plus 1 non-maskable interrupts

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

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

(Ordering Information at the end of the Datasheet)

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

= Serial Communications Interface with asynchro-
nous and synchronous capability

» Rich Instruction Set and 14 Addressing modes

» Division-by-Zero trap generation

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

Real Time Operating System

Windowed and One Time Programmable EPROM
parts available for prototyping and pre-produc-
tion development phases

« Upward compatible with ST9030, ST9032 and
ST9036

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information. 37



ST9040

GENERAL DESCRIPTION

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

The ROM device is fully compatible with its EPROM
version, which may be used for the prototyping and
pre-production phases of development, and can be
configured as: a standalone microcontroller with 16K
bytes of on-chip ROM, a microcontroller able to man-
age external memory, or as a parallel processing
element in a system with other processors and pe-
rivheral controllers.

The nucleus of the ST9040 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-bus, I°C-bus and IM-bus Interface, plus two 8 bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful I/0 capa-
bilities demanded by microcontroller applications
are fulfilled by the ST9040 with up to 56 I/O lines
dedicated to digital Input/Output. These lines are
grouped into up to seven 8 bit /O Ports and can be
configured on a bit basis under software control to

Figure 1. ST9040 Block Diagram

provide timing, status signals, an address/data bus
for interfacing external memory, timer inputs and
outputs, analog inputs, external interrupts and serial
or parallel I/O with or without handshake.

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

Two 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple use
for complex waveform generation and measure-
ment, 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 11us conversion time and 8 bit
resolution. An Analog Watchdog feature is included
for two input channels.

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

INTO  INT7
16k Bytes 512 Bytes 256 Bytes 256 Bytes 16-Bit TIMER / WATCHDOG + SPI scl 1/0 PORT 7
ROM EEPROM RAM REGISTER FILE CPU WITH DMA (scl)
[ MEMORY BUS H H
FaN m] <~
[ REGISTER BUS
1/0 PORT 0 1/0 PORT 1 /O PORT 2 1/0 PORT 3 2 x 16-bit TIMER /O PORT 4 A/D 1/0 PORT 5
( Address/Data ) ( Address ) (SPI') ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
E AV AVss
VR001385
c— SGS-THOMSON
’I MICROELECTRONICS
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{v7 SGS-THOMSON
Y. iicROELECTRONICS

ST90E40
ST90T40

16K EPROM HCMOS MCU WITH EEPROM,

RAM AND A/D CONVERTER

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

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

» 16K bytes of EPROM or OTP ROM,
256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

a 512 bytes of EEPROM

= 80-pin Plastic Quad Flat Pack package for
ST90T40Q

= 80-pin Window Ceramic Quad Flat Pack pack-
age for ST90E40G

= 68-lead Plastic Leaded Chip Carrier package for
ST90T40C

= 68-lead Window Ceramic Leaded Chip Carrier
package for STO0E40L

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

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

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

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

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

Serial Communications Interface with asynchro-
nous and synchronous capability

= Rich Instruction Set and 14 Addressing modes

= Division-by-Zero trap generation

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

» Real Time Operating System
s Compatible with ST9040 16K ROM device

January 1993

N

PQFP80

PLCC68

CQFP8OW

CLCCeswW

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90E40 - ST90T40

GENERAL DESCRIPTION

The ST90E40 and ST90T40 (following mentioned as
ST90EA40) are EPROM and OTP members of the ST9
family of microcontrollers, in windowed ceramic (E)
and plastic OTP (T) packages respectively, com-
pletely developed and produced by SGS-THOM-
SON Microelectronics using a n-well proprietary
HCMOS process.

The EPROM ST90E40 may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: a standalone microcontroller
with 16K bytes of on-chip ROM, a microcontroller
ableto manage of external memory, or as a paraliei
processing element in a system with other proces-
sors and peripheral controllers.

The nucleus of the ST90E40 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-bus, 1°C-bus and IM-bus Interface, plus two 8 bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful 1/0O capabilities demanded by micro-
controller applications are fulfilled by the ST90E40
with up to 56 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to seven 8 bit 1/O

Figure 1. ST90E40 Block Diagram

Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, an ad-
dress/data bus for interfacing external memory,
timer inputs and outputs, analog inputs, external in-
terrupts and serial or parallel 1/O with or without
handshake.

Three basic memory spaces are available to support
this wide range of configurations: Program Memory
(internal and external), Data Memory (internal and ex-
ternal) and the Register File, whichincludes 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 measure-
ment, 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 11us conversion time and 8 bit
resolution. An Analog Watchdog feature is included
for two input channels.

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

16k Bytes
EPROM

512 Bytes
EEPROM

256 Bytes
RAM

256 Bytes
REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI scl /0 PORT 7

CPU

=
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I
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T 1
I3

(—
(—

I 1

- 1
T 1

10 PORT 0
( Address/Data )

1/0 PORT 1
( Address ) (

1/0 PORT 2 /0 PORT 3

( TIMERS )

2 x 16-bit TIMER
WITH DMA

1/0 PORT 5
WITH HANDSHAKE

A/D
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1/0 PORT 4
( Analog Inputs )

T § 8

=
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ST90R40

ROMLESS HCMOS MCU WITH EEPROM,

RAM AND A/D CONVERTER

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

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

256 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

Romless to allow maximum external memory
capbility

512 bytes EEPROM

68-lead Plastic Leaded Chip Carrier package

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

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

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

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

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

» Serial Communications Interface with asynchro-
nous and synchronous capability

» Rich Instruction Set and 14 Addressing modes

= Division-by-Zero trap generation

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

» Real Time Operating System

= Compatible with ST9040 16K ROM device (also

available in windowed and One Time Programma-
ble EPROM packages)

January 1993

. sl
oot
gt

PLCCE8

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90R40

GENERAL DESCRIPTION

The ST90R40 is a ROMLESS member of the ST9

family of microcontrollers, completely developed
and produced by SGS- TH()MQON Microelectronics

usmg a propnetary n-well HCMOS process.

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

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

The nucleus of the ST90R40 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler a Serial Peripheral Interface supporting
S-BUS, | 2C-bus and IM-bus Interface, plus memory
iinterface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fuffilled by the ST90R40
with up to 40 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five 8 bit I/O

Figure 1. ST90R40 Block Diagram

Ports and can be configured on a bit basis under soft-

ware control to provide timing and status signals,
timer |nn| its and outputs, ;malnn inputs, external in-

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

Three memory spaces are available: Program Mem-
ory (external), Data Memory (external) and the Reg-
ister 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 measure-
ment, 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 11us conversion time and 8 bit
resolution. An Analog Watchdog feature is included
for two input channels.

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

INTO  INT7
512 Bytes 256 Bytes 256 Bytes 16-Bit TIMER / WATCHDOG + SPI SCI /0 PORT 7
EEPROM RAM REGISTER FILE CPU WITH DMA (scl)
MEMORY BUS ] W W W
4
I REGISTER BUS
1/0 PORT 0 10 PORT 1| | o PORT 2| | 110 PORT 3 2 x 16-bit TIMER 1/0 PORT 4 A/D 1/0 PORT &
( Address/Data )| | ( Address ) (SPI) ( TIMERS ) WITH DMA ( Analog Inputs ) CONVERTER WITH HANDSHAKE
I I I AVgy AV,
VROB1385
‘ SGS-THOMSON
’L MICROELECTRONICS
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Ly SGS-THOMSON
Y/, ricRoELECTRONICS ST90R50

ROMLESS HCMOS MCU WITH BANKSWITCH
AND A/D CONVERTER

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

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

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

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

Bankswitch logic allowing a maximum address- PLCC84
ing capability of 8Mbytes for Program and
Dataspace (16Mbytes total)

84-pin Plastic Leaded Chip Carrier package (Ordering Information at the end of the Datasheet)

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

56 fully programmabile 1/O pins

Up to 8 external plus 1 non-maskable interrupts

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

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

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

Two Serial Communications Interface with asyn-
chronous and synchronous capability

Rich'instruction Set and 14 Addressing modes

Division-by-Zero trap generation

\/arcatila Na nmant toale in
vEisauc UUVUIUPI et CaIS, i

I
linker, C-compiler, archiver, graphic
bugger and hardware emulators

n
Ve

» Real Time Operating System

= Compatible with ST9054, 32K ROM device (also
available in windowed and one time programma-
ble EPROM packages)

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information. 43



ST90R50

GENERAL DESCRIPTION

The ST90R50 is a ROMLESS member of the ST9
family of microcontrollers, completely developed
and produced by SGS-THOMSON Microelectronics
using a proprietary n-well HCMOS process.

The ROMLESS part may be used for the prototyping
and pre-production phases of development, and of-
fers the maximum in program flexibility in production
systems with its 16M byte addressing space when
using the Bankswitch memory expansion.

The nucleus of the STI0R50 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescal%r, a Serial Peripheral Interface supporting
S-bus, 1“C-bus and IM-bus Interface, plus memory
interface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the STO90R50
with up to 56 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to nine 8 bit I/O

Figure 1. ST90R50 Block Diagram

Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, timer
inputs and outputs, external interrupts and serial or
parallel I/O with or without handshake.

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

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

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

(=

16-Bit TIMER / WATCHDOG + SPI

256 Bytes 2 x SCI /0 PORT 9 1/0 PORT 8 3 x 16-bit TIMER I/0 PORT 5
REGISTER FILE C WITH DMA ( SCls ) ( TIMERs ) WITH DMA ( TIMERs )
[ MEMORY BUS U I M M
> £84 ﬂ
[ REGISTER BUS ]
110 PORT 0 1/0 PORT 1 110 PORT 6 1/0 PORT 2 1/0 PORT 7 A/D
( Address/Data ) ( Address AB..A15 )| |( Address A0..A7 ) ( BANK SWITCH ) VO PORT 4 ( Analog Inputs ) CONVERTER

g I I

=

i
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ST90R51

ROMLESS HCMOS MCU WITH BANKSWITCH

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

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

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

Romless to allow maximum external memory ca-
pability

Bankswitch logic allowing a maximum address-
ing capability of 8Mbytes for Program and
Dataspace (16Mbytes total)

80-pin Plastic Quad Flat Pack package

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

54 fully programmable I/O pins
Up to 8 external plus 1 non-maskablé interrupts

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

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

Two Serial Communications Interface with asyn-
chronous and synchronous capability

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

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

Real Time Operating System

January 1993

PRELIMINARY DATA

PQFP80

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90R51

GENERAL DESCRIPTION

The ST90R51 is a Romless member of the ST9 fam-
ily of microcontrollers, completely developed and
produced by SGS-THOMSON Microelectronics us-
ing a proprietary n-well HCMOS process.

The Romless part may be used for the prototyping
and pre-production phases of development, and of-
fers the maximum in program flexibility

The nucleus of the ST90R51 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescalgr a Serial Peripheral Interface supporting
S-bus, i“C-bus and iM-bus Interface, pius memory
interface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful I/O capa-
bilities demanded by microcontroller applications
are fulfilled by the ST90R51 with up to 54 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, timer inputs and out-
puts, analog inputs, external interrupts and serial or
parallel I/O with or without handshake.

Three basic memory spaces are available to support

Figure 1. ST90R51 Block Diagram

this wide range of configurations: Program Memory
, Data Memory and the internal Register File, which
includes the control and status registers of the on-
chip peripherals.

Three 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple use
for complex waveform generation and measure-
ment, 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 11us conversion time and 8 hit
resolution. An Analog Watchdog feature is included
for two input channels.

Completing the device are 2 full duplex Serial Com-
munications Interfaces with an integral 110 to
375,000 baud rate generator, asynchronous and
1.5Mbyte/s synchronous capability (fully programm-
able format) and associated address/wake-up op-
tion, plus two DMA channels.
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110 PORT 1
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/0 PORT 2
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32K ROM HCMOS MCU WITH BANKSWITCH
AND A/D CONVERTER

PRELIMINARY DATA

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

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

= 32K bytes of ROM,
1280 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

= Bankswitch logic allowing a maximum address-
ing capability of 8Mbytes for Program and PLCC84
Dataspace (16Mbytes total)

84-pin Plastic Leaded Chip Carrier package (Ordering Information at the end of the Datasheet)

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

Up to 72 fully programmable I/O pins

lints Q
Up it o

[ ]

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

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

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

» Two Serial Communications Interface with asyn-
chronous and synchronous capability

= Rich Instruction Set and 14 Addressing modes

= Division-by-Zero trap generation

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

= Real Time Operating System

= Windowed and One Time Programmable EPROM

parts available for prototyping and pre-produc-
tion development phases

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information. 47



ST9054

GENERAL DESCRIPTION

The ST9054 is a ROM member of the ST9 family of
microcontrollers, completely developed and pro-
duced by SGS-THOMSON Microelectronics using a
proprietary n-well HCMOS process.

The ROM part is fully compatible with its EPROM
versions, which may be used for the prototyping and
pre-production phases of development, and can be
configured as: standalone microcontrollers with 32K
bytes of on-chip ROM, microcontrollers able to man-
age external memory (16M byte with the Bankswitch
logic), or as parallel processing elements in a system

The nucleus of the ST9054 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaler, a Serial Peripheral Interface supporting
S-bus, 1°C-bus and IM-bus Interface, plus two 8 bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST9054
with up to 72 1/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to nine 8 bit I/O
Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, ad-

Figure 1. ST9054 Block Diagram

dress and data buses for interfacing external mem-
ory, timerinputs and outputs, analog inputs, external
interrupts and serial or parallel /0O with or without
handshake.

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

Three 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating medes allow simple use
for complex waveform generation and measure-
ment, 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 11us
conversion time and 8 bit resolution. An Analog
Watchdog feature is included for two input channels.

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

=

=

256 Bytes 16-Bit TIMER | WATCHDOG + SPI l 1280 Bytes | | 32K Bytes 1/0 PORT 4 Vo PORT & | ] b|13 TXIMER ] /O PORTS
REGISTER FILE RAM ( TIMERSs ) ) ( TIMERSs
CpPU 1 WITH DMA !
[ MEMORY BUS | H ' l H H
<z M L
[ REGISTER BUS l
1/0 PORT 0 110 PORT 1 110 PORT 6 110 PORT 2 worort7 || a/D 2xSCl || Vo PoRT 9
( Address/Data )| || Address A8.A15 )| |( Address A0.A7 )| |( BANK SWITCH )| |( Analog Inputs )| | CONVERTER WITH DMA (sCls )
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32K EPROM HCMOS MCU WITH BANKSWITCH
AND A/D CONVERTER

PRELIMINARY DATA

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

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

s 32K bytes of EPROM
1280 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

Bankswitch logic allowing a maximum address-
ing capability of 8Mbytes for Program and
Dataspace (16Mbytes total)

84-pin Window Ceramic Leaded Chip Carrier
package

(Ordering Information at the end of the Datasheet)

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

Up to 72 fully programmable 1/O pins

= Up to 8 external plus 1 non-maskable interrupts

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

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

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

Two Serial Communications Interface with asyn-
chronous and synchronous capability

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

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

= Real Time Operating System

» Compatible with ST9054 32K ROM device

January 1993

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90E54

GENERAL DESCRIPTION

The ST90E54 is an EPROM member of the ST family
of microcontrollers, in windowed ceramic package ,
completely developed and produced by SGS-THOM-
SON Microeiecironics using a propiietary n-well
HCMOS process.

The EPROM ST90E54 may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 32K bytes of on-chip EPROM, microcontrollers
able to manage external memory (16M byte with the
Bankswitch logic), or as parallel processing elements
in a system with other processors and peripheral con-
trollers.

The nucleus of the STI0E54 is the advanced Core
which includes the Central Processing Unit (CPU), the
Register File, a 16 bit Timer/Watchdog with 8 bit Pres-
caler a Serial Peripheral Interface supporting S-bus,

[°C-bus and IM-bus Interface, plus two 8 bit I/O ports.

The Core has independent memory and register
buses allowing a high degree of pipelining to add to the
efficiency of the code execution speed of the extensive
instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST90E54
with up to 72 1/0O lines dedicated to digital Input/Out-
put. These lines are grouped into up to nine 8 bit /O
Ports and can be configured on a bit basis under soft-

Figure 1. ST90E54 Block Diagram

ware control to provide timing, status signals, ad-
dress and data buses for interfacing external mem-
ory, tlmerinputs and outputs analoginputs external
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handshake.

Three basic memory spaces are available to support
this wide range of configurations: Program Memory
(internal and external), Data Memory (internal and
external) and the Register File, which includes the
c?ntro! and status registers of the on-chip peripher-
als.

Three 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple use
for complex waveform generation and measure-
ment, 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 Con-
verter with integral sample and hold, fast 11us conver-
sion time and 8 bit resolution. An Analog Watchdog
feature is included for two input channels.

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

256 Bytes 16-Bit TIMER / WATCHDOG + SPI 1280 Bytes 32K Bytes /O PORT 4 /O PORT 8 . bf:iMEH N /O PORT 5

REGISTER FILE RAM EPROM ( TIMERS ) 0‘ o ( TIMERSs )
WITH DMA
MEMORY BUS | H 1 l H } 1
] L0 ]
r REGISTER BUS ]

1/0 PORT 0 1/0 PORT 1 1/0 PORT 6 1/0 PORT 2 V0 PORT 7 || A/D 2 x SCI 1/0 PORT 9

( Address/Data )| | Address A8.A15 )| |( Address A0..A7 ) ( BANK SWITCH ) ( Analog Inputs ) CONVERTER WITH DMA ( SCls )

)
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Y. riicRoELECTRONICS ST90R54

ROMLESS HCMOS MCU WITH BANKSWITCH
AND A/D CONVERTER

PRELIMINARY DATA

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

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

1280 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

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

“y
PLCC84
Bankswitch logic allowing a maximum address-
ing capability of 8Mbytes for Program and
Dataspace (16Mbytes total)

(Ordering Information at the end of the Datasheet)

84-pin Plastic Leaded Chip Carrier package

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

= Up to 8 external plus 1 non-maskable interrupts

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

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

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

Two Serial Communications Interface with asyn-
chronous and synchronous capability

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

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

Real Time Operating System

Compatible with ST9054, 32K ROM device (also
available in windowed EPROM packages)

January 1993
This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST90R54

GENERAL DESCRIPTION

The ST90R54 is a ROMLESS member of the ST9
family of microcontrollers, completely developed

usmg a proprletary n-weII HCMOS process.

The ROMLESS part may be used for the prototyping
and pre-production phases of development, and of-
fers the maximum in program flexibility in production
systems with its 16M byte addressing space when
using the Bankswitch memory expansion.

The nucleus of the ST90R54 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8 bit
Prescaleé\r a Serial Peripheral Interface supporting
S-bus, I°C-bus and IM-bus Interface, plus memory
interface. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful /O capabilities demanded by micro-
controller applications are fulfilled by the ST90R54
with up to 56 1/O lines dedicated to digital Input/Out-
put. These lines are groupedinto up to seven 8 bit /O
Ports and can be configured on a bit basis under soft-
ware control to provide timing, status signals, timer

Figure 1. ST90R54 Block Diagram

inputs and outputs, analog inputs, externalinterrupts
and serial or paralle! I/O with or without handshake.
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this wide range of configurations: Program Memory
(external), Data Memory (external) and the Register
File, which includes the control and status registers
of the on-chip peripherals.

Three 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple use
for complex waveform generation and measure-
ment, 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 11us
conversion time and 8 bit resolution. An Analog
Watchdog feature is included for two input channels.

Completing the device are two full duplex Serial Com-
munications Interfaces, each with an integral 110 to
375000 baud rate generator, asynchronous and
1.5Mbyte/s synchronous capability (fully programm-
able format) and associated address/wake-up option,
plus two DMA channels.
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ST9292

24K ROM HCMOS MCU WITH

ON SCREEN DISPLAY AND CLOSED CAPTION DATA SLICER

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

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

24K bytes of ROM,

384 bytes of RAM,

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

= 42-lead Shrink DIP package

= Interrupt handler and Serial Peripheral Interface
as standard features

31 fully programmable 1/O pins

34 character x15 rows software programmable
On Screen Display module with colour, italic, un-
derline, flash, transparent and fringe attribute
options

Digital Data Slicer extracting closed caption data
from video

8 8-bit PWM D/A outputs with repetition fre-
quency 2 to 32kHz and 12V Open Drain
Capability

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

16-bit programmable Slice Timer with 8-bit pres-
caler

3 channel Analog to Digital Converter, with inte-
gral sample and hold, fast 5.75us conversion
time, 6-bit guaranteed resolution

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

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

= Real Time Operating System

» Windowed EPROM parts available for prototyp-
ing and pre-production development phases

January 1993

PRELIMINARY DATA

PSDIP42

(Ordering Information at the end of the Datasheet)

DEVICE SUMMARY
Device RAM ROM
$T9292J4 384 bytes 16Kbytes
S§T9292J5 384 bytes 24Kbytes

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST9292

GENERAL DESCRIPTION

The ST9292 is a ROM member of the ST9 family of

microcontrollers, completely developed and pro-
duced by SGS-THOMSON Microelectronics using a

wCeL DYy SLas

propnetary 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 24K bytes of on-chip ROM.

The nucleus of the ST9292 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16-bit Timer/Watchdog with 8-bit
Prescalgr, a Serial Peripheral Interface supporting
S-bus, 1°C-bus and IM-bus Interface. The Core has
independent memory and register buses allowing a
high degree of pipelining to add to the efficiency of
the code execution speed of the extensive instruc-
tion set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST9292
with up to 31 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to six I/O Ports
and can be configured on a bit basis under software
control to provide timing, status signals, address and
data buses for interfacing external memory, timer in-
puts and outputs, analog inputs, external interrupts
and serial or parallel I/0O.

Figure 1. ST9292 Block Diagram

Three basic memory spaces are available to support
this wide range of configurations: Program Memory,
Data Memory and the Register File, which includes
the control and status registers of the on-chip periph-
erals.

The 16-bit Slice Timer with an 8-bit Prescaler.

The human interface is provided by the On Screen
Display module, this can produce up to 15 lines of up
to 34 characters from a ROM defined 128 character
set. The 9x13 character can be modified by 4 differ-
ent pixel sizes, with character rounding, and formed
into words with colour and format attributes.

Closed Caption control for the display of information
transmitted through the video input is facilitated with
the Data Slicer. This module has manual and auto-
matic Slicing levels for both Sync and Data and al-
lows the user to select the video line containing the
data relative to the Vertical synchronisation pulse.

Control of TV settings is able to be made with up to
eight 8-bit PWM outputs, with a frequency maximum
of 23,437Hz at 8-bit resolution (INTCLK = 12MHz).
Low resolutions with higher frequency operation can
be programmed.

In addition there is a 3 channel Analog to Digital Con-
verter with integral sample and hold, fast5.75us con-
version time and 6-bit guaranteed precision.
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SGS-THOMSON
MIGROELECTRONICS

ST92E92
ST92T92

24K EPROM HCMOS MCU WITH
ON SCREEN DISPLAY AND CLOSED-CAPTION DATA SLICER

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

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

24K bytes of EPROM or OTP ROM,

384 bytes of RAM,

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

42-lead Plastic Shrink DIP package for ST92T92

42-lead Window Ceramic Shrink DIP package
for STO2E92

Interrupt handler and Serial Peripheral Interface
as standard features

31 fully programmable 1/O pins

34 character x15 rows software programmable
On Screen Display module with colour, italic, un-
derline, Flash, transparent and fringe attribute
options

Digital Data Slicer extracting closed caption data
from video

8 8-bit PWM D/A outputs with repetition fre-
quency 2 to 32kHz and 12V Open Drain
Capability

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

16-bit programmable Slice Timer with 8-bit pres-
caler

3 channel Analog to Digital Converter, with inte-
gral sample and hold, fast 5.75us conversion
time, 6-bit guaranteed resolution

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

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

Real Time Operating System
Compatible with ST9292 24K ROM device

January 1993

PRELIMINARY DATA

CSDIP42W

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST92E92 - ST92T92

GENERAL DESCRIPTION

The ST92E92 and ST92T92 are EPROM member of
the ST9 family of microcontrollers in windowed Ce-
ramic (E) and Plastic OTP (T) packages respec-
tively, completely developed and produced by
SGS-THOMSON Microelectronics using a proprie-
tary n-well HCMOS process.

The EPROM parts are fully compatible with their
ROM versions, which may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 24K bytes of on-chip EPROM, microcontrollers
able to manage up to 64K bytes of external memory.

The nucleus of the ST92E92 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16-bit Timer/Watchdog with 8-bit
Prescaler a Serial Peripheral Interface supporting
S-bus, 1°C-bus and IM-bus Interface, plus two 8-bit
I/0 ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set.

The powerful I/O capabilities demanded by micro-
controller applications are fulfilled by the ST92E92
with up to 31 I/O lines dedicated to digital Input/Out-
put. These lines are grouped into up to five I/O Ports
and can be configured on a bit basis under software
control to provide timing, status signals, timer inputs
and outputs, analog inputs, external interrupts and
serial or parallel I/O.

Figure 1. ST92E92 Block Diagram

Three basic memory spaces are available to support
this wide range of configurations: Program Memory,
Data Memory and the Register File, which includes
the Icontrol and status registers of the on-chip periph-
erals.

The 16-bit Slice Timer with an 8-bit Prescaler.

The human interface is provided by the On Screen
Display module, this can produce up to 15 lines of up
to 34 characters from a ROM defined 128 character
set. The 9x13 character can be modified by 4 differ-
ent pixel sizes, with character rounding, and formed
into words with colour and format attributes.

Closed Caption control for the display of information
transmitted through the video input is facilitated with
the Data Slicer. This module has manual and auto-
matic Slicing levels for both Sync and Data and al-
lows the user to select the video line containing the
data relative to the Vertical synchronisation pulse.

Control of TV settings is able to be made with up to
eight 8-bit PWM outputs, with a frequency maximum
of 23,437Hz at 8-bit resolution (INTCLK = 12MHz).
Low resolutions with higher frequency operation can
be programmed.

In addition there is a 3 channel Analog to Digital Con-
verter withintegral sample and hold, fast 5.75us con-
version time and 6-bit guaranteed resolution.
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ST9293

32K ROM HCMOS MCUs WITH

ON SCREEN DISPLAY AND A/D CONVERTER

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

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

= 32K bytes of ROM,
640 bytes of RAM,
224 general purpose registers available as RAM,
accumulators or index registers (Register File)

m 42-lead Shrink DIP package

= Interrupt handler and Serial Peripheral Interface
as standard features

= 31 fully programmable 1/0O pins

n 34 character x15 rows software programmable
On Screen Display module with colour, italic, un-
derline, Flash, transparent and fringe attribute
options

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

16-bit programmable Slice Timer with 8-bit pres-
caler

= 4 channel Analog to Digital Converter, with inte-
gral sample and hold, fast 5.5us conversion
time, 6-bit guaranteed resolution

Rich Instruction Set and 14 Addressing modes

Division-by-Zero trap generation

= \ergatile Davelonment togls. including assembler
= Versaiie veveiopment i0Qis, inciuding assemaoier,

linker, C-compiler, archiver, graphic oriented de-
bugger and hardware emulators

Real Time Operating System

Windowed EPROM parts available for prototyp-
ing and pre-production development phases

January 1993

PRELIMINARY DATA

PSDIP42

(Ordering Information at the end of the Datasheet)

DEVICE SUMMARY
Device RAM ROM
ST9293J4 640 bytes 16Kbytes
ST9293J5 640 bytes 24Kbytes
ST9293J6 640 bytes 32Kbytes

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST9293

GENERAL DESCRIPTION

The ST9293 is a ROM member of the ST9 family of
microcontrollers, completely developed and pro-
duced by SGS-THOMSON Microelectronics using a

nronriatarns nowall HOMNOG nracage
piropnciary N-Wen muiwvivus protess.

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 32K bytes of on-chip ROM.

The nucleus of the ST9293 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16-bit Timer/Watchdog with 8-bit
Prescalgr, a Serial Peripheral Interface supporting
S-bus, I°C-bus and IM-bus Interface, plus two 8-bit
1/0O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful I/O capa-
bilities demanded by microcontroller applications
are fulfilled by the ST9293 with up to 31 I/O lines
dedicated to digital Input/Output.

These lines are grouped into up to five I/O Ports and
can be configured on a bit basis under software con-

Figure 1. ST9293 Block Diagram

trol to provide timing, status signals, timer inputs and
outputs, analog inputs, external interrupts and serial
or parallel I/0.

Three basic memory spaces are availabie to support
this wide range of configurations: Program Memory,
Data Memory and the Register File, which includes
the Icontrol and status registers of the on-chip periph-
erals.

The 16-bit Slice Timer with an 8-bit Prescaler and 6
operating modes allows simple use for waveform
generation and measurement, PWM functions and
many other system timing functions.

The human interface is provided by the On Screen
Display module, this can produce up to 15 lines of of
up to 34 characters from a ROM defined 128 charac-
ter set. The 9x13 character can be modified by 4 dif-
ferent pixel sizes, with character rounding, and
formed into words with colour and format attributes.

In addition there is a 4 channel Analog to Digital Con-
verter with integral sample and hold, fast 5.5us con-
version time and 6-bit guaranteed precision.

24 / 32 kBytes 640 / 512 Bytes
ROM RAM

256 Bytes
REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI SLICE

TIMER

i I I

CPU

[ MEMORY BUS ( Address & Data )

PLLF

[ REGISTER BUS ( Address & Data )
/O PORT 0 110 PORT ON SCREEN || A/D /0 PORT 4 Y0 PORT 5
/1 2
( Address/Data ) (sPI) DISPLAY VO PORT 3 1 o onverTER [ ( Analog Inputs ) ( C("g‘;ﬁ,‘u?“s )
VSYNC HSYNC Voo
PLLR
VROB1749
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ST92E93
ST92T93

32K EPROM HCMOS MCUs WITH
ON SCREEN DISPLAY AND A/D CONVERTER

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

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

32K bytes of EPROM or OTP ROM,

640 bytes of RAM,

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

42-lead Plastic Shrink DIP package for ST92T93

42-lead Window Ceramic Shrink DIP package
for ST92E93

Interrupt handler and Serial Peripheral Interface
as standard features

31 fully programmable /O pins

34 character x15 rows software programmable
On Screen Display module with colour, italic, un-
derline, Flash, transparent and fringe attribute
options

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

16-bit programmable Slice Timer with 8-bit pres-
caler

4 channel Analog to Digital Converter, with inte-
gral sample and hold, fast 5.5us conversion
time, 6-bit guaranteed resolution

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

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

Real Time Operating SystemCompatible with
ST9293 32K ROM device

January 1993

PRELIMINARY DATA

PSDIP42

CSDIP42wW

(Ordering Information at the end of the Datasheet)

This is short overview of an ST9 Family Member. Please contact SGS-THOMSON for further information.
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ST92E93 - ST92T93

GENERAL DESCRIPTION

The ST92E93 and ST92T93 are EPROM member of
the ST9 family of microcontrollers in windowed Ce-
ramic (E) and Plastic QTP (T) packages respec-
tively, completely developed and produced by
SGS-THOMSON Microelectronics using a proprie-
tary n-well HCMOS process.

The EPROM parts are fully compatible with their
ROM versions, which may be used for the prototyp-
ing and pre-production phases of development, and
can be configured as: standalone microcontrollers
with 32K bytes of on-chip EPROM.

The nucleus the ST92E93 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16-bit Timer/Watchdog with 8-bit
Prescaler a Serial Peripheral Interface supporting
S-bus, I°C-bus and IM-bus Interface, plus two 8-bit
1/0O ports. The Core has independent memory and
register buses allowing a high degree of pipelining to
add to the efficiency of the code execution speed of
the extensive instruction set. The powerful /0 capa-
bilities demanded by microcontroller applications
are fulfilled by the ST92E93 with up to 31 I/O lines
dedicated to digital Input/Output.

Figure 1. ST92E93 Block Diagram

These lines are grouped into up to five I/O Ports and
can be configured on a bit basis under software con-

trolto nm\ndn hmmn status anrmn!e timerinouts and

Siaius St PSS al

outputs analog mputs external interrupts and serial
or parallel I/O.

Three basic memory spaces are available to support
this wide range of configurations: Program Memory,
Data Memory and the Register File, which includes
the control and status registers of the on-chip periph-
erals.

The 16-bit Slice Timer with an 8-bit Prescaler and 6
operating modes allows simple use for waveform
generation and measurement, PWM functions and
many other system timing functions.

The human interface is provided by the On Screen
Display module, this can produce up to 15 lines of of
up to 34 characters from a ROM defined 128 charac-
ter set. The 9x13 character can be modified by 4 dif-
ferent pixel sizes, with character rounding, and
formed into words with colour and format attributes.

In addition there is a 4 channel Analog to Digital Con-
verter with integral sample and hold, fast 5.5us con-
version time and 6-bit guaranteed resolution.

24 / 32 kBytes 640 / 512 Bytes
EPROM RAM

256 Bytes
REGISTER FILE

16-Bit TIMER / WATCHDOG + SPI SLICE

TIMER
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CPU
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ST9 STARTER KIT

EVALUATION KIT
FOR ST9 MCU FAMILY

= Full Evaluation Kit for ST9 Family
= Emulation Capability
» Windowed and Command Line interfaces

GENERAL DESCRIPTION

The ST9 Starter Kit includes all the hardware, soft-
ware and documentation required to evaluate the
ST9 family of 8/16-bit MCUs and to develop simple
applications. The ST9 Starter Kit includes ROMless
(ST90R40) and EPROM-based (ST90E40) micro-
controllers, the ST9 family documentation, the ST9
software tools package and an evaluation board for
debugging an application and programming the
STO0E40.

The board, which measures 225 x 125mm, is based
on the ST90R40, which offers all the most important
features of the ST9 family, including a built-in DMA
controller, a Serial Peripheral Interface (supporting

S-bus, I2C-bus and IM-bus), 256 bytes of internal
RAM, 512 bytes of internal EEPROM, 16-bit multi-
function timers, A/D converter and a full duplex serial
communication interface. On-board memories pro-
vide storage for emulated programs and data, the
monitor program and breakpoint information.

For maximum flexibility, the board can run in three
different modes. In the stand-alone mode, up to
64Kbytes of program space and 64Kbytes of data
space are available. In the emulation mode, the
board is driven by a monitor program allowing the
use of all registers and memories, while single step,
software trace and breakpoints are supported on
both program and data spaces through debugging
software running on a PC host. The third mode is the
programming mode, which allows debugged soft-
ware to be downloaded to an STO90E40 using the ZIF
socket provided.
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ST9-Starter Kit

SOFTWARE TOOLS

The software tools include a full macro-assembler
which supports modular programming, an incre-
mental linker, an archiver that manages reiocatabie
objects modules, a functional simulator, awindowed
debugger which drives the ST9 evaluation board
and the EPROM programming software. The fully
symbolic debugger allows access to all ST9 re-
sources (memories, registers) while the windowed

Starter Kit Command Line Summary

and menu-driven interface, on-line help and intuitive
access to commands make it very easy to use.

The ST9 Starter Kit also includes full documentation
on the ST9040 Family, on how to connect and pro-
gram it and the software tools manuals which de-
scribe how to use the ST9 development tools
included in the starter kit, as well as a floppy disk con-
taining several application programs for ST9 de-
vices.

COMMAND DESCRIPTION
ARchive Archive symbols and macros
ASm On-line Assembler
BAse Change base of numbers
BYE Exit from debugger program
CLOSE Close I/0 Channel
CLS Clear screen
CM Compare memory
DEfine Define symbols and macros
DIsasm On-Line disassembler
DM Display memory
DO Execute macro
DR Display register
DUmp Save current setup
ENDFOR End for loop (see FOR)
ENDIF End conditional block (see IF)
FM Fill memory with pattern
FOR Loop command execution
FR Fill registers with pattern
GO Execute program
Help On-Line help
IF Conditional command execution
JUMP Go to label
LIstsymbol List symbols and macros
LOad Load program from file
LOCATE Set cursor position at given coords
MAP Set/Display mapping
MB Modify memory breakpoints settings
MM Move memory block
NEXT Execute program steps

64

ﬁ SGS-THOMSON

« MICROELECTRONICS



ST9-Starter Kit

Starter Kit Command Line Summary (Continued)

OPEN Open I/0 channel

PAUSE Pause for number of seconds

Print Print strings and values

Quit Return to Graphical Interface

REset Reset emulated CPU

SAve Save memory contents to file

SB Set/Display memory breakpoints

SEarch Search for pattern in memory

SET Set/Reset emulator options

SM : Set memory

SR Set/Display registers

SYstem Exit temporarily to operating system

Trace Display trace

UNdefine Remove symbols

USE Execute command file

VER Print version information

WAtch Display/Create watch data

WR Display current working register set

<value> Evaluate expression v

! Execute single system command

? Display symbols having a given value
Comment line for macros/command files

‘ﬁ SGS-THOMSON
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C COMPILER, ASSEMBLER, LINKER AND
- SOURCE DEBUGGER FOR ST9 MCU FAMILY

CONTENTS

= Optimised C compiler with options for different
standards: traditional C, ANSI C, and GNU ex-
tensions

= Macro-assembler with powerful pre-processor
» Linker/loader

= Source-level debugger with Microsoft WIN-
DOWS 3™ graphic interface

= Available for SUN 4 (SPARC STATION) under
the UNIX system

GENERAL DESCRIPTION

The GNU Toolchain offers the software developer a
full set of resources for the development of code for
the ST9 microcontroller. Thisis achieved through the
optimised GNU C Compiler, the Macro-assembler,
Linker/Loader and Library Archiver. The Assembler
is fully compatible at source level with previous ver-
sion of the ST9 Assembler. Program debugging is
made easier with the C Language Source Level De-
bugger, which runs under MSDOS or Microsoft Win-
dows 3™ .

C SOURCE FILE

GCC9 C COMPILER

ASM FILE

ASM SOURCE FILE )

TR9 MACRO—ASM

;

SIMPLE ASM FILE
GAS9 ASSEMBLER

( LIBRARY

) C OBJECT FILE ) ( LINKED FILE )

LD9 LINKER
BINARY FILE

[

‘ WGDB9 DEBUGGER [

L INTEL HEX |

|

ST9 EMULATOR

INTEL FORMAT

VAOA214

®
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ST9-GNU TOOLCHAIN

GNU C COMPILER

= All standard types allowed (char, int, short, long,
signed or unsigned, float, and double) with Float
types respecting the IEEE 754 standard

Libraries delivered include string handling, con-
version, I/O routines and mathematics

= Direct access to the Register File of the ST9, al-
lowing access to all registers and on-chip
peripherals

= Allows inclusion of assembly language instruc-
tions, with access to C program symbols

= Options to generate code for one or two memory
spaces, one or two stacks and interrupt routines

= Optimisation phase included at final stage
General Description

The GNU C Compiler for the ST9 allows the pro-
grammer to write C source code (using traditional C
(Kernigan & Richie), ANSI C, or GNU Extensions)
and to produce assembly language source code.
When used with the Assembler and Linker, it allows
the generation of executable object code for all
members of the ST9 family.

The generated assembly source file may include inter-
leaved C lines and assembly language lines, and pro-
vides information for source-level debugging.

ASSEMBLER

The Assembler pre-processor allows macro substi-
tution, file inclusion and conditional assembly and is
fully compatible at source level with the ST9 assem-
bler (AST9) pseudo-instructions and pseudo-mac-
ros.

Source level debugging information is generated
with the object file by the assembler.

Assembly language programs are fully mixable with
C language programs and accept 3 sections (TEXT,
DATA, BSS).

LINKER

= Combines object code files issued by the assem-
bler

= Supports incremental linking

General Description

The Linker resolves references to external symbols

and searches libraries for necessary modules to pro-

duce an output file in a binary format, downloadable

by the debugger to the ST9 emulator.

A map file is generated, including all mapping infor-

mation on sections, files, and symbols and separate
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files are produced to support ST9 bank switch
mechanism

Tha th i +
The three sections generated by the C compiler and

used by the assembler are accepted.

Options are available for setting the base addresses
of sections and stacks and management of two
spaces with script files to define memory mapping.

DEBUGGER

= Runs on MS-DOS based PC, with or without
WINDOWS 3™

= Connected by serial line to the ST9 hardware
emulator

» Offers a WINDOWS 3™ - based graphic inter-
face, supporting all standard features

= Mouse supports access to context sensitive help

= Offers a line mode command interface (able to

run on MS-DOS or within a WINDOWS 3™ DOS
box) supporting command files

= Includes a window for access to the low-level
SDBST9 debugger

= Dumps ST9 memories, system registers, Regis-
ter File and paged registers

General Description

The ST9 Debugger allows source level debug for C
language and assembly language programs, even
with optimized C language programs.

The debugger is able to generate trace information,
with hardware information interleaved with source
lines, and to display the local symbols of the current
C procedure and the stack based on the C language
source level.

Source lines are displayed, with or without disas-
sembly of memory interleaved with the source lines
with symbols under their real types.

Requires 386 class PC or higher with at least 4 Mby-
tes of memory, under MS-DOS 4.01 or higher.

UTILITIES

= Archiver

» Formatier of INTEL HEX industriai format, aliow-
ing download of program to an EPROM
programmer

Binary file deformatter

Note: Windows 3 is a trademark of the Microsoft Corporation.
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ST9-EPB

EPROM PROGRAMMING BOARD

FOR ST9 MCU FAMILY

s Programming tool for EPROM and OTP mem-
bers of the ST9 Microcontroller Family

» Stand-alone operation mode

» Device EPROM capacity self-identified
» 3 functions performed

n All device packages type supported

= Single Power Supply

GENERAL DESCRIPTION

This board is designed for programming the EPROM
versions of the ST9 microcontroller family, including
both the ceramic windowed and plastic OTP pack-
ages.

The EPROM size of the ST9 microcontroller to be
programmed is recognised automatically by the on-
board software and three sockets are provided to ac-
cept the different existing packages types.

The ST9-EPB board uses a reference EPROM in-
cluding the customer’s code directly generated by
the ST9 assembiler-linker. The ST9 EPROM device

will be programmed from the contents of the refer-

ence EPROM. Jumpers allow the selection of differ-

ent types of reference EPROM (2732, 2764, 27128,

27256).

On board regulation requires only a single power

supply of +18 Vpc — 0.5A to produce the different

voltages necessary for the board functioning. -

The board can perform 3 operations: )

- Verifying the blank state of the microcontrolier
EPROM.

- Programming microcontroller with the content
of the reference EPROM.

- Verifying the microcontroller against the refer-
ence EPROM.

The required function is selected by two switches.
During the running procedure the program/verify

LED flashes and at the end of operation, the resultis
displayed on LEDs:

- Green OK LED for succesful operation.
- Red error LED for a programming error.

K37, S5O
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ST9-HDS

HARDWARE DEVELOPMENT SYSTEM

FOR ST9 MCU FAMILY

Designed to communicate with any IBM
PC/XT/AT or compatible computer through an
RS-232 serial communication link.

Emulation capability of all present and future
members of the ST9 Microcontroller family,
ROM and ROMless devices by dedicated option
boards

128K bytes of system mappable fast static mem-
ory, which may be mapped in pages of 512 bytes
each

4 maskable hardware controlled memory break-
points and 2 maskable hardware controlled
register breakpoints

Real time trace memory (2048 events)

Programmable crystal oscillator and external
clock option allow an emulated CPU clock fre-
quency ranging from 2 to 24 MHz

Automatic hardware self test executed every
time the emulator is powered on

8 User Probes available and included in the trace
and breakpoint logic

The Emulator may be used in Standalone Mode
without a Personal Computer control

GENERAL DESCRIPTION

The ST9 Hardware Development System (ST9-HDS)
is anintelligentand powerful In Circuit Real Time Emu-
lation System configurable for all current and future
members of the ST9 family of microcontrollers. The
complete ST9-HDS consists of the emulator, an
RS232 Serial Communication Cable providing the in-
terface with an optional Host computer, an ICE Probe
and Adapter which may be plugged directly into the
user’s application, a set of 8 user probes, and a power-
ful software debugger. The ST9-HDS allows the de-
signer to emulate the system in real time or single step
mode. A set of 4 user programmable memory break-
points which may be logically combined in AND, OR,
SEQUENTIAL, or DELAY mode and 2 user program-
mable register breakpoints allow the user to stop emu-
lation upon very specific conditions, while trace circuitry
willcollect the latest 2K (by 40 bit) events. Furthermore,
a wide range of debug commands provides the user
with full control of the Emulator hardware and features
several commands for controlling the execution of pro-
grams. Memory and registers may be read and written
in a number of different formats, while macro com-
mands and conditional block constructs are available
for use in automated debugging sessions.

57 SGS-THOMSON
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ST9-HDS

Figure 1. ST9-HDS System Configuration
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HARDWARE DESCRIPTION

The Interface and Control Unit (ICU) contains most
of the circuitry necessary to control the ST9-HDS,
with the exception of the circuits specifically related
to the ST9 family of microcontrollers. The ICU pro-
vides the control logic for monitoring the execution of
programs, setting memory breakpoints, recording
signal events, and handling the communication with
the host computer. The board contains the following
hardware resources:

- Private Microcontroller: A private microcontroller
controls the operation of the emulator, allowing
execution of an emulated program to run without
interference.

- 128K of Fast Static Memory: 128 Kbytes of fast
static memory are available for use by the
emulated microcontroller.

- Memory Management Circuitry: Memory may be
mapped in groups of 512 bytes as internai/Exier-
nal to the Emulated ST9 or, System/User Sup-
plied, and ReadOnly/ReadWrite, or as Non
Existent. (Certain versions also allow memory
to be mapped as EEPROM memory.)

- Memory Breakpoints: 4 Hardware controlled
memory breakpoints are available to the user
and may be combined in AND, OR, SEQUEN-
TIAL, or DELAY mode. Each of the four break-
points is associated with a breakpoint counter
which may be used simply as a counter or

"_I SGS-THOMSON

used to flag an event only after the associated
event has occurred n times.

- Real Time Trace Circuitry: Real Time Trace
Circuitry keeps track of a 2K by 40 bit buffer.

The ST9 Emulator POD contains the core of the cir-
cuits required to emulate any member of the ST9
family of microcontrollers. This board is responsible
for providing the interface with the Extension Board,
providing the interface with the Interface Control
Unit, sending out signals on reset identifying the
emulated device as a ROM-less or ROM-maskable
device, managing the opcode fetch signals, generat-
ing the clock for the Extension Board, controlling the
standalone mode option, decoding the pod ad-
dresses, managing the register breakpoints, control-
ling the idle/run logic, generating wait cycles, and
accessing the 8 user probes. The Pod Board con-
tains the following features:

- Programmable Crystal Oscillator: An on board
programmable crystal oscillator, as well as the
possibility of using an external clock via a BNC
connector, allow the user the option of select-
ing the emulated CPU clock frequency.

- Standalone Logic: The Hardware Development
System may be operated in Standalone Mode,
that is independently of the Host computer.

- Wait Cycle Generator: A Wait Cycle Generator
allows the user to assign from 0 to 7 wait cy-
cles to any block of 512 memory bytes defined
as external.

= MICROELECTROMICS
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ST9-HDS

HARDWARE DESCRIPTION (Continued)

- Register Breakpoints: 2 Hardware controlled
register breakpoints are available to the user
and may be combined in AND or OR mode.

The Extension Board contains the circuitry control-
ling all the special functions and peripherals of the
ST9 being emulated. Since each version of the ST9
has different peripherals and access to different 110
ports, the Extension Board will be different for each
version of the ST9.

However, the basic design of the Extension Board
will remain the same, allowing the extension board to
be easily configured for any future or existing version
of the ST9. In general, the Extension Board contains
the components and circuitry which emulate the ST9
(Core, /O ports, and peripherals), interfaces with the
ICE Connectors, and sends information to the Pod
Board. Either a 220V/50Hz or 110V/60Hz Power
Supply is included in the emulator to provide the
emulator with all necessary power.

SOFTWARE DEBUGGING PACKAGE

The ST9 Symbolic Debugger is a software tool which

allows the user to have complete control of the ST9

Hardware Development System. The Debugger

must be used on an IBM PC/XT/AT or compatible

that is connected to the ST9-HDS by means of an

RS-232 serial communication cable. The following

features are provided by the ST9 Symbolic Debug-

ger:

- Debugger Compatibility: The debugger has a
command line syntax compatible with the
SIMST9 Software Simulator and SDBST9, the
debugger for the ST9 Evaluation Module.

- Commands: A wide range of commands are
available for displaying and setting memory
and registers according to different formats.

Powerful Symbol Handler: A Powerful Symbol
Handler allows the user to define symbols and
macros, extract them from symbol table files,
and save them in symbol table files.

- Symbolic On-Line Assembler/Disassembler:
The debugger provides a symbolic on-line as-
sembler and disassembler.

- Full Screen Video Mode: Full screen video
modes are available for Memory, Register, and
Single Step Display.

- Symbolic Trace: Trace memory is disassem-
bled into assembler mnemonics.

- Macros and Conditional Block Constructs:
Macro commands and conditional block con-
structs are available for use in automated de-
bugging sessions.

- On-Line Help: An On-line help facility is avail-
able in the debugger to give a listing of the
complete command set as well as specific in-
formation on any of the commands.

- Configuration and Documentation: Log, dump
and command file capability allows for easy
documentation and configuration.

- Powerful Command Interpreter: A powerful
command interpreter allows for the evaluation
of complex expressions involving numbers, ad-
dresses, memory and register contents, and
I/O channel data.

The ST9 Symbolic Debugger accepts inputs from
the Software Development Package which includes
the following:

- ST9 Macro Assembler (AST9)

- ST9 Linker/Loader (LST9)

- ST9 Library Archiver (ARST9)

- ST9 Software Simulator (SIMST9)

The Software Development Package is available
separately, or with the Hardware Development
System.
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Figure 2. SDBST9 Command Summary

ARCHIVE
ASM
BASE
BYE
CLOSE
CM
DEFINE
DISASM
DM

DO

DR
DUMP
FM

FR

GO
HELP
IF
LISTSYMBOL
LOAD
MAP

MB

MM

MRB
NEXT
OPEN
PRINT
QUIT
RESET
SAVE
SB
SEARCH
SET

SM

SR

SRB
TRACE
UNDEFINE
USE

VE

VM

VR

WR

<value>
?

Archive symbols and macros
On-line assembler

Change base of numbers

Exit from debugger program
Close I/0O channel

Compare memory

Define symbols and macros
On-line symbolic disassembler
Display memory

Execute macro

Display register

Save current setup

Fill memory

Fill registers

Execute program

On-line help

Conditional command execution
List symbols and macros

Load program/data from file
Set/display memory mapping
Modify breakpoint

Move block of memory

Modify regis
Execute program steps

Open I/0 channel

Print strings and values
Terminate command execution
Reset emulated CPU

Save program/data into file
Set/display memory breakpoints
Search a pattern in memory
Set/reset options

Set memory

Set/display registers
Set/display register breakpoints
Display trace

Remove symbols

Execute commands from a file
View execution (video mode)

View memory (video mode)

View registers (video mode)
Display current working register set
Evaluate expression

Display symbols having a given value
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ST9-SW

SOFTWARE DEVELOPMENT TOOLS

FOR ST9 MCU FAMILY

u ST9 Macro Assembler

s ST9 Linker/Loader

s ST9 Library Archiver

s ST9 Software Simulation

GENERAL DESCRIPTION

Full software development is achieved using the
ST9 Software Development Tools. This follows for
the optional C Compiler, through the High Level
Macro Assembler, Linker/Loader, Library Archiver
and Software Simulator.

ST9 Macro Assembler

The ST9 Macro Assembler accepts one or more
source files written in ST9 assembly language and
transforms them into linkable object files. The as-
sembler recognizes the use of symbols, macros,
pseudo-instructions, pseudo-macros, and condi-
tional assembly directives.
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ST9 Linker/Loader

The ST9 Linker/Loader combines a number of object
files into a single program, associating an absolute
address to each section of code, and resolving any
external references. LST9 may be used to generate:
a binary or hexadecimal output module, a map file,
and an object file.

ST9 Library Archiver

The ST9 Library Archiver maintains libraries of soft-
ware object files, allowing the user to develop stand-
ard modules for repetitive use.

ST9 Software Simulator

The ST9 Software Simulator allows the user to de-
bug and execute any program written for any mem-
ber of the ST9 family of microncontrollers without the
aid of additional hardware. The simulator function-
ally duplicates the operation of the ST9 and com-
pletely supports the instruction set.

-

|C COMPILER|

-
L -

LIBRARY FILE (SOURCE)

LISTING

—

LST9 MAP LISTING
LINKER/LOADER | TRACE LISTING

INCREMENTAL LINK

EPROM /ROM

SIMST9
SIMULATOR

SYMBOL TABLE

VA00213

&1,

SGS-THOMSON
> MICROELECTRONICS

75



ST9-SW

AST9 - ST9 MACRO ASSEMBLER

Accepts one or more source files written in ST9

assembly language and produces an object file,

a listing file, an alphabetical symbol table and
error diagnostics

Resulting object files are linkable and relocat-
able

= Supports program segmenting directives

Recognizes user defined macros, macro librar-
ies, Conditional assembly directives,
pseudo-instructions, and pseudo-macros

Supports indirect command files

Figure 2. AST9 Pseudo-Instructions

General Description

Thn QTO Maoren Accnm~blae /AQTON mmmae
HIC O 19 VIaLlu ASSeIHVIET (Ao U] dbbcplb one orF

more source files written in ST9 assembly language
and transforms them into linkable object files. Mod-
ules written in assembly language are much easier
to write, read, and debug than the equivalent ma-
chine code. Furthermore, the assemblers use of
symbols, macros, pseudo-instructions, pseudo-
macros, and conditional assembly directives, allows
for even easier program development.

.ascii stores a string as a sequence of ascii codes

.asciz same as above followed by a null character

.blkb allocate bytes of data storage

olkw allocate words of data storage

.bss defines segment as type bss (uninitialized data)

.byte stores successive bytes of data

.data defines segment as type data

.defstr defines a string identifier

.endc end of a conditional assembly block

.endm end of a macro

.error user defined assembly error

.extern defines symbols as external

.global defines specified symbols as global

.ifce beginning of a conditional assembly block

.library add files to macro-library file list

.list enables listing of specified fields

.macro defines a macro

.mcall specifies which macros must be called from library

.mnarg assigns to a symbol the number of arguments
defined in a macro call

.mexit end of a macro expansion

.nlist disables listing of specified fields

.0org set current location counter

.page start a new listing page

.pl set listing page length

.sbttl assign subtitle to current section

.text define segment of type text

.title assign title to the document

.word store successive words of data

76
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AST9 - ST9 MACRO ASSEMBLER (Continued)
Figure 3. AST9 Pseudo Macros

jxcc symbol
if [conditional expression] {macrobody}
if [cond expr] {macrobody} else {macro2}
while [cond expr] {macro}
do {macro} while [cond expr]
loop [loopvar] {macro}
switch [cp] {
case cpl: macro
case cp2: macro
default: macro

}

break

begin [argl,arg2,...] {macro}

proc procname [argl,arg2,...] {macro}
return

Gi SGS-THOMSON
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LST9 - ST9 LINKER/LOADER

= Links modules generated by t
camhlar

e
({AQTQ) ancourane
sembler  (AST9}  encourage
programming
= Supports indirect command files
= Supports 3 sections (text, data, and bss) which
may be relocated and loaded at different ad-
dresses. Allows the user to specify the mapping
of object files into different pages (supports
8Mbyte addressing of the ST9050).
Extensive symbol manipulation. produces alpha-
betically or numerically sorted symbol tables for
addresses, registers, or specifically for SIMST9
and SDBSTY, strips the symbol table of local
symbols, global symbols, or both, allows defini-
tion and tracing of symbols.
Produces binary or hexadecimal output modules
Generates a map file
Supports incremental linking
Resolves references to external symbols and
searches libraries for necessary modules
= Provides self explanatory error and warning
messages.
= Displays the version number and information
about the various phases of linking

General Description

The ST9 Linker/Loader (LST9) is responsible for
combining a number of object files into a single pro-
gram, associating an absolute address to each sec-
tion of code, and resolving any external references.

ST9 Macro As-
S

modular

LST9 can be used to create either a binary or hexa-
decimal output module to be used by the ST9. The
linker/loader will also produce a map file of the result-
ing object which gives information about the regis-
ters, pages, modules, and labels, or an object file
which may be used as an input to another call to the
linker.

This software program allows the user to develop
modular programs, which may then be combined
and addressed as defined by the user. Program

mnd: i i i, i
modularity allows for easier design and testing, as

well as promotes re-use of standard modules.

r’; SGS-THOMSON

ARST9 - ST9 LIBRARY ARCHIVER

Edits libraries by adding, deleting, moving, or re-
placing fileg

Prints a listing of the names of all files in a library,
or the table of contents for each file in a library

Prints a file contained in a library, or extracts it for
use without modifying the library

= Libraries may be called by LST9 to resolve exter-
nal references.

General Description

The ST9 Library Archiver (ARST9) maintains librar-
ies of software object files, allowing the user to de-
velop standard modules for repetitive use. Once a
module has been inserted into a library, any applica-
tion may call the module. The ST9 Linker/Loader
(LST9) will only call the portions of each library that
are needed to resolve any external references.

SIMST9 - ST9 SOFTWARE SIMULATOR

= Supports symbolic debugging and execution of
any program written for the ST9 family of micro-
controllers on an IBM PC/XT/AT or compatible
computer, without the aid of additional hardware.

= Functionally duplicates the operation of the ST9
family of microcontrollers, and supports the com-
plete instruction set.

= Host Memory may be mapped in groups of 1K
byte as Read-only, Read-write, or Non Existent.

= A series of simulator status commands give the
user the option of selecting the simulated CPU
clock frequency, creating a log of the simulator
session, tracing the executed instructions, or
enabling the breakpoints and traps.

» The simulator has a command line syntax com-
patible with SDBST9, the debugger for the
ST9-HDS Hardware Development System, and
EVMSTY9, the debugger for the ST9-EVM Evalu-
ation Module.

= A powerful symbol handler allows the user to de-
fine symbols and macros, extract them from
symboi table files, and save them in symboi tabie
files.

» Full screen video modes are available for Mem-
ory, Register, and Single Step Display.

« MICROELECTRONICS
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SIMST9 - ST9 SOFTWARE SIMULATOR (Continued)

= An On-line help facility is available to give a list-
ing of the complete command set as well as
specific information on any of the commands.

= Dump and command file capability allow for simu-
lator session retrieval and easy configuration.

= The simulator provides a symbolic on-line as-
sembler and disassembler.

= A powerful command interpreter allows for the
evaluation of complex expressions involving
numbers, addresses, memory and register con-
tents, and I/O channel data.

= 128 software breakpoints and 128 software traps
are available to the user.

A trace is kept during program execution which
may be displayed afterwards with the traced in-
structions  disassembled into assembler
mnemonics.

A wide range of commands are available for dis-
playing and setting memory and registers
according to different formats.

= Macro commands and conditional block con-
structs are available for use in automated
debugging sessions.
1/0 channels can be opened for simulation of /0
peripheral functions.

Figure 4. SIMST9 Command Summary

= Interrupts may be defined and set pending to
simulate the occurrence of an interrupt.

s A simulated clock will use the user assigned
clock frequency to calculate the real time execu-
tion of a program. The clock may be displayed or
changed by the user to perform time measure-
ments.

General Description

SIMST9 allows the user to debug and execute any
program written for any of the current and future
members of the ST9 family of microcontrollers, with-
out the aid of additional hardware. The simulator
functionally duplicates the operation of the ST9 and
completely supports the instruction set. I/O channels
may be opened, read, and written, in order to simu-
late the I/O functions of peripherals, while interrupts
may be set, and then set pending, in order to simu-
late the handling of interrupts. The simulator uses
the clock frequency assigned by the user, along with
the number of clock cycles needed by each instruc-
tion to keep track of the real time execution speed.

ARCHIVE Archive symbols and macros
ASM On-line assembler

BASE Change base of numbers

BYE Exit from simulator program
CLOSE Close I/0 channel

CM Compare memory

DEFINE Define symbols and macros
DEFINT Define Interrupts

DISASM On-line symbolic disassembler
DM Display memory

DO Execute macro

DR Display register

DUMP Save simulator status

FM Fill memory

FR Fill registers

GO Execute program

HELP On-line help

IF Conditional command execution
INTERRUPT Simulate interrupt

®
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Figure 4. SIMST9 Command Summary (Continued)

LISTSYMBOL
LOAD

MAP

MB

RESTORE
SAVE

SB
SEARCH
SET

SM

<value>

List symbols and macros

Load program/data from file
Set/display memory mapping
Modify breakpoint

Move block of memory

Modify trap

Execute program steps

Open I/0 channel

Print strings and values
Terminate command execution
Reset simulated CPU

Restore dump file

Save program/data into file
Set/display memory breakpoints
Search a pattern in memory
Set/reset options

Set memory

Set/display registers
Set/display traps

Set/display user clock counter

Display trace

Execute commands from a file

View execution (video mode)

View memory (video mode)

View registers (video mode)

Display current working register set
Evaluate expression

Display symbols having a given value
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ST9-C

ANS| C COMPILER
FOR ST9 MCU FAMILY

Upgraded KERNIGHAN AND RITCHIE C defini-
tion, respecting ANSI standard X3.159.

» Optimisation stages using artificial intelligence
techniques (calculation of costs in terms of code
size and execution time).

Versions available for IBM PC or compatible un-
der MS-DOS 3.1 and higher, SUN 3 and SUN 4
(SPARC station) under the UNIX operating sys-
tem and for VAX and microVax under the VMS
operating system.

All standard types allowed (char, int, short, long,
signed or unsigned).

“Float” respecting IEEE 754 standard and “Dou-
ble” types allowed.

Many library functions implemented in assem-
bler code for increased code and execution time
efficiency e.g. string handling, conversion, 1/0
routines.

Generates an assembly language source file, in-
terleaving C lines and assembly language lines.

Direct access to the Register File of the ST9, al-
lowing access to all on-chip peripherals and
features of the STO.

Extensions for Real Time Interrupt handling.

Pre-processor included for standardisation and
increased readabilty and portability.

Available with Macro-Assembler, Linker and
Symbolic Software Simulator.

Fully compatible with the ST9 Hardware Devel-
opment System supporting symbolic debug and
source code high-level debugger.

GENERAL DESCRIPTION

The ST9 ANSI C Compiler allows the programmer to
write C source code and produce assembly langage
source programs. Used with the assembler/linker, it
allows the possibility to generate object code ex-
ecutable for all members of the ST9 microcontroller

o RN

L7 SGS-THOMSON

family. The generated object code may be used for
symbolic debugging with the software simulator and
hardware debugger/emulator, to generate test
EPROM devices for prototyping, or to produce ROM
mask data. lttakes into account all the advanced fea-
tures of the ST9 family (interrupt, Register File ac-
cess, memory pages access). The high-level
language C Compiler has been designed to provide
the greatest flexibility of use.

The user can either run the complete software with
only one simple command, or run each step of the
compiler separately: pre-processor, analyser,
coder, optimizer. .

The ST9 ANSI C Compiler is delivered with a stand-
ardinitialisation file to be linked with the customer ap-
plication. This file allows the setting of BSS and
DATA sections and stack pointers, as well as periph-
eral startup code.

STANDARD

The ST9 ANSI C Compiler is an implementation of
the X3.159 ANSI standard (issued from X3J11 draft
proposal), which includes and exceeds the
Kernighan and Ritchie specification. For example :
“CONST” and “VOLATILE” qualifiers and function
prototyping.

The ST9 ANSI C Compiler implements the features
most often needed by microcontroller develop-
ments: interrupt handling, Register File access, far
function declarations.

LICENSE

The ST9 ANSI C Compiler is delivered under license
for one user only. Upgrading of new releases will be
made to each registered user, free of charge, for a
duration of 12 months starting fromthe date of the re-
turn of the Registration Card.

NICS
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Figure 1. ST9-C Flow Chart

"C" MACRO MODULES "C" USER SOURCE CODE

PRE-PROCESSOR
ST9 "C" COMPILER

((ST9 ASSEMBLY SOURCE FILE )

MANUAL MODIFICATION
ALLOWED IF NECESSARY

[ AST9 MACRO ASSEMBLER |

OBJECT FILE

OTHER ASSEMBLED FILES LIBRARY MODULE
__l l—

{LSTS INCREMENTAL LINKER |

EXECUTABLE BINARY FILE

l

SIMULATOR

OR
EMULATOR/HDS
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ST9040

16K ROM HCMOS MCU WITH EEPROM,

RAM AND A/D CONVERTER

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

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

Internal Memory :

ROM 16K bytes
RAM 256 bytes
EEPROM 512 bytes

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

80-pin PQFP package for ST9040Q
68-lead PLCC package for ST9040C

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

Up to 56 fully programmable I/O pins

= Up to 8 external plus 1 non-maskable interrupts

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

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

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

= Serial Communications Interface with asynchro-
nous and synchronous capability

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

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

Daal Tima Dnaratina Quatam
noai 1T wpTiauiily oyoucini

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

= Upward compatible with ST9030, ST9032 and
ST9036

January 1993

PRELIMINARY DATA

PQFP80

PLCC68

(Ordering Information at the end of the Datasheet)

This is Preliminary Data from SGS-THOMSON. Details are subject to change without notice.
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Figure 1. 80 Pin PQFP Package
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Table 1. ST9040Q Pin Description
Pin Name Pin Name Pin Name Pin Name
1 AVss 25 | P34/T1INA 64 | P20/NMI 80 |AVop
2 AVss 26 | P33/TOOUTB 63 |NC 79 |NC
3 NC 27 | P32/TOINB 62 | Vss 78 | P47/Ain7
4 P44/Ain 28 | P31/TOOUTA 61 | P70/SIN 77 | P46/Ain6
5 P57 29 | P30/P/D/TOINA 60 | P71/SOUT 76 | P45/Ain5
6 P56 30 P17/A15 59 P72/INT4/TXCLK 75 P43/Ain3
7 P55 31 | P16/A14 /CLKOUT 74 | P42/Ain2
8 P54 32 NC 58 P73/INTS 73 P41/Ain1
9 INT7 33 | P15/A13 /RXCLK/ADTRG 72 | P40/Ain0
10 | INTO 34 | P14/A12 57 | P74/P/D/INT6 71 | P27/RRDY5
11 P53 35 P13/A11 56 P75/WAIT 20 P26/INT3
12 NC 36 |[P12/A10 55 P76/WDOUT /RDSTB5/P/D
13 | P52 37 | P11/A9 /BUSREQ 69 | P25/WRRDY5
14 [ P51 38 | P10/A8 54 P77/WDIN 68 P24/INT1
15 | P50 39 | POO/A0/DO /BUSACK /WRSTBS
16 | OSCOUT 40 | PO1/A1/D1 53 |RW 67 | P23/SDO
17 | Vss 52 |NC 66 | P22/INT2/SCK
18 |Vss 51 |DS 65 | P21/SDI/P/D
19 |NC 50 |AS
20 |OSCIN 49 |NC
21 RESET 48 | Vop
22 | P37/T10UTB 47 | Vop
23 | P36/T1INB 46 | PO7/A7/D7
24 | P35/T1OUTA 45 | PO6/A6/D6
44 | PO5/A5/D5
43 | PO4/A4/D4
42 | PO3/A3/D3
41 | PO2/A2/D2
2/219 (N7 SGS-THOMSON
7’ MICROELECTRONICS
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Figure 2. 68 Pin PLCC Package
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Table 2. ST9040C Pin Description
Pin Name Pin Name Pin Name Pin Name
61 | P44/Ain4 10 | P35/T10OUTA 43 | P70/SIN 60 |AVss
62 |P57 11 | P34/T1INA 42 | P71/SOUT 59 | AVpp
63 P56 12 P33/TOOUTB P P72/CLKOUT 58 P47/Ain7
64 | P55 13 | P32/TOINB /TXCLK/INT4 57 | P46/Ain6
65 | P54 14 | P31/TOOUTA 40 |P73/ADTRG 56 | P45/Ain5
66 |INT7 15 | P30/P/D/TOINA /RXCLK/INT5 55 | P43/Ain3
67 |INTO 16 | P17/A15 39 | P74/P/D/INT6 54 | P42/Ain2
68 | P53 17 | P16/A14 38 | P75/WAIT 53 | P41/Ain1
Al P52 18 P15/A13 37 P76/WDOUT 52 P40/Ain0
2 P51 19 | P14/A12 /BUSREQ 51 P27/RRDY5
3 P50 20 | P13/A11 36 | P77/WDIN 50 |P26/NT3
4 OSCouT 21 | P12/A10 /BUSACK /RDSTB5/P/D
5 Vss 22 | P11/A9 35 |RW 49 | P25/WRRDY5
6 OSCIN 23 | P10/A8 34 DS 48 P24/INT1
7 | RESET 24 | POO/AO/DO 33 |AS /WRSTBS5
8 P37/T10UTB 25 | PO1/A1/D1 32 | Voo 47 | P23/SDO
9 P36/T1INB 26 | PO2/A2/D2 31 | PO7/A7/D7 46 | P22/INT2/SCK
30 | P0O6/A6/D6 45 | P21/SDI/P/D
29 | PO5/A5/D5 44 | P20/NMI
28 | PO4/A4/D4
27 | PO3/A3/D3
L7 SGS-THOMSON 3/219
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1.1 GENERAL DESCRIPTION

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

The ROM device is fully compatible with its EPROM
version, which may be used for the prototyping and
pre-production phases of development, and can be
configured as: a standalone microcontroller with
16K bytes of on-chip ROM, a microcontroller able to
manage up to 112K bytes of external memory, or as
a parallel processing element in a system with other
processors and peripheral controllers.

The nucleus of the ST9040 is the advanced Core
which includes the Central Processing Unit (CPU),
the Register File, a 16 bit Timer/Watchdog with 8
bit Prescaler a Serial Peripheral Interface support-
ing S-bus, I°C-bus and IM-bus Interface, plus two 8
bit /0 ports. The Core has independent memory
and register buses allowing a high degree of pipe-
lining to add to the efficiency of the code execution
speed of the extensive instruction set. The power-
ful 1/0O capabilities demanded by microcontroller
applications are fulfilled by the ST9040 with up to
56 1/0 lines dedicated to digital Input/Output.
These lines are grouped into up to seven 8 bit I/O
Ports and can be configured on a bit basis under

Figure 3. ST9040 Block Diagram

software control to provide timing, status signals,
an address/data bus for interfacing external mem-
ory, timer inputs and ouiputs, anaiog inpuis, exier-
nal interrupts and serial or parallel I/O with or
without handshake.

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

Two 16 bit MultiFunction Timers, each with an 8 bit
Prescaler and 13 operating modes allow simple
use for complex waveform generation and meas-
urement, PWM functions and many other system
timing functions by the usage of the two associated
DMA channels for each timer. In addition there is
an 8 channel Analog to Digital Converter with inte-
gral sample and hold, fast 11us conversion time
and 8 bit resolution. An Analog Watchdog feature
is included for two input channels.

Completing the device is a full duplex Serial Com-
munications Interface with an integral 110 to
375,000 baud rate generator, asynchronous and
1.5Mbyte/s synchronous capability (fully program-
mable format) and associated address/wake-up
option, plus two DMA channels.
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16k Bytes 512 Bytes 256 Bytes
ROM EEPROM RAM

256 Bytes
REGISTER FILE

16-Bit TIMER / WATCHDOG + Sfﬂ

SCl 110 PORT 7

WITH DMA (sCl)

CPU |
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1/0 PORT 1 110 PORT 2 /0 PORT 3
( Address/Data ) ( Address ) (SP1) ( TIMERS )

2 x 16-bit TIMER
WITH DMA

110 PORT 5
WITH HANDSHAKE
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1.2 PIN DESCRIPTION

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

DS. Data Strobe (output, active low, 3-state). Data
Strobe provides the timing for data movement to or
from Port 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 ST9040 ac-
cesses on-chip memory, DS is held high during the
whole memory cycle. It can be placed in a high im-
pedance state along with Port 0, Port 1, AS and
R/W.

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

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

‘ﬁ SGS-THOMSON

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

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

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

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

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

1.2.1 /O Port Alternate Functions

Each pin of the I/O ports of the ST9040 may as-
sume software programmable Alternative Func-
tions as shown in the Pin Configuration Drawings.
Table 1-3 shows the Functions allocated to each
I/0 Port pins and a summary of packages for which
they are available.

5/219
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PIN DESCRIPTION (Continued)

Table 3. ST9040 I/O Port Alternate Function Summary

1/0 PORT ) ) Pin Assignment
Name Function | Alternate Function

Port. bit PLCC PQFP
P0.0 A0/DO [l{e} Address/Data bit 0 mux 24 39
PO0.1 A1/D1 1/0 Address/Data bit 1 mux 25 40
P0.2 A2/D2 110 Address/Data bit 2 mux 26 41
P0.3 A3/D3 [l{e} Address/Data bit 3 mux 27 42
P0.4 A4/D4 110 Address/Data bit 4 mux 28 43
P0.5 A5/D5 l{e} Address/Data bit 5 mux 29 44
P0.6 A6/D6 [l{e] Address/Data bit 6 mux 30 45
P0.7 A7/D7 [l{e] Address/Data bit 7 mux 31 46
P1.0 A8 o Address bit 8 23 38
P11 A9 @) Address bit 9 22 37
P1.2 A10 0} Address bit 10 21 36
P1.3 A11 O Address bit 11 20 35
P1.4 A12 (@] Address bit 12 19 34
P1.5 A13 O Address bit 13 18 33
P1.6 A4 [e] Address bit 14 17 31
P1.7 A15 (0] Address bit 15 16 30
P2.0 NMI | Non-Maskable Interrupt 44 64
P2.0 ROMless | ROMuless Select (Mask option) 44 64
P2.1 P/D o Program/Data Space Select 45 65
P2.1 SDI | SPI Serial Data Out 45 65
pP2.2 INT2 | External Interrupt 2 46 66
P2.2 SCK (o} SPI Serial Clock 46 66
P2.3 SDO O SPI Serial Data In 47 67
P2.4 INT1 | External Interrupt 1 48 68
P2.4 WRSTB5 ] Handshake Write Strobe P5 48 68
P25 WRRDY5 [e] Handshake Write Ready P5 49 69
P2.6 INT3 | External Interrupt 3 50 70
P2.6 RDSTB5 | Handshake Read Strobe P5 50 70
P2.6 P/D o Program/Data Space Select 50 70
pP2.7 RDRDY5 (0] Handshake Read Ready P5 51 71
P3.0 TOINA | MF Timer O Input A 15 29
P3.0 PD (0] Program/Data Space Select 15 29
P3.1 TOOUTA o MF Timer O Output A 14 28
P3.2 TOINB | MF Timer O Input B 13 27
P3.3 TOOUTB o MF Timer 0 Output B 12 26
P3.4 T1INA | MF Timer 1 Input A 11 25
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ST9040

PIN DESCRIPTION (Continued)
Table 3. ST9040 I/O Port Alternate Function Summary(Continued)

1/0 PORT . . Pin Assignment

Port. bit Name Function | Alternate Function PLCC PQFP
P3.5 T1OUTA O MF Timer 1 Output A 10 24
P3.6 T1INB | MF Timer 1 Input B 9 23
P3.7 T10UTB (@] MF Timer 1 Output B 8 22
P4.0 Ain0 | A/D Analog Input 0 52 72
P4.1 Ain1 I A/D Analog Input 1 53 73
P4.2 Ain2 | A/D Analog Input 2 54 74
P4.3 Ain3 | A/D Analog Input 3 55 75
P4.4 Ain4 | A/D Analog Input 4 61 - 4
P4.5 Ain5 | A/D Analog Input 5 56 76
P4.6 Ain6 | A/D Analog Input 6 57 77
P4.7 Ain7 | A/D Analog Input 7 58 78
P5.0 /0 1/0 Handshake Port 5 3 15
P5.1 110 1/0 Handshake Port 5 2 14
P5.2 [l{e] 1/0 Handshake Port 5 1 13
P5.3 [l{e] 1/0 Handshake Port 5 68 11
P5.4 l{e] 1/0 Handshake Port 5 65 8
P5.5 [l{e} I/O Handshake Port 5 64 7
P5.6 [l{e] 1/0 Handshake Port 5 63 6
P5.7 1{e] 1/0 Handshake Port 5 62 5
P7.0 SIN | SCI Serial Input 43 61
P71 SOuUT O SCI Serial Output 42 60
P71 ROMless | ROMless Select (Mask option) . 42 60
P7.2 INT4 | External Interrupt 4 41 59
P7.2 TXCLK | SCI Transmit Clock Input 41 59
P7.2 CLKOUT (0] SCI Byte Sync Clock Output 41 59
P7.3 INT5 | External Interrupt 5 40 58
P7.3 RXCLK | SCI Receive Clock Input 40 58
P7.3 ADTRG | A/D Conversion Trigger 40 58
P74 INT6 | External Interrupt 6 39 57
P7.4 P/D (6] Program/Data Space Select 39 57
P7.5 WAIT [ External Wait Input 38 56
P7.6 WDOUT (0] T/WD Output 37 55
P7.6 BUSREQ | [External Bus Request 37 55
P7.7 WDIN | T/WD Input 36 54
P7.7 BUSACK o External Bus Acknowledge 36 54
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2 CORE ARCHITECTURE

2.1 CORE ARCHITECTURE

The Core or Central Processing Unit (CPU) of the
ST9 includes the 8 bit Arithmetic Logic Unit and 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 ad-
dressing modes.

Three independent buses are controlled by the
Core, a 16 bit Memory bus, an 8 bit Register ad-
dressing bus and a 6 bit Interrupt/DMA bus con-
nected 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, giving the ST9 its efficiency in
both numerical calculations and communication
with the on-chip peripherals.

Figure 2-1. Address Spaces

2.2 ADDRESS SPACES

The ST9 has three separate address spaces:

- Register File: 240 8-bit registers plus up to 64
pages of 16 bytes each, located in the on-chip
peripherals.

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

The Data and Program memory spaces will be ad-
dressed in further detail in the next section.

2.2.1 Register File
The Register File consists of:
- 224 general purpose registers RO to R223

- 16 system registers in the System Group
(R224 to R239).

- /O pages depending on the configuration of
the ST9, each containing up to 16 registers,
with paging facilities based on the top group
(R240 to R255).

64K 64K

PROGRAM DATA
MEMORY MEMORY
REGISTER
FILE
VAQ0430
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’l‘\ MICROELECTRONICS

93




ST9 - Architecture

ADDRESS SPACES (Continued)

Figure 2-2. Register Grouping

Figure 2-3. Page Pointer Configuration

)

N

PAGE ©

63
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2% ¢ paceo reaisTers 64 PAGES
]
25 [€ SYSTEM REGISTERS r PAGE 5
223 [ R255
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[
R240
PAGE POINTER —j
224 R224
GENERAL
PURPOSE
REGISTERS
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Figure 2-4. Addressing the Register File
REGISTER FILE
255
240 | PAGE REGISTERS
239
294 | E SYSTEM REGISTERS
223 [
GROUP D
¢ R195 R207
(ROC3h)
B
. ra
9 (1100) (0011)
8
7 GROUP C
6
5 R195
4
3 R192
GROUP B
2
1
0
0
VROO00118
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ADDRESS SPACES (Continued)

2.2.2 Addressing Registers

All registers in the Register File and pages can be
specified by using a decimal, hex or binary ad-
dress, e.g. R231, RE7h or R11100111b is the
same register.

The registers can be referred to by their hexadeci-
mal group address, so that registers R0-R15 form
group 0, R160-R175 form group A and so on.

Working Register Addresses

The 8-bit register address is formed by 2 nibbles,
for example, for register R195 or RC3h or
R11000011, 1100 specifies the 13th group (i.e.
group C) and 0011 specifies the 3rd register in that
group.

Working registers are addressed by supplying the
least significant nibble in the instruction and adding
it to the most significant nibble found in the Regis-
ter Pointer (R233). Working register addressing is
shown in Figures 2-4.

System Registers

The 16 system registers at addresses R224 to
R239 form Group E.

The system registers are addressable using any of
the 4 register addressing modes and the most sig-
nificant nibble will, in all cases, be 14 (OEh).

Paged Registers

There are a maximum of 64 pages each containing
16 registers. These are addressed using the regis-
ter addressing modes with the addition of the Page
Pointer register, R234. This register selects the
page to be addressed in group F and once set,
does not need to be changed if two or more regis-
ters on the same page are to be addressed in suc-
cession.

Therefore if the Page Pointer, R234, is setto 5, the
instructions

spp 5

1d R242, r4

will load the contents of working register r4 into the
third register (R242) of page 5.

These paged registers hold data and control regis-
ters reiated to the on-chip peripherais, and thus the
configuration depends upon the peripheral organi-
sation of each ST9 family member. i.e. pages only
exist if the peripheral exists.

Available pages are shown in Table 2-2.

2.2.3 Input/Output Ports

The Input/Output ports are located in two areas.
The port registers for Ports 0-5 are located at the
bottom of the System register group in locations
R224 to R229, while port 6 and 7 are located in
page three, in registers 251 and 255 respectively.

Each Port has three associated Control registers,
which determine the individual pin modes (l/O,
Open-Drain etc). These registers are located in
pages2and 3.

Table 2-1. Register File Organization

Hex. Decimal . Register File
Address Address Function Group
FO-FF | 240-255 Paged | Group F
Registers
EO-EF 224-239 System | & o E
Registers
DO-DF 208-223 Group D
CO-CF 192-207 Group C
BO-BF 176-191 Group B
AO-AF 160-175 Group A
90-9F 144-159 Group 9
80-8F 128-143 General Group 8
Purpose
70-7F 12127 | Registers | Group 7
60-6F 96-111 Group 6
50-5F 80-95 Group 5
40-4F 64-79 Group 4
30-3F 48-63 Group 3
20-2F 32-47 Group 2
10-1F 16-31 Group 1
00-0F 00-15 Group 0

11/219
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ADDRESS SPACES (Continued)
Table 2-2. Group F Peripheral Organization

Applicable for ST9040
DEC 00 02 03 08 09 24 63

DEC HEX 00 02 03 08 09 18 3F

R255 RFF RFF
R254 RFE RFE
R253 RFD RFD
R252 RFC RFC
R251 RFB RFB
R250 RFA RFA
R249 RF9 RF9
R248 RF8 RF8
R247 RF7 RF7
R246 RF6 PORT 5 MET 1 RF6
Re45 RFs | EXTINT | PORTI RF5
R244 RF4 RF4
R243 RF3 RF3
R242 RF2 METO RF2
R241  RF1 PORTO | PORT4 -
R240 RFO |RESERVED RFO

— L7 S55THOMSON
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2.3 SYSTEM REGISTERS

Following is the description of System Registers.
For PORTO to PORT5 Registers, please refer to
1/0O Port Chapter.

Figure 2-5. System Registers

R239 (EFh) SYS. STACK POINTER LOW
R238 (EEh) SYS. STACK POINTER HIGH
R237 (EDh) USER STACK POINTER LOW
R236 (ECh) USER STACK POINTER HIGH
R235 (EBh) MODE REGISTER
R234 (EAh) PAGE POINTER

R233 (ESh) REGISTER POINTER 1
R232 (E8h) REGISTER POINTER 0
R231 (E7h) FLAGS

R230 (E6h) CENTRAL INT. CNTL REG
R229 (E5h) PORT5

R228 (E4h) PORT4

R227 (E3h) PORT3

R226 (E2h) PORT2

R225 (E1h) PORT1

R224 (E0h) PORTO

2.3.1 Central Interrupt Control Register

This Register CICR is located in the system Regis-
ter Group at the address R230 (E6h). Please refer
to “INTERRUPT” and “DMA” chapters in order to
get the background of the ST9 interrupt philoso-
phy.

CICR R230 (E6h) Sytem Read/Write

Central Interrupt Control Register

Reset Value : 1000 0111
7 0

GCEN| TLIP | TLI | IEN | IAM | CPL2|CPL1|CPLO

‘ﬁ SGS-THOMSON

b7 = GCEN: Global Counter Enable. This bit is the
Global Counter Enable of the Multifunction Timers.
The GCEN bit is ANDed with the CE (Counter En-
able) bit of the Timer Control Register (explained in
the Timer chapter) in order to enable the Timers
when both bits are set. This bit is set after the Re-
set cycle.

b6 = TLIP: Top Level Interrupt Pending. This bit is
automatically set when a Top Level Interrupt Re-
quest is recognized. This bit can also be set by
Software in order to simulate a Top Level Interrupt
Request.

b5 = TLI: Top Level Interrrupt bit. When this bit is
set, a Top Level interrupt request is acknowledged
depending on the IEN bit and the TLNM bit (in
Nested Interrupt Control Register). If the TLM bit is
reset the top level interrupt acknowledgement de-
pends on the TLNM alone.

b4 = IEN: Enable Interrupt. This bit, (when set), al-
lows interrupts to be accepted. When reset no in-
terrupts other than the NMI can be acknowledged.
It is cleared by interrupt acknowledgement for con-
current mode and set by interrupt return (iret). It
can be managed by hardware and software (ei
and di instruction).

b3 = IAM: Interrupt Arbitration Mode. This bit cov-
ers the selection of the two arbitration modes, the
Concurrent Mode being indicated by the value “0”
and the Fully Automatic Nested Mode by the value
“1”. This bit is under software control.

b2-b0 = CPL2-CPLO: Current Priority Level. These
three bits record the priority level of the interrupt
presently under service (i.e. the Current Priority
Level, CPL). For these priority levels 000 is the
highest priority and 111 is the lowest priority. The
CPL bits can be set by hardware or software and
give the reference by which following interrupts are
either left pending or able to interrupt the current
interrupt. When the present interrupt is replaced by
one of a greater priority, the current priority value is
automatically stored until required.

13/219
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SYSTEM REGISTERS (Continued)
2.3.2 Flag Register

The Flaa DRanictar anntaine Q flaae indinatin
G miay mogiowr Llriaiiis O niayo  nmiivaun i

ating

status of the ST9. During an interrupt the flag register
is automatically stored in the system stack area and
recalled at the end of the interrupt service routine so
that the ST9 is returned to the original status. This
occurs for all interrupts and, when operating in the
nested mode, up to seven versions of the flag regis-
ter may be stored.

FLAGR R231 (E7h) System Read/Write
Flag Register

Reset value: undefined
7 0

C Z S V| DA} H| U |DP

b7 = C: Carry Flag. The carry flag C is affected by
the following instructions:

Addition (add, addw, adc, adcw),
Subtraction (sub, subw, sbc, sbcw),
Compare (cp, cpw),

Shift Right Arithmetic (sra, sraw),

Rotate (rrc, rrcw, rlc, rlcw, ror, rol),
Decimal Adjust (da),

Multiply and Divide (mul, div, divws).

When set, it-generally indicates a carry out of the
most significant bit position of the register being
used as an accumulator (bit 7 for byte and bit 15 for
word operations).

The carry flag can be set by the Set Carry Flag (scf)
instruction, cleared by the Reset Carry Flag (rc£) in-
struction, and complemented (changed to “0” if “1”,
and vice versa) by the Complement Carry Flag (ccf)
instruction.

b6 = Z: Zero Flag. The Zero flag is affected by the
following instructions:

Addition (add, addw, adc, adcw),
Subtraction (sub, subw, sbc, sbcw),
Compare (cp, cpw),

Shift Right Arithmetic (sra, sraw),

Rotate (rrc, rrcw, rlc, rlcw, ror, rol),
Decimal Adjust (da),

Multiply and Divide (mul, div, divws),
Logical (and, andw, or, orw, xor, xorw,
cpl),

Increment and Decrement (inc,
decw),

Test(tm, tmw, tcm, tcmw, btset).

In most cases, the Zero flag is set when the register

being used as an accumulator register is zero, follow-
ing one of the above operations.

incw, dec,

14/219
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b5 = S: Sign Flag. The Sign flag is affected by the
same instructions as the Zero flag.

The Sign flag is set when bit 7 (for byte operation)
or bit 15 (for word operation) of the register used as
an accumulator is one.

b4 = V: Overflow Flag. The Overflow flag is af-
fected by the same instructions as the Zero and
Sign flags.

When set, the Overflow flag indicates that a two’s-
complement number, in a result register, is in error,
since it has exceeded the largest (or is less than
the smallest), number that can be represented in
twos-complement notation.

b3 = DA: Decimal Adjust Flag. The Decimal Adjust
flag is used for BCD arithmetic. Since the algorithm
for correcting BCD operations is different for addi-
tion and subtraction, this flag is used to specify
which type of instruction was executed last, so that
the subsequent Decimal Adjust (da) operation can
perform its function correctly.

The Decimal Adjust flag cannot normally be used
as a test condition by the programmer.

b2 = H: Half Carry Flag. The Half Carry flag indi-
cates a carry out of (or a borrow into) bit 3, as the
result of adding or subtracting two 8-bit bytes, each
representing two BCD digits. The Half Carry flag is
used by the Decimal Adjust (da) instruction to con-
vert the binary result of a previous addition or sub-
traction into the correct BCD result.

Like the Decimal Adjust flag, this flag is not nor-
mally accessed by the user.

b1 = UF: User Flag. Bit 1 in the flag register (UF) is
available to the user, but it must be set or cleared
by an instruction.

b0 = DP: Data/Program Memory Flag. This bit in
the flag register indicates which memory area is
addressed. Its value is affected by the Set Data
Memory (sdm) and Set Program Memory (spm) in-
structions.

If the bit is set, the ST9 addresses the Data Mem-
ory Area; when the bit is cleared, the ST9 ad-
dresses the Program Memory Area. By reading
this bit, the user can verify in which memory area
the processor is working. The user writes this bit
with the sdm or spm instructions.
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SYSTEM REGISTERS (Continued)

2.3.3 Register Pointing Techniques

Two registers, R232 and R233, within the system
register group, are available for register pointing.
R232 and R233 may be used together as a single
- pointer for a 16 register working space or sepa-
rately for two 8 register spaces, in which case
R232 becomes Register Pointer 0 (RP0) and R233
becomes Register Pointer 1 (RP1).

The instructions srp, srp0 and srpl (the Set
Register Pointer instructions) automatically inform
the ST9 whether the Register File is to operate with
a single 16-register group or two 8-register groups.
The srp0 and srp1 instructions automatically set
the twin 8-register group mode while the srp in-
struction sets the single 16-register group mode.
There is no limitation on the order or positions of
these chosen register groups other than they must
be on 8 or 16 register boundaries.

The addressing of working registers involves use of
the Register Pointer value plus an offset value given
by the number of the addressed working register.

When addressing a register, the most significant
nibble (bits 4-7) gives the group address and the
least significant nibble (bits 0-3) gives the register
within that group. )

REGISTER POINTER 0

RPO R232 (E8h) System Read/Write
Register Pointer 0

Reset Value : undefined
7 0

FG7|FK£JPGE RG4 RGB‘RPS D1‘DO‘

b7-b3 = RG7-RG3: Register Group number. These
bits contain the number (from 0 to 31) of the group
of working registers indicated in the instructions
srp0 or srp. When using a 16-register group, a
number between 0 and 31 must be used in the srp
instruction indicating one of the two adjacent 8-reg-
ister group of working registers used. RG7 is the
MSB.

b2 = RPS: Register Pointer Selector. This bit is set
by the instructions srp0 and srp1 to indicate that a
double register pointing mode is used. Otherwise,
the instruction s rp resets the RPS bit to zero to indi-
cate that a single register pointing mode is used.

b1,b0 = D1,D0: These bits are fixed by hardware to
zero and are not affected by any writing instruction
trying to modify their value.

[’7 SGS-THOMSON

REGISTER POINTER 1

RP1 R233 (ESh) System Read/Write
Register Pointer 1

Reset Value : undefined
7 0

RG7 | RC6 | RGb | R4 | RG3 | RPS | D1 | DO

This register is used only with double register
pointing mode; otherwise, using single register
pointing mode, the RP1R register has to be consid-
ered as reserved and not usable as a general pur-
pose register.

b7-b3 = RG7-RG3: Register Group number. These
bits contain the number (from 0 to 31) of the group
of 8 working registers indicated in the instructions
srpl. Bit 7 is the MSB.

b2 = RPS: Register Pointer Selector. This bit is
automatically set by the instructions srp0 and
srpl to indicate that a double register pointing
mode is used. Otherwise the instruction srp reset
the RPS bit to zero to indicate that a single register
pointing mode is used.

b1,b0 = D1,D0: These bits are hardware fixed to
zero and are not affected by any writing instruction
trying to modify their value.

Note. If working in twin 8-register group mode but
only using srp0O (i.e. only using one 8-register
group) the unused register (R233) is to be consid-
ered as reserved and not usable as a general pur-
pose register.

The group of registers immediately below the sys-
tem registers (i.e. group D, R208-R223) can only
be accessed via the Register Pointers. To address
group D then, it is necessary to set the Register
Pointer to group D and then use the addressing
procedure for working registers. The programmer
is required to remember that the group D should be
used as a stacking area. This point is also covered
in the Stack Pointers paragraph.

15/219
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SYSTEM REGISTERS (Continued)
EXAMPLES

Using the Single 16 Register Group

When the system is operating in the single 16-reg-
ister group mode, the registers are referred to as
r0-r15. In this mode, the offset value (i.e. the num-
ber of the working register referred to) is supplied
in the address (preceded by a small r, e.g. r5) and
is added to the Register Pointer 0 value to give the
absolute address.

For example, if the Register Pointer contains the
value 70h, then working register r7 would have the
absolute address, R77h.

In this mode, the single 16-registers group will al-
ways start from the lowest even number equal or
lower to the number given in the instruction.

Example: srp #3is equivalentto srp #2.

Figure 2-6. Single 16 Register pointing Mode

Using the Twin 8-Register Group

When working in the twin working group mode, the
registers pointed by Register Pointer 0 (RPOR), are
referred as r0-r7 and those pointed by Register
Pointer 1 (RP1R), are referred to as r8-r15, regard-
less of their absolute addresses. In this mode,
when operating with the first 8 working registers
(i.e. r0 - r7) the working register number acts as an
offset which is added to the value in Register
Pointer 0.

So if Register Pointer 0 contains the value 96, then
working register 0 has the absolute address 96,
working register 5 has the absolute address 101,
and so on. The second group of working registers,
r8-r15, has the offset values 0 to 7 respectively (i.e.
r8 has the offset value 0, r9 has the offset value 1,
and so on), this offset value being added to the
value in Register Pointer 1.

For example, given that the value in Register
Pointer 1 is 32, then working register 12 supplies
an offset value of 4 (given by 12 minus 8) to the
value in Register Pointer 1 to give an absolute ad-
dress of 36.

Figure 2-7. Double Register pointing Mode

255
255
GROUP F
GROUP F
240
239 240
239
GROUP E REGISTER POINTER 1
REGISTER POINTER 0 CROUP £ REGISTER POINTER O
224 224
GROUP 8 -7
e WORKING REGISTER ==
rO
GROUP & WORKING
REGISTER
r15
r0 WORKING REGISTER
GROUP 3 r8
1 To
0 VA00098
VAQ0097
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SYSTEM REGISTERS (Continued)

2.3.4 Page Configuration

The pages are available to be used for the storage
of control information (such as interrupt vector
pointers) relevant to particular peripherals. There
are up to 64 pages (each with 16 registers) based
on registers R240-R255. These paged registers
are addressable via the page pointer register
(PPR), which is system register R234.

To address a paged register the page pointer regis-
ter (R234) must be loaded with the relevant page
number using the spp instruction (Set Page Pointer)
and subsequently any address from the top (F)
group (R240-R255) will be referred to that page.

For example if register 23 contains the value 44,
the following sequence loads the third register
R242 on page 5 with the value 44.

spp 5
1d R242, R23

PPR R234 (EAh) System Read/Write
Page Pointer Register

Reset value : undefined
7 0

PP7 | PPg | PP5 | PP4 pPPR | PP2 [B]]

C [ tare Intaced [ ntade] [t i (.9

b7-b2 = PP7-PP2: Page Pointer. These bits con-
tain the number (between 0 to 63) of the page cho-
sen by the instruction ssp (Set Page Pointer). PP7
is the MSB of the page address. Once the page
pointer has been set, there is no need to refresh it
unless a different page is required.

b1-b0 = D1,D0: These bits are fixed by hardware to
zero and are not affected by any writing instruction
trying to modify their value.

PAGE 0 contains the control registers of:
- the external interrupt

- the watchdog timer

- the wait logic states

- the serial peripheral interface (SPI)

- the EEPROM (ST9040/E40/T40)

[OT - Al

2.3.5 Mode Registers

This register MODER is located in the System
Register Group at the address 235.

Using this register it is possible:

- to select either internal or external System and
User Stack area,

- to manage the clock frequency

- to enable the Bus request and Wait signals
when interfacing external memory.

MODER R235 (EBh) System Read/Write
Mode Register

Reset value : 1110 0000
7 0

SSP | USP | DIV2 | PRS2| PRST1 | PRS0 [BRCEN HIMP

b7 = SSP: System Stack Pointer. This bit selects
internal (in the Register File) or external (in the ex-
ternal Data Memory) System Stack area, logical
“1” for internal, and logical “0” for external. After
Reset the value of this bit is “1”.

b6 = USP: User Stack Pointer. Same as bit 7 for
the User Stack Pointer;

b5 =DIV2: OSCIN Clock Divided by 2. This bit con-
trols the divide by 2 circuit which operates on the
OSCIN Clock. A logical “1” value means that the
OSCIN clock is internally divided by 2, and a logical
“0” value means that no division of the OSCIN
Clock occurs.

b4-b2 = PRS2-PRS0: ST9 CPUCLK Prescaler.
These bits load the prescaling module of the inter-
nal clock (INTCLK). The prescaling value selects
the frequency of the ST9 clock, which can be di-
vided by 1 to 8. See Clock chapter for more infor-
mation.

b1 = BRQEN: Bus Request Enable. This bit is a
software enable of an External Bus Request.
When set to “1”, it enables a Bus Request on the
BUSREQ pin.

b0 = HIMP: High Impedance Enable. When Port 0
and/or Port 1 are programmed as multiplexed ad-
dress and Data lines to interface external Program
and/or Data Memory, these lines and the Memory
interface control lines can be forced into the High
Impedance state by setting to “1” the HIMP bit.
When this bit is reset, it has no effect on PO and P1
lines.

If Port 1 is declared as an address AND as an I/O
port (example: P10 ... P14 = Address, and P15 ...
P17 = 1/0), HIMP has no effect on the I/0O lines (in
the previous example: P15 ... P17).

SON 17/219
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SYSTEM REGISTERS (Continued)
2.3.6 Stack Pointers

There are two separate, double register stack
pointers available (named System Stack Pointer
and User Stack Pointer), both of which can ad-

dress registers or memory.

The stack pointers point to the bottom of the stacks
which are filled using the push commands and
emptied using the pop commands. The stack
pointer is automatically pre-decremented when
data is “pushed in” and post-incremented when
data is “popped out”.

For example, the register address space is se-
lected for a stack and the corresponding stack
pointer register contains 220. When a byte of data
is “pushed” into the stack, the stack pointer register
is decremented to 219, then the data byte is
“loaded” into register 219. Conversely, if a stack
pointer register contains 189 and a byte of data is
“popped” out, the byte of data is then extracted
from the stack and then the stack pointer register is
incremented to 190.

The push and pop commands used to manage
the system stack area are made applicable to the
.user stack by adding the suffix U, while to use a
stack instruction for a word a W is added.

_For example push inserts data into the system
stack, but an added U indicates the user stack and
W means a word, so the instruction pushuw loads
a word into the bottom of the user stack.

If the User Stack Pointer register contains 223
(working'in register space) the instruction pushuw
will decrement User Stack Pointer register to 222
and then load a word into register R222 and R221.

When bytes (or words) are “popped out” the values
in those registers are left unchanged until fresh
data is loaded into those locations. Thus when
data is "popped” out from a stack area, the stack
content remains unchanged.

Note. Stacks must not be located in the pages or
the system register area.

18/219
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The System Stack area and The System Stack
Pointer

The System Stack area is used for the storage of
temporarily suspended system and/or control reg-
isters, i.e. the Flag register and the Program
counter, while interrupts are being serviced. For
subroutine execution only the Program Counter
needs to be saved in the System stack area.

There are two situations when this occurs automat-
ically, one being when an interrupt occurs and the
other when the instruction call subroutine is used.
When the system stack area is in the Register File,
the stack pointer, which points to the bottom of the
stack, only needs one byte for addressing, in which
case the System Stack Pointer Low Register
(R239) is sufficient for addressing purposes. As a
result the System Stack Pointer High Register
(R238) becomes redundant BUT must be consid-
ered as reserved (please refer also to “spirious”
memory access section). Clearly when the stack is
external a full word address is necessary and so
both registers are used to point, the even register
providing the MSB and the odd register providing
the LSB.

The User Stack area and User Stack Pointer

The User Stack area is completely free from all in-
terference from automatic operations and so it pro-
vides a totally user controlled stacking area, that
area being in any part of the memory which is of a
RAM nature, or the first 14 groups of the general
Register File i.e. not in the System register or
Paged group.

The User Stack Pointer consists of two registers,
R236 and R237, which are both used for address-
ing an external stack, while, when stacking in the
Register File, the User Stack Pointer High Regis-
ter, R236, becomes redundant but must be consid-
ered as reserved.
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SYSTEM REGISTERS (Continued)

Stack location

Care is necessary when managing stacks as there
is no limit to stack sizes apart from the bottom of
any address space in which the stack is placed.
Consequently programmers are advised to use a
stack pointer value as high as possible, particularly
when using the Register File as a stacking area.
This will also benefit programmers who may locate
the stacks in group D using, for example the in-
struction 1d R237, #2223 which loads the value

Figure 2-8. System and/or User Stack in
Register Stack Mode

223 into the User Stack Pointer Low Register. The
Programmer will not need to remember to set the
Register Pointer to 208 to gain access to registers
in the D-group, a problem outlined in Register
Pointing Techniques paragraph.

Stacks may be located anywhere in the first 14
groups of the Register File (internal stacks) or the
data memory (external stacks). It is not necessary
to set the data memory using the instruction sdm
as external stack instructions automatically use the
data memory.

Figure 2-9. System and/or User Stack in
Register Stack Mode

REGISTER FILE

R255

STACK POINTER L

STACK POINTER H

RO

VA00434

DATA MEMORY

SYSTEM REGISTERS

STACK POINTER L

STACK POINTER H

VAQ00435

USP R236 (ECh) Read/Write
User Stack Pointer High Byte
Reset value: undefined
7 0

USP15USP14 USP13{£SP12LSP11}USP10’ USP9‘ USPBN

SSP R238 (EEh) Read/Write
System Stack Pointer High Byte
Reset value: undefined
7 0

ISSP15<SSP14SSP13SSP12$P11 SSP10| SSP9 | SSP8

USP R237 (EDh) Read/Write
User Stack Pointer Low Byte
Reset value: undefined

7 0

SSP R239 (EFh) Read/Write
System Stack Pointer Low Byte
Reset value: undefined

7 0
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3 MEMORY

3.1 INTRODUCTION

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

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

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

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

Off-chip memory, addressed using the multiplexed
address and data buses (Ports 0 and 1) may be di-
vided into the Program and Data spaces by the ex-
ternal decoding of the Program/Data select pin
(P/D) available as an Alternate function output, al-
lowing the full 128K byte memory.

The memory spaces are selected by the execution
of the sdm and spm instructions (Set Data Memory
and Set Program Memory, respectively). There is
no need to use either of these instructions again

Figure 3-1. Memory Map

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 automatically selected) and, secondly,
when using the memory indirect to memory indirect
post-increment addressing mode (the memory
types are specified in the instructions: 1dpp,
ldpd, lddp, 1ddd).

Program instructions and data in the immediate
addressing mode are always read from the Pro-
gam space. For example:

sdm
1d R80, #99

will load R80 with the value 99 decimal from the
program space.

Either the Data Memory or the Program Memory,
both external or internal, can be addressed using
any of the memory addressing modes.

The 16 bit memory address may be supplied di-
rectly using the absolute memory location address
or indirectly using a pair of registers. In addition the
address can be given by an indexed mode when a
short (byte) or long (word) offset is added to an in-
direct base word address.

65535 FFFF 65535 FFFF
16384 3FFF
ROM 768 02FF
st2l RAM O\ ____ 01FF
ooool | 0000 ooocol EEPROM | 0000
INTERNAL EXTERNAL INTERNAL EXTERNAL
PROGRAM SPACE DATA SPACE
VR001354 VR001355
02-93 LNy SGS-THOMSON 21/219
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3.2 PROGRAM SPACE DEFINITION

The Program memory space of the ST9040, from
the 16K byies of on-chip ROM memory (0 through
3FFFh) to the full 64K bytes with off-chip memory
expansion is fully available to the user. At ad-
dresses greater than the first 16K bytes of Program
space, external memory cycles are automatically
executed for instruction fetches.

The first 256 memory locations from address 0 to
FFh hold the Reset Vector, the Top-Level (Pseudo
Non-Maskable) interrupt, the Divide by Zero Trap
Routine vector and, optionally, the interrupt vector
table for use with the on-chip peripherals and the
external interrupt sources. Apart from this case no
other part of the Program memory has a predeter-
mined function.

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 up-
per (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.

Table 3-1. First 6 Bytes of Program Space

0 Address high of Power on Reset routine

1 Address low of Power on Reset routine

2 Address high of Divide by zero trap Subroutine
3 Address low of Divide by zero trap Subroutine
4 Address high of Top Level Interrupt routine
5 Address low of Top Level Interrupt routine

3.3 ROMLESS OPTION SUMMARY

In the event of a program revision being required
after the development of a ROM-based device, a
mask option is available which enables the recon-
figuration of the memory spaces to give a fully
ROMless device. This means that the on-chip pro-
gram ROM is disabled and ALL PROGRAM mem-
ory is seen as external, allowing the use of
replacement program code in external ROM mem-
ory. The on-chip EEPROM and RAM memory in
DATA space is not affected.

For more information on this option, please refer to
the section “External Memory Interface”.

22/219
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3.4 DATA SPACE DEFINITION

The Data memory maximum size is 64K bytes and
has exactly the same addresses and addressing
modes as the Program memory, the spaces being
distinguished by the use of the memory setting
command (sdm, Set Data Memory).

The ST9040 addresses the 512 bytes of on-chip
EEPROM memory in the Data Space from ad-
dresses 0 to 511 (00h to 1FFh) and the 256 bytes
of on-chip RAM memory from addresses 512 to
768 (200h to 2FFh). It may also address up to
64,767 locations of External Data through the Ex-
ternal 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
sdm instruction. All subsequent operand and stack
memory references will access the Data Space.

When a separate Data Space is not provided, data
may also be stored in external RAM or ROM mem-
ory within the Program Space.

3.5 EEPROM

3.5.1 Introduction

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

The EEPROM memory is read as normal RAM
memory at Data Space addresses 0 to 1FFh, how-
ever one WAIT cycle is automatically added for a
Read cycle, while a byte write cycle to the
EEPROM will cause the start of an ERASE/WRITE
cycle at the addressed location. Word (16 bit)
writes are not allowed.

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

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

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

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

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

3.5.2 EEPROM Programming Procedure

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

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

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

If polling on EEBUSY is used, a delay of 6 INTCLK
clock cycles is necessary after the end of program-
ming, this can be a nop instruction or, normally, the

Figure 3-2. EEPROM Parallel Programming Rows

required time to test the EEBUSY bit and to branch
to the next instruction will be sufficient. While EE-
BUSY is active, any attempt to access the
EEPROM matrix will be aborted and the data read
will be invalid. EEBUSY is a read only bit and can-
not be reset by the user if active.

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

3.5.3 Parallel Programming Procedure

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

The constraint is that each of the bytes occur in the
same ROW of the EEPROM memory (A4 constant,
A3-A0 variable). To operate this mode, the Parallel
Mode enable bit, PLLEN, must be set. The data
written is then latched into buffers (at the ad-
dresses specified, which may be non-sequential)
and then transferred to the EEPROM memory by
the setting of the PLLST bit of the control register.
Both PLLST and PLLEN are internally reset at the
end of the programming cycle. Any attempt to read
the EEPROM memory when PLLEN is set will give
invalid data. In the event that the data in the buffer
latches is not required to be written into the memory
by the setting of PLLST, the correct way to terminate

A B C D E F  ADDRESS
Q 1 2 3 4 5 6 7 9 10 11 12 13 14 15
ROW 31 1FOh — 1FFh
ROW 30 1EOh — 1EFh
I 1 i 1 1 1 1 ] | I | I 1 1 ] ] I
1 1 ] 1 I ] 1 1 I 1 1 1 1 i 1 ] I
1 1 | I 1 1 1 1 1 1 1 1 1 1 ] 1 1
1 | | i ] | | 1 i 1 | 1 t 1 ] ] i
] t | ] | | ] ] | ] | I | 1 ] 1 |
] 1 1 ] 1 1 I I 1 I 1 [} 1 1 1 I |
I i | i 1 1 1 | | ] 1 | I ] ] ] I
| 1 1 | I ] 1 1 | 1 ] | I ] ] | I
| | ] | ] ] 1 1 1 I | I | ] 1 ]
ROW 2 20h— 2Fh
ROW 1 10h — 1Fh
ROW O 0O0h — OFh
VR001356
[Ny SGS-THOMSON 23/219
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EEPROM (Continued)

the operation is to reset PLLEN and to perform a
dummy read of the EEPROM memory. This termi-
nation wili clear aii data present in the iaiches.
3.5.4 EEPROM Programming Voltage

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

3.5.5 EEPROM Programming Time

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

3.5.6 EEPROM Interrupt Management

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

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

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

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

Reset value : 0000 0000b (00h)

[ ol

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

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

The verify mode provides a guarentee of good re-
tention of the programmed bit. When active, the
reading voltage on the cell gate is decreased from
1.2V to 0.0V, decreasing the current from the pro-
grammed cell by 20%. If the cell is well pro-
grammed (to “17), a “1” will still be read, otherwise
a “0” will be read.

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

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

CEDDOM whan EECTRYV _ 447 will nradiina iinnra
Cor v wiiSini oo o v = 0wl priUUulc unipic

dictable results.

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

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

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

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

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

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

4.1 INTRODUCTION

The ST9 responds to peripheral events and exter-
nal events through its Interrupt channels. When
such an event occurs, if previously enabled and
according to a priority mechanism, the current pro-
gram execution can be suspended to allow the
ST9 to execute a specific response routine. If the
event generates an interrupt request, the current
program status is saved after the current instruc-
tion is completed and the CPU control passes to
the Interrupt Service Routine.

The ST9 CPU can receive requests from the fol-
lowing type of sources:

- On-chip peripherals
- External pins
- Top-Level Pseudo-non-maskable interrupt

According to the on-chip peripheral features, an
event occurrence can generate an Interrupt re-
quest depending on the selected mode.

Up to eight external interrupt channels, with pro-
grammable input trigger edge, are available. In ad-
dition, a dedicated interrupt channel, set to the
Top-level priority, can be devoted either to the ex-
ternal pin NMI (to provide a Non-Maskable-Inter-
rupt) or to the Timer/Watchdog. Interrupt service
routines are addressed through a vector table
mapped in Program Memory.

Figure 4-1. Interrupt Flow

NORMAL
PROGRAM
FLOW
INTERRUPT
SERVICE
ROUTINE
INTERRUPT
——
IRET
INSTRUCTION
VR001833

02-93
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4.2 INTERRUPT VECTORIZATION

The ST9 implements an interrupt vectoring struc-
ture that allows the on-chip peripheral to identify
the location of the first instruction of the Interrupt
Service Routine (IVR) automatically.

When the interrupt request is acknowledged, the
peripheral interrupt module provides, through its
Interrupt Vector Register (IVR), a vector to point
into the vector table of locations containing the
start addresses of the Interrupt Service Routines
(defined by the programmer).

Each peripheral has a specific IVR mapped within
its Register File pages.

The Interrupt Vector table, containing the list of the
addresses of the Interrupt Service Routines, is lo-
cated in the first 256 locations of the Program
Memory. The first 6 locations of the Program Mem-
ory are reserved for:

Address Content

0 Address high of Power on Reset routine

1 Address low of Power on Reset routine

2 Address high of Divide by zero trap Subroutine

3 Address low of Divide by zero trap Subroutine
4 Address high of Top Level Interrupt routine
5 Address low of Top Level Interrupt routine

With one Interrupt Vector register, it is possible to
address more interrupt service routines; in fact,
several peripherals share the same interrupt vec-
tor register among several interrupt channels. The
most significant bits of the vector are user pro-
grammable to define the base vector address in-
side the vector table in the program memory, the
least significant bits are controlled by the interrupt
module in hardware to select the specific vector.

Note: The first 256 locations of the program mem-
ory can contain program code. Other than the Re-
set vector, they are not exclusively reserved to the
vector table.

Warning. Although the Divide by Zero Trap oper-
ates as an interrupt, the FLAG Register is not
pushed onto the system Stack automatically. As a
result it must be regarded as a subroutine, and the
acknowledge routine must end with the RET instruc-
tion.
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INTERRUPT VECTORIZATION (Continued)

Figure 4-2. Vectors and Associated Routines
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Figure 4-3. Interrupt Architecture, Example of piority Allocations
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4.3 INTERRUPT PRIORITY LEVEL ARCHITEC-
TURE

The ST9 supports a fully programmable interrupt
priority structure. Figure 4-4 shows a conceptual
description.

9 priority levels are available to define the channel
priority relationship. Each channel has a 3 bit field,
PRL (Priority Level), that defines its priority level
among 8 programmable levels. The ninth level
(Top Level Priority) is reserved for the
Timer/Watchdog or the External Pseudo Non-
Maskable interrupt. The On-chip peripheral chan-
nel and the eight external interrupt sources can be
programmed within eight priority levels: level 7 has
the lowest priority, level 0 has the highest priority.

If several units are located at the same priority level,
an internal daisy chain, fixed for each ST9 device,
defines the priority relationship within that level.

The PRL bits are used to define the priority level for
interrupt requests.

Top level priority interrupt (highest) can be as-
signed either to the external Pseudo Non-Mask-
able interrupt or to the internal Timer/Watch-Dog.
An Interrupt service routine at this level cannot be
interrupted in any arbitration mode. Its mask can
be both maskable (TLI) or non-maskable (TLNM).

Figure 4-4. Interrupt Logic

4.4 PRIORITY LEVEL ARBITRATION

The 3 bits of CPL (Current Priority Level) in the
Central Interrupt Control Register contain the prior-
ity of the currently running program (CPU priority).
CPL is set to 7 (lowest priority) upon reset and can
be modified during program execution either by
software or automatically by hardware according
to the selected Arbitration Mode.

During every instruction an arbitration phase is
made between every channel capable of generat-
ing an Interrupt, each priority level is compared to
all the other requests. If the highest priority request
is an interrupt, it must be higherthan the CPL value
in order to be acknowledged.

The priority of the Top Level Interrupt overrides
every other priority.

If two or more requests occur at the same instant of
time and at the same priority level, an on-chip daisy
chain, specific to every ST9 version, selects the
channel with the highest position in the chain. The
position in the chain is shown in table 4-1.

ST9 provides two interrupt arbitration modes: Con-
current and Nested modes. The Concurrent mode
is the standard interrupt arbitration mode while the
Nested mode improves the effective interrupt re-
sponse time when a nesting of the service routines
is required according to the request priority levels.
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PRIORITY LEVEL ARBITRATION (Continued)

The control bit IAM (CICR.3) selects the Concur-
rent Arbitration mode (when reset to “0”) or the
Nested Arbitration Mode (when set to “17).

Table 4-1. Daisy Chain Priorities

Applicable for ST9030, ST9032, ST9036, ST9040

INTAO
INTA1
INTBO
INTB1
INTCO
INTC1
INTDO
INTD1
TIMERO
SClI
A/D
TIMER1

Highest Position

Lowest Position

4.4.1 Concurrent Mode

This mode is selected when the |IAM bit is cleared

(reset condition). The arbitration phase, performed

during every instruction, selects the request with

the highest priority level.

If the highest priority request is an interrupt request

and its priority value is higher than the Current Pri-

ority Value CICR.2,1,0 (R230.2,1,0), the interrupt

request will be acknowledged at the end of the cur-

rent instruction. The interrupt Machine Cycle per-

forms the following steps:

- 1. Disables all the maskable interrupt requests
by clearing CICR.IEN

_ 2. Pushes the PC low byte into the system stack
_ 3. Pushes the PC high byte into the system stack
_ 4. Pushes the Flag register into the system stack

_ 5. Loads the PC with the 16-bit vector stored in
the Vector Table, pointed to by the Interrupt
Vector Register (IVR).

_ean

Figure 4-5. Example of a Sequence of interrupt Requests with :

- Concurrent mode

- El set to 1 during the interrupt routine execution

PRIORITY LEVEL

CPL IS SET TO 7

7 —L{ MAIN PROGRAMf—— == e e e e e — = —

___________________________ MAIN PROGRAM

INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIORITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 5 HAS PRIORITY LEVEL S

VR000152
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PRIORITY LEVEL ARBITRATION (Continued)

The Interrupt Service Routine must be concluded
with the iret instruction. The iret instruction
executes the following operations:

- 1. Pops off the Flag register from the system Stack
- 2. Pops off PC high byte from the system Stack
- 3. Pops off PC low byte from the system Stack

- 4. Enables all the un-masked Interrupts, by set-
ting the CICR.IEN bit

The suspended program execution is thus recov-
ered at the interrupted instruction. All pending in-
terrupts existing, or having occurred during the
interrupt service routine execution, remain pending
until the Enable Interrupt instruction (even if it is
executed during the interrupt service routine).

NOTE: When Concurrent mode is selected, the
source priority level is meaningful only during the
arbitration phase, where it is compared to all the
other priority levels and the CPL, but no trace is
kept of its value during the Interrupt Service Rou-
tine. Therefore, if other requests are issued, once
the global CICR.IEN is enabled again, they will be
acknowledged regardless of the Interrupt Service
Routine priority value; if no care is taken by the pro-
grammer, unpleasant side effects can take place.

A typical case is the following: 3 pending requests
with different priority levels (ie 2,3,4) generate re-
quests at the same time (because the associated
events occurred during the same instruction). The
three interrupt service routines set Interrupt Enable
(IEN, CICR.4) by the ei instruction at the begin-
ning of the routine to avoid a high interrupt re-
sponse time to requests with a priority higher than
the one under service (usually, the higher the prior-
ity, the sooner the routine must be executed). Un-
fortunately, what will happen in this case is that the
three interrupt servicing routines will be executed
exactly in the opposite order of their priority. Inter-
rupt routine level 2 will be acknowledged first, then,
when the ei instruction is executed, it will be inter-
rupted by interrupt routine level 3, which itself will
be interrupted by interrupt routine level 4. When in-
terrupt routine level 4 is completed, interrupt rou-
tine level 3 will be recovered and finally, interrupt
routine level 2.

Therefore, it is recommended, in concurrent
mode, to avoid the insertion of the ei instruc-
tion in the interrupt subroutine, which can trig-
ger this LIFO (Last In, First Out) sequence of
interrupt processing.

Figure 4-6. Example of a Sequence of Interrupt Requests with :

- Concurrent mode
- El unchanged by the interrupt routines

PRIORITY LEVEL

INTERRUPT O HAS PRIORITY LEVEL O
INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIORITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 6 HAS PRIORITY LEVEL 6

R I INT.3 )
CPL =5
ei
cPL =5
5 4 MAIN PROGRAM J: = — = = = = o o e e e 1
CPL IS SET TO 5
~
6 2z
= =
A,
0w D CcPL =7
e g omdnnenme BT
Q
VR000153
‘ SGS-THOMSON 29/219
Y/, icrorEcTaoNICS
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PRIORITY LEVEL ARBITRATION (Continued)
Figure 4-7. Interrupt Mode Flow-Chart

SET INTERRUPT
PENDING BIT

e

ARBITRATION
START

(1)

CONCURRENT MODE

YES

PRIORITY > CPL ?

YES

YES

NO

NESTED MODE

NO

PRIORITY > CPL ?

YES

RESET EI
PUSH PC LOW ->@SP, SP<-SP+1
PUSH PC HIGH ->@SP, SP<-SP+1
PUSH FLAGS ->@SP, SP<-SP+1
GET VECTOR + ADDRESS FROM TABLE

CPL -> NICR
CPL' <- CPL INT SRC
PUSH PC LOW ->@SP, SP<-SP+1
PUSH PC HIGH ->@5P, SP<-SP+1
PUSH FLAGS ->@SP, SP<-SP+1
GET VECTOR + ADDRESS FROM TABLE

»

INTERRUPT SERVICE ROUTINE

INTERRUPT SERVICE ROUTINE

POP PC HIGH <-SP, SP<-SP-1
POP PC LOW <-SP, SP<-SP-1

(MAY SET EI TO RENABLE INTERRUPT) (INTERRUPTABLE))
@ @)
A 4 A
IRET IRET
POP FLAGS <-SP, SP<-SP-1 POP FLAGS <-SP, SP<-SP-1

POP PC HIGH <-SP, SP<-SP-1
POP PC LOW <-SP, SP<-SP-1

SET EI CPL < NICR
VR001835
Notes:
1. The interrupt arbitration starts 6 CPUCLK cycles befor the end of execution of each instruction (5 cycles during WFI).
2. Clear interrupt pending bit

30/219
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PRIORITY LEVEL ARBITRATION (Continued)

4.4.2 Nested Mode

The difference of the Nested mode to the Concur-
rent mode consists of the modification of the CPL
value during the interrupt processing. The arbitra-
tion phase is basically identical to the concurrent
Mode, however once the request is acknowledged,
the current CPL value is saved in the Nested Inter-
rupt Control Register (NICR, R247 page 0) by set-
ting the NICR bit corresponding to the CPL value
(i.e. if the CPL is 3, NICR.3 bit will be set). The CPL
value is ther updated with the Priority value of the
request just acknowledged, in this way the next ar-
bitration cycle will be performed against the priority
level of the Service Routine in progress.

The Interrupt Machine Cycle will perform the fol-

lowing steps:

- Disable all the maskable interrupts by clearing
IEN

- Save the CPL value into the special stack
NICR to hold the priority level of the suspended
routine

- Store in CPL the priority level of the acknow-
ledged routine, so that the next request priority
will be compared with the one of the routine
under service

- Push the PC-low byte into the System Stack
- Push the PC-high byte into the System Stack
- Push the Flag Register into the System Stack

Figure 4-8. Example of a Sequence of Interrupt Requests with :

- Nested mode

- El set to 1 during the interrupt routine execution

PRIORITY LEVEL

ei

INTERRUPT O HAS PRIORITY LEVEL O
INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIORITY LEVEL 3
INTERRUPT 4 HAS PRIORITY LEVEL 4
INTERRUPT 5 HAS PRIORITY LEVEL 5
INTERRUPT 6 HAS PRIORITY LEVEL 6

)
INT.2

57 SGS-THOMSON

PL = 7
7 A MAN PROGRAM - — = — = = e e [MAN_PROGRAM)
CPL IS SET T0 7 VROBO1S4
31/219
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PRIORITY LEVEL ARBITRATION (Continued)

- Load the PC with the vector pointed by IVR.

The iret Interrupt Return instruction executes the
following steps:

- 1. Pop off the Flag Register from the System
Stack

- 2. Pop off the PC-high byte from the System
Stack

_ 3. Pop off the PC-low byte from the System
Stack

- 4. Enable all the unmasked interrupts by set-
ting the IEN bit

- 5. Recover the interrupted routine priority level
by popping the value from the special register
(NICR) and by copying it into CPL.

The suspended execution is thus recovered at the
interrupted instruction.

REMARKS

1) Dynamic priority level modification: the main
program and routines can be specifically priori-
tized. Since CPL is represented by 3 bits in a
read/write register, it is possible to modify dynami-

cally the current priority value during the program
execution. This means that a critical section can
have a higher priority with respect to other interrupt
requests. Furthermore it is possible to prioritize
even the Main Program execution by modifying
CPL during its execution.

2) Maximum number of nestings: No more than 8
routines can be nested. If an interrupt routine at
level N is being serviced, no other Interrupts lo-
cated at level N can interrupt it. This guarantees a
maximum number of 8 nested levels including the
Top Level Interrupt request.

3) Priority level 7: Interrupt requests at level 7 can-
not be acknowledged as their priority cannot be
higher than the CPL value. This can be of use in a
fully polled interrupt environment.

A nested/concurrent mode sequence is given on
Figure 4-10. This example clearly shows that
Nested and Concurrent modes are defined by the
user. Note that here the Y axis is referenced by
CPL, instead of the source priority level, and that
Interrupt 1 stays pending, having a priority level
lower than CPL.

Figure 4-9. Example of a Sequence of Interrupt Requests with :

- Nested mode
- El unchanged by the interrupt routiness

PRIORITY LEVEL

CPL IS SET TO 5

5 —4-(MAIN PROGRAM f — - — — o e e e e e~

INTERRUPT O HAS PRIORITY LEVEL
INTERRUPT 2 HAS PRIORITY LEVEL
INTERRUPT 3 HAS PRIORITY LEVEL
INTERRUPT 4 HAS PRIORITY LEVEL
INTERRUPT 6 HAS PRIORITY LEVEL

o »> N O

cPL =7
7 MAIN PROGRAM)
VR000155
32/219
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PRIORITY LEVEL ARBITRATION (Continued)

Figure 4-10. Example of a Nested and Concurrent Mode Sequence

PRIORITY LEVEL INTERRUPT 1 HAS PRIORITY LEVEL 5
INTERRUPT 2 HAS PRIORITY LEVEL 2
INTERRUPT 3 HAS PRIORITY LEVEL 3
0 INTERRUPT 4 HAS PRIORITY LEVEL 2
INT2 INT3 INTERRUPT 5 HAS PRIORITY LEVEL 0
INTERRUPT 6 HAS PRIORITY LEVEL 1
T INTERRUPT 7 HAS PRIORITY LEVEL 2
2 e INT2 INT1
CPL=2
INT4 INT6/INT7
S R Mp— INT3
CPL=3
P U IR R PROGRAM |((INT4 J(INT6 )(INT7 ) INT4 )| MAIN_PROGRAM )
INTT CPL=4 A
ei
[ . HINTT pem e INT1
CPL:S\ CPL=5
ei
6 ~———— CPL set to 4
7 4+ MAIN PROGRAM | —— - — o e ] MAIN IAM bit = 0
cPL=7 cPL=7 TIME
I
< NESTED MODE l CONCURRENT MODE ———————————=
VA00489
| |
L§7 SGS-THOMSON 33/219
V7. icrosEcTRONCS
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4.5 EXTERNAL INTERRUPTS

The standard ST9 core contains 8 external inter-
rupts sources grouped into four pairs.

Table 4-2. External Interrupt Channel Grouping

External Interrupt Channel
INT7 INTD1
INT6 INTDO
INT5 INTD1
INT4 INTDO
INT3 INTD1
INT2 INTDO
INT1 INTD1
INTO INTDO

Each source has a trigger control bit TEAQ,..TED1
(R242,EITR.0,..,7 Page 0) to select triggering on
the rising or falling edge of the external pin. If the
Trigger control bit is set to “1”, the corresponding
pending bit IPAO,..,IPD1 (R243,EIPR.0,..,7 Page
0) is set on the input pin rising edge, if it is cleared,
the pending bit is set on the falling edge of the input
pin. Each source can be individually masked
through the corresponding control bit IMAO,..,IMD1
(EIMR.7,..,0). See Figure 4-12.

The priority level of the external interrupt sources
can be programmed among the eight priority levels
with the control register EIPLR (R245). The priority
level of each pair is software defined using the bits
PRL2,PRL1. For each pair, the even channel
(A0,B0,C0,DO0) of the group has the even priority
level and the odd channel (A1,B1,C1,D1) has the
odd (lower) priority level. Figure 4-11 shows an ex-
ample of priority levels.

34/219
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Figure 4-11. Priority Level Examples

PL20D PLID PL2C PLIC PL2B PL1B PL2A PLIA

1|o|o|o]1]o[o 1| BR
SOURCE PRIOR\ souRcs PRIORITY
INT.DO: 100=4 )NTAO 010=2
INT.D1: 101= 5 INT.A1: 011=3
INT.CO: 000=0] _[nTBO: 100=4
INT.C1: 001=1] | INT.B1: 101=5

VRO0O0151

- The source of the interrupt channel A0 can be
selected between the external pin INTO (when
IAOS = “1”, the reset value) or the On-chip
Timer/Watchdog peripheral (when IAQS = “0”).

- The source of the interrupt channel BO can be

selected between the external pin INT2 (when

(SPEN,BMS)=(0,0)) or the on-chip SPI periph-
eral.

- The source of the interrupt channel CO can be
selected between the external pin INT4 (when
EEIEN = “0”) and the on-chip EEPROM write
completion interrupt (when EEIEN="1").

All other interrupt channels have an input pin as
source, however, the input line may be multiplexed
with an on-chip peripheral I/O or connected to an
input pin that performs also other function (as in
the case of the handshake feature).

Table 4-3. Internal/External Interrupt Source

Channel Interga:d:;zrrupt Extergzlu I:Lteerrupt
INTAO Timer/Watchdog INTO
INTBO SPI Interrupt INT2
INTCO EEPROM INT4

« MICROELECTRONICS
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EXTERNAL INTERRUPTS (Continued)
Figure 4-12. External Interrupts Control Bits and Vectors

Watchdog/Timer A0S

-
m
>
[=]

End of t
nd of coun | 4 VECTOR [v7]ve[vs[va[oJo o[ x]
i F1 |priority reve INT AO
request
INT O pin l Mask bit IMAQO | Pending bit | IPAQ "

-
m
Z

VECTOR V7|V6[V5{V4| 0|0 | 1]X

Priority level xXIxT1] INT A1

INT 1 pin oo

e

request
Mask bit IMA1 | Pending bit IPA1
SPEN,BMS TEBO
SPI Interrupt l
* VECTOR V7(v6{V5[Vv4[ 0| 1]0|X
_{ Priority level XIxT0] INT BO
- e
. request
INT 2 pin }- Mask bit IMBO | Pending bit | IPBO
TEB1
_j._ VECTOR V7|VE(V5|V4| 0| 1 [ 1]X
Priority level XIX|1
INT 3 pin — | 1 | | Priority level XIXT1] . INT [31t
reques
“L—J | Mask bit IMB1 | Pending bit | IPB1
EEIEN TECO
EEPROM Interrupt i
‘ VECTOR V7{V6(V5|v4f 1|0 |0 | X
_*_ Priority level XIXT0] INT CO
| ——
. request
INT 4 pin l Mosk bit IMCO | Pending bit IPCO
TECT
_+- VECTOR V7|V6[V5[v4al 110 | 1|X
INT 5 pin o | | | Priority level XIXT1] I INT C1
request
l Mask bit IMC1 Pending bit IPC1
TEDO
—%“ VECTOR V7|VE[V5|V4l 1] 1[0 X
INT & pin | | Priority level [xXTxT0o] INT DO
_t 7 7 ~— _ . = request
L—J | Mosk bit [IMUU | Pending bit [ IFUD |
TED1
j- VECTOR V7{V6|V5[va| 111 [1]X
INT 7 pin | |Priority tevel XIXTT] INT D1
request
-L Mask bit IMD1 | Pending bit | IPD1
VR000440
LNy SGS-THOMSON 35/219
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4.6 TOP LEVEL INTERRUPT

The Top Level Interrupt channel can be assigned
either to the external pin NMI or to the
Timer/Waichdog according to the staius of ihe
control bit EIVR.TLIS (R246.2, Page 0). If this bit is
high (the reset condition) the source is the external
pin NMI, if it is low, the source is the Timer/ Watch-
dog End Of Count. When the source is the NMI ex-
ternal pin, the control bit EIVR.TLTEV (R246.3;
Page 0) selects between the rising (if set) or falling
(if cleared) edge generating the interrupt request.
When the selected event occurs, the CICR.TLIP bit
(R230.8) is set. Depending on the mask situation,
a Top Level Interrupt request may be generated.
Two kinds of masks are available, a Maskable
mask and a Non-Maskable mask. The first mask is
the bit CICR.TLI (R230.5): it can be set or cleared
to enable or disable respectively the Top Level In-
terrupt request. If it is enabled, the global Enable
Interrupt bit CICR.IEN (R230.4) must also be en-
abled in order to allow a Top Level Request.

The second mask NICR.TLNM (R247.7) is a set-
only mask. Once set, it enables the Top Level In-

Figure 4-13. Top Level Interrupt Structure

terrupt request independently of the value of
CICR.IEN and it cannot be cleared by program.
Only the processor RESET cycie can ciear ihis bii.
The Top Level Interrupt Service Routine cannot be
interrupted by any other interrupt request, in any
arbitration mode, even by another Top Level Inter-
rupt request.

Warning. The interrupt machine cycle of the Top
Level Interrupt does not clear the CICR.IEN bit,
and the corresponding i ret does not set it.

4.7 ON-CHIP PERIPHERAL INTERRUPTS

The general structure of the peripheral interrupt
unit is described here, however each on-chip pe-
ripheral has its own specific interrupt unit contain-
ing one or more interrupt channels, or DMA
channels. Please refer to the specific peripheral
chapter for the description of its interrupt features
and control registers.

WATCHDOG ENABLE 0

WDEN \ CORE
L/ RESET
WATCHDOG TIMER TLIP
END OF COUNT MUX PENDING TOP LEVEL
} INTERRUPT
ASK REQUEST
NMI [ } OR %
s
TLTEV
TLNM
TL —
IEN ——
I VA00294
36/219
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INTERRUPT
MACHINE
CYCLE

ST9 - Interrupts
the interrupt cannot
OR DMA

(

6+5L 7+5L 8+5L

0: the highest priority
WFI LOOP

7: the lowest priority

be acknowledged)
- Interrupt Vector Register (IVR, up to 7 bits)

The IVR points to the vector table which itself

These bits define the source priority level
contains the interrupt routine start address.

PRL
PRL

1450 2+5L 3+5L 4+5L 5+5L

- Priority Level (PRL, 3 bits)

WFI EXECUTION PERIOD

5

M2

“0”, no interrupt request is generated. If
M1

“1” an interrupt request is generated when-

CLOCK2

If IM

M
ever IP = “1” and CICR.IEN = “1”.

curs. Can be set/cleared by software to gener-
ate/cancel pending interrupts and give the

status for Interrupt polling.

Set by hardware when the Trigger Event oc-
- Interrupt Mask bit (IM)

ON-CHIP PERIPHERAL INTERRUPTS (Continued)
The on-chip peripheral interrupt channels provide

the following control bits:
Figure 4-14. Wait For Interrupt Timing

- Interrupt Pending bit (IP)

T
|
|
DISCARDED
2nd FETCH

|
|
|
I
|
|
|
|
I
I
|
I
L
|
I
|
|
1
|

\ I,
1
|
|
i
|
.
|
|
I
|
|
|
1
I
L

X A15-A8
I
|
|

A7-A0

|

|

I

|

«Q
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ Ll -
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 0 b
L= <
\\\\\\\\\\\\ 4-—-F - ] i st
................................... ---25
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ b
b3S}
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -——@g
oo
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ——— o
<
||||||||||||||||||||||||||||||||||| ———
~
llllllllllllllllllllllllllllllllllll - _ <
llllllllllllllllllllllllllll — ] —
o
||||| I ——— ] 9 |-
| ]
||||| S [EEDRPDUN (U N — N N AU -
IIIIIIIIIIIIIIIIIIIIIIIIIIII —__ ___ | T | __ o
<
llllllllllllllllllllllllllllllllllll !
~
\\\\\\\\\ Ul||||.1141\\\\‘v.J[\I <
|||||||||||||||||||||||||||| — ] - L
; [
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 0 |-—-—
<
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww B I .
n
|||||||||||||||||||||||||||||||||||| < |--— o =
<

CPUCLK
INT
SAMPLE

37/219
121

VROO01411

CTRONICS

ELEC

[

SGS-THOMSON

MICRO

(<7




ST9 - Interrupts

4.8 WAIT FOR INTERRUPT INSTRUCTION

The Wait For Interrupt instruction suspends pro-
gram execution until an interrupt request is ac-
knowiedged. During the WFi instruction, the
CPUCLK is halted while INTCLK keeps running.
Under this state, the power consumption of the
processor is lowered by the CORE power con-
sumption value.

Figure 4-15. Interrupt Acknowledge Timing

4.9 INTERRUPT RESPONSE TIME

Interrupt requests are sampled 6 CPUCLK cycles
before the end of the instruction. If Wait For Inter-
rupt is in progress, requests are sampied every 5
CPUCLK cycles. If the interrupt request comes
from an external pin, the programmed event has to
be set a minimum of one CPUCLK cycle before the
sampling time.

INTERRUPT MACHINE CYCLE

. MEMORY WRITE , MEMORY WRITE
M1 M2
™M |12 |73 1 |12 1 2 1 3| 4] 5 6 | 7| 8 9 |10 | 1
AS | i
I I
| | | I | |
| 1 | 1 | |
| | | I | I
| 1 | ] | |
' ' | | | |
| | |
/c T 1 1 1 T T
DS ! l I | | | ! i | | ! | | !
| |
| 1 | I | |
I FETCH OPCODE | FETCH 2NdBYTE | | #PUSH PCL | # PUSH PCH |
"  DISCARDED ' DISCARDED ' r o o
_____ ]
MEMORY WRITE MEMORY READ MEMORY READ
m T2 T3| T T2 | T3
12 |13 |14 |15 |16 17 18 19| 20| 21|22 | 23| 24|25 | 26

LI

e

I

I

|

|

|

|

|

|

|

I

I I |
i

|

|
-

1
1
1
]
I
]
|
T
[}
:
FETCH OPCODE | FETCH 2"9BYTE
b

11 ----

DS L L —
# PUSH FLAGS READ VECTOR HIGH | READ VECTOR LOW
VR001414
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INTERRUPT RESPONSE TIME (Continued)

In order to guarantee the falling/rising edge detec- - 28 internal clogk cycles (CPUCLK), if a Wait
tion, input signals must be kept low/high for a mini- For Interrupt is in progress

mum of one CPUCLK cycle. - 32 internal clock cycles (CPUCLK), if the ac-
An interrupt machine cycle takes 26 internal clock knowledge cycle follows a DMA transfer with
cycles (CPUCLK), with some exceptions as fol- Register File

lows:

Figure 4-16. External Interrupt Response Time

INTERRUPT
CURRENT INSTRUCTION EXECUTION MACHINE CYCLE

1

____________ :
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L .
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| | |
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4.10 INTERRUPT REGISTERS

CICR R230 (E6h) System Read/Write
Central Interrupt Control Register
Reset value: 1000 0111 (87h)

7 0

EITR R242 (F2h) Page 0 Read/Write
External Interrupt Trigger Event Register

Reset value: XXXX 0000 (00h)
7 0

NI CIEICIED

Lo 00 e | e e | 0| v | o

b7 = GCEN: Global Counter Enable bit. When set
the 16 bit MultiFunction Timers are enabled (see
Timer Control Register in MULTI FUNCTION
TIMER chapter)

b6 = TLIP: Top Level Interrupt Pending bit. Set by
hardware when the Trigger Event occurs. Cleared
by hardware when the Top Level Interrupt is ac-
knowledged.

b5 = TLI: Top Level Interrupt bit. If TLI =“1", and
IEN is set, a Top Level Interrupt request is gener-
ated as TLIP is set. If TLI = “0”, a request is gener-
ated only if TLNM is set.

b4 = IEN: Interrupt Enable. If IEN = “0”, no mask-
able Interrupt requests are generated. This bit is
cleared by the interrupt machine cycle and it is set
by the IRET instruction of maskable routines.

b3 = IAM: Interrupt Arbitration Mode. If IAM = “0”,
Concurrent Arbitration Mode is selected; If IAM =
“1” Nested Mode is selected.

b2-b0 = CPL2, CPL1, CPLO: Current Priority
Level. Defines the Current Priority Level under
service. CPL=0 is the highest priority. CPL=7 is the
lowest priority. This bits may be modified directly
by the interrupt hardware when the Nested Inter-
rupt Mode is used.

40/219
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If TExy bit is set, the pending bit will be set upon the
rising edge of the input signal.

If TExy is cleared, the pending bit will be set upon

the falling edge of the input signal.

All bits are set/reset only by software.

b7 = TED1: Trigger Event of Interrupt Channel D1
b6 = TEDO: Trigger Event of Interrupt Channel DO
b5 = TEC1: Trigger Event of Interrupt Channel C1
b4 = TECO: Trigger Event of Interrupt Channel CO
b3 = TEB1: Trigger Event of Interrupt Channel B1
b2 = TEBO: Trigger Event of Interrupt Channel BO
b1 = TEA1: Trigger Event of Interrupt Channel A1
b0 = TEAQ: Trigger Event of Interrupt Channel A0

IDPR R243 (F3h) Page 0 Read/Write
External Interrupt Pending Register

Reset value: 0000 0000 (00h)
7 0

’IPD1LIPDO‘ IF’C1]IPQ)| IPB1 ‘ IPH)‘ IF’A1[IPAO!

b7 = IPD1: Interrupt Pending bit Channel D1
b6 = IPDO: Interrupt Pending bit Channel DO
b5 = IPC1: Interrupt Pending bit Channel C1
b4 = IPCO: Interrupt Pending bit Channel CO
b3 = IPB1: Interrupt Pending bit Channel B1
b2 = IPBO: Interrupt Pending bit Channel BO
b1 =IPA1: Interrupt Pending bit Channel A1
b0 = IPAO: Interrupt Pending bit Channel A0

IP bits are hardware set upon the occurence of the
trigger event and are reset by the interrupt acknow-
ledge machine cycle.

Note. IP bits may be set by the programmer to im-
plement a software interrupt.

XONICS
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INTERRUPT REGISTERS (Continued)

EIMR R244 (F4h) Page 0 Read/Write
External Interrupt Mask-bit Register
Reset value: 0000 0000 (00h)

7 0

EIVR R246 (F6h) Page 0 Read/Write
External Interrupt Vector Register

Reset value: xxxx 0110 (X6h)
7 0

[IND1IIN[X)’WC1lINQ)IINB1}INEX)‘IMA1IIMAD'

| \' ] V6 t V5 l V4 ]TLTEV‘ TLISlINB’EV\EN‘

EIMR bits are set/reset by software

When the IM bit is set (and the global IEN is en-

abled), an interrupt request is generated if the cor-

responding IP bit is set. When IM = “0”, no request

will be generated.

- IMxy = “1”: an interrupt request can be acknow-
ledged (depending on IEN)

- IMxy = “0”: an interrupt request is masked.

b7 = IMD1: Interrupt Mask of Interrupt Channel D1
b6 = IMDO: Interrupt Mask of Interrupt Channel DO
b5 = IMC1: Interrupt Mask of Interrupt Channel C1
b4 = IMCO: Interrupt Mask of Interrupt Channel CO
b3 = IMB1: Interrupt Mask of Interrupt Channel B1
b2 = IMBO: Interrupt Mask of Interrupt Channel BO
b1 = IMA1: Interrupt Mask of Interrupt Channel A1
b0 = IMAO: Interrupt Mask of Interrupt Channel A0

EIPLR R245 (F5h) Page 0 Read/Write
External Interrupt Priority Level Register

Reset value: 1111 1111 (FFh)
7 0

‘PL2D]PL1DIPL20|PL1C[PL2B‘PL1BIPL2A‘ PL1A—|

EIPLR bits are set/reset by software

b7-b6 = PL1D, PL2D: Priority level for the Group
INTDO, INTD1

b5-b4 = PL1C, PL2C:
INTCO, INTC1

b3-b2 = PL1B, PL2B:
INTBO, INTB1

4 _ln DI4A DI NOA.
VITUVU = FkiA, MNecA.

INTAO, INTA1

Priority level for the Group

Priority level for the Group

Dyimvits ) Invind $fav thn Memiim
ity 1evern i uie aroup

= MICRO!

["7 SGS-THOMSON

b7-b4 = V7 to V4: Most significant nibble of Exter-
nal Interrupt Vector. Not initialized by reset.

b3 = TLTEV: Top Level Trigger Event bit When
set, the Top Level event is triggered on rising edge
of NMI input pin. Triggering on the falling edge of
the NMI input pin is activated when this bit is “0”
(reset value)

b2 =TLIS: Top Level Input Selection bit This bit se-
lects the source of the Top Level Interrupt between
the external NMI pin (when “1”, the reset value)
and the Timer/Watchdog End of Count (when “0”).
b1 =1AO0S: Interrupt A0 Selection bit When set, the
External Interrupt pin is selected as the External In-
terrupt Channel A0 source. When reset the source
is the Timer/Watchdog End of Count interrupt.

b0 = EWEN: External Wait Enable bit When set,
this bit enables the WAIT input pin to stretch the
external memory access cycle. For more details of
the WAIT mode, the reader should refer to the
Clock and Wait chapter or External memory Inter-
face chapter.

NICR R247 (F7h) Page 0 Read/Write
Nested Interrupt Control Register

Reset value: 0000 0000 (00h)
7 0

b7 = TLNM: Top Level Not Maskable.

If TLNM = “1”, a top level request is generated as
TLIP is set. Once TLNM is set, it can be cleared
only with an hardware reset

bx = HLx: Hold Level x These bits are set to “1”
when, in Nested Mode, an interrupt service routine
at level x is interrupted from a request with higher
priority (other than the Top Level interrupt request).
It is cleared by the iret execution when the rou-
tine at level x is recovered.
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5 ON-CHIP DMA

5.1 INTRODUCTION

The ST9 includes on chip Direct Memory Access
(DMA) channels to provide high-speed data trans-
actions between peripherals and memory or the
Register File. Multi-channel DMA is fully supported
by peripherals with their own controlier and DMA
channel(s). Each DMA channel transfers data to or
from contiguous locations of the Register File, Pro-
gram Memory or Data Memory. The maximum
number of transactions that each DMA channel
can perform is 222 if the Register File is selected,
‘or 65536 if Program or Data Memory is selected.

The DMA controller in the Peripheral uses an indi-
rect addressing mechanism to DMA Pointers and
Counter Registers stored in the Register File. This
“is the reason that the maximum number of transac-
tions for Register File is 222, as two Registers are
allocated for the Pointer and Counter. Register
pairs are used for memory pointers and counters to
offer the full 65536 byte and count capability.

The ST9 supports a fully programmable DMA priority
structure included within the interrupt structure.

Figure 5-1. DMA Overview

5.2 DMA PRIORITY LEVEL ARCHITECTURE

The 8 priority levels used for interrupts are also
used to prioritize the DMA requests, which are ar-
bitrated in the same arbitration phase as interrupt
requests. If the event occurrence requires a DMA
transaction, this will take place at the end of the
current instruction execution. When an interrupt
and a DMA request occur simultaneously, on the
same priority level, the DMA request is serviced
before the interrupt.

Note however that an interrupt priority request
must be higher than the CPL value in order to be
acknowledged. For a DMA transaction request, it
must be equal to or higher than the CPL value in
order to be executed.

Thus only DMA transaction requests can be ac-
knowledged when CPL = 7.

DMA requests do not modify the CPL value as the
DMA transaction is non-interruptable.
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DMA TRANSACTIONS (Continued)

Figure 5-2. DMA Between Registers and peripherals
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5.3 DMA TRANSACTIONS

The purpose of on-chip DMA channel is to transfer
a block of data from/to the peripheral to/from Reg-
ister File or Memory. Each DMA transfer consists
of three operations:

- A load from/to the peripheral data register to a
location of Register File (or Memory) ad-
dressed 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.

If the DMA transaction is made between the pe-
ripheral and the Register File (Figure 5-2), one
register is required to hold the DMA Address and
one to hold the DMA transaction counter. These
two registers must be located in the Register File:
the DMA Address Register in the even addressed
register, the DMA transaction Counter in the fol-
lowing register (odd address). They are pointed to
by the DMA Transaction Counter Pointer Register
(DCPR) located in the page registers of the periph-
eral. In order to select the DMA transaction with the
Register File, the control bit DCPR.RM (bit 0 of
DCPR) must be set.

The Transaction Counter Register must be initial-
ized with the number of DMA transfers to perform
and will be decremented after each transaction.
The DMA Address Register must be initialized with
the starting address of the DMA table in the Regis-
ter File, and is increased after each transaction.
These two registers must be located between ad-
dresses 00h and DFh of the Register File.

If the transaction is made between the peripheral
and Memory Space (Program or Data Memory),
‘aregister pair (16 bits) is required for the DMA Ad-
dress and for the DMA transaction Counter (Fig-
ure 5-3. Thus, two register pairs must be located in
the Register File. The DMA Transaction Counter is
pointed to by the DMA Transaction Counter
Pointer Register (DCPR), the DMA Address is
pointed to by the DMA Address Pointer Register
(DAPR), both DCPR and DAPR are located in the
page registers of the peripheral. When selecting
the DMA transaction with memory, the control bit
DCPR.RM (bit 0 of DCPR) must be cleared to “0".

« MIC

‘y_l SGS-THOMSON
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To select between Program or Data Memory, the
control bit DAPR.DP (bit 0 of DAPR) must be
cleared or set respectively.

Once the DMA table is completed (the transaction
counter reaches 0 value), an Interrupt request to
the CPU is generated.

The DMA transaction Counter must be initialized
with the number of transactions to perform and will
be decremented after each transaction. The DMA
Address must be initialized with the starting ad-
dress of the DMA table and is increased after each
transaction. These two register pairs must be lo-
cated betweeen addresses 00h and DFh of the
Register File.

Once a DMA channel is initialized, a transfer can
start. The direction of the transfer (data from/to pe-
ripheral to/from memory or Register File) is auto-
matically defined by the type of peripheral and
programming mode.

When the Request Pending bit is set by a hard-
ware event (or by software), and the DMA Mask bit
is set, a DMA request is generated. If the Priority
Level of the DMA source is higher than or equal to
the Priority Level under service (CPL) the DMA
transfer is executed at the end of the current in-
struction. DMA transfer reads/writes data from/to
the location pointed by the DMA Address Register,
increments the DMA Address register and decre-
ments the Transaction Counter Register. When
the content of the Transaction Counter is decre-
mented to zero, the DMA Mask bit (DM) is cleared
and an interrupt request is generated according to
the Interrupt Mask bit (End of Block interrupt). This
End-of-Block interrupt request is taken into ac-
count depending on the PRL value.

WARNING. DMA request are not acknowledged if
the top level interrupt service is in progress.

5.4 DMA CYCLE TIME

DMA and Interrupt requests are sampled 6
INTCLK cycles before the end of the instruction. If
Wait For Interrupt is in progress, requests are sam-
pled every 5 INTCLK cycles. DMA transactions are
executed if their priority allows it.

A DMA transfer with the Register file takes 8
CPUCLK cycles, except when the Wait For Inter-
ruptis in progress (10 CPUCLK cycles).

A DMA transfer with the memory takes 16
CPUCLK cycles except when the Wait For Inter-
rupt is in progress (18 CPUCLK cycles).
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Figure 5-4. DMA Transaction to Memory
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Figure 5-5. DMA Transaction from Memory
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5.5 THE SWAP-MODE

An extra feature of ST9 DMA channels of some pe-
ripherals (i.e the MultiFunction TIMER) is the
SWAP mode. This feature allows transaction from
two DMA tables alternatively. All the DMA descrip-
tors in the Register File are thus doubled. Two
DMA transaction counters and two DMA address
pointers allow the definition of two fully inde-
pendent tables (they only have to belong the same
space, Register file or Data memory or Program
memory). The DMA transaction is programmed to
start on one of the two tables (say table 0) and, at
the end of block, the DMA controller automatically
swaps to the other table (table 1) by pointing to the
other DMA descriptors. In this case, the DMA mask
(DM bit) control bit is not cleared, but the End Of
Block interrupt request is generated to allow the
optional updating of the first data table (table 0).

Until the swap mode is not disabled, the DMA con-
troller will continue to swap between DMA Table 0
and DMA Table 1.

5.6 DMA REGISTERS

As each peripheral DMA channel has its own con-
trol registers, the following register list should be
considered as a general example. The names and
register bit allocation shown here may be different
from those found in the peripheral chapters.

DCPR Address set by Peripheral Read/Write
DMA Counter Pointer Register

Reset value: undefined
7 0

EIEIEIEI NI ED

b7-b1 = C7-C1: DMA Transfer Counter Register(s)
Address

b0 = RM: Register File/Memory Selector If set, the
DMA transactions are done with the Register File;
if cleared, the DMA transactions are done with the
Program or Data memory (see DAPR.DP)

iy
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IDCR Address set by Peripheral Read/Write
Generic Peripheral Interrupt and DMA Control

Reset value: undefined
7 0

b5 = IP: Interrupt Pending. Set by hardware when
the Trigger Event occurs. Cleared by hardware
when the request is acknowledged for DMA cycles
and external interrupts only. Can be set/cleared by
software in order to generate/cancel a pending re-
quest. Identical in function to IP of ICR.

b4 = DM: DMA Mask. If DM = “0" no DMA request
is generated when the trigger event occurs. This bit
is cleared whenever the transaction counter
reaches zero (unless SWAP mode is active).

b3 = IM: Interrupt Mask. If IM = “0" no interrupt re-
quest is generated. If IM = "1" DMA requests de-
pend on DM bit value as shown above.

b2-b0 = PRL2, PRL1, PRLO: Priority Level Defini-
tion of the source priority level. PRL = 0 is highest
priority. If PRL = 7, no interrupt can be acknow-
ledged, DMA requests will be.

I IP | I]Vll M |PHL2|PFL11PF§LO|

DAPR Address set by Peripheral Read/Write
DMA Address Pointer Register

Reset value: undefined
7 0

(A?[AﬁlASIAA]KS|A2|A1|DPI
b7-b1 = A7-A1: DMA Address Register(s) Address
b0 = DP: Data/Program Memory Selector:
(DAPR.RM is “0") if set the DMA transactions are

made with the Data Memory; if cleared the DMA
transactions are made with the Program Memory.
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6 CLOCK

6.1 INTRODUCTION

The ST9 Clock generator module generates the in-
ternal clock for the ST9 core and the on-chip pe-
ripherals. The Clock generator can be driven by an
external crystal circuit, connected to the OSCIN
and OSCOUT pins, or by an external pulse gener-
ator, connected to OSCIN.

6.2 CLOCK MANAGEMENT

The oscillator circuit generates an internal clock
signal with the same period and phase as at the
OSCIN input pin. The maximum frequency allowed
is 24MHz.

As shown in Figure 6-6, the CLOCK1 signal drives
a programmable divider by two. If the control bit
MODER.DIV2 (R235.5) is set, the internal clock
CLOCK?2 is CLOCK1 divided by two; otherwise, if
DIV2 bit is cleared, the clock signal CLOCK2 has
the same period and phase as CLOCK1. CLOCK2
drives the internal clock INTCLK delivered to all
ST9 on-chip peripherals and acts as the central
timebase for all timing functions (eg Multifunction
Timer or Serial Communications Interface Baud
Rate generator).

The maximum frequency allowed for INTCLK is
12MHz. For internal operating frequencies above
8MHz, it is recommended to work with the Clock
Divider active in order to provide a duty cycle of
50% for INTCLK.

Figure 6-1. Peripheral and Core Clocks

CLOCK2 also drives a programmable prescaler
which generates the basic time base, CPUCLK, for
the instruction executer of the ST9 core. This al-
lows the user to slow the program execution time
to reduce power dissipation, and to locally speed
up certain code segments for time critical routines.
The internal peripherals are not affected by the
CPUCLK prescaler. The prescaler value divides
the input clock by the value programmed in the
control bits MODER.PRS2,1,0 (R235.4,3,2). If the
prescaler value is zero, no prescale is made, thus
CPUCLK has the same period and phase as
CLOCK2 and INTCLK. If the value is different from
0, the prescaling is equal to the value plus one,
ranging thus from two (PRS2,1,0 = 1) to eight
(PRS2,1,0 = 7). The clock generated is shown in
Figure 6-2. It must be noticed that the prescaling of
the clock does not keep the duty cycle to 50%, but
stretches the high level of the clock until comple-
tion.

When External Memory Wait (or Bus Request or
Wait for Interrupt) events occur, CPUCLK is
stretched on the high level for the whole period re-
quired by the function.

Note. The added wait cycles refer to the INTCLK
frequency and not the original CPUCLK.

Figure 6-3 shows an example of a memory access
cycle with the CPUCLK prescaled by 2 and with 5
added Wait states.

MEMORY WAIT STATE
BUS REQUEST
WAIT FOR INTERRUPT

DIVIDE PRESCALER CLOCK
— osc CPUCLK
CLOCK1 BY 2 | crockz | ! T0 8 CONTROL (CORE CLOCK)
MAX MAX INTCLK
24MHz 12MHz (PERIPH. CLOCK)
—— VA00448
02-93 SON 49/219
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6.3 CLOCK CONTROL REGISTER

The ST9 clock division by 2 and the clock prescal- Figure 6-2. Core Clock Prescaling
ing are controlled by the MODER register.

Note. This register contains bits with other functions.
Only the bits relating to control of the clock are
shown here.
MODER R235 (EBh) System Read/Write
Mode Register
Reset Value : 1110 0000 (EOh) ;OE
BERERERERERNREREREE
7 0
R O O O R O N O
rx‘ X ]DIVZ‘PFISZ‘PFS1‘PFSO| X 1 Xl o0 7 | L] 2l
b5 = DIV2: OSCIN Divided by 2. This bit controls the on T L] s
divide by 2 circuit which operates on the OSCIN PUEKY e 1] L
Clock. A logical “1” value means that the OSCIN
clock is internally divided by 2, and a logical “0” value o L]
means that no division of the OSCIN Clock occurs. o T | T
b4-b2 = PRS2, PRS1, PRSO0: Prescaling of ST9 "
Clock. These bits define the prescaler value used to U L
prescale the CPUCLK from INTCLK. When these VA00260
three bits are reset, the CPUCLK is not prescaled,
and is equal to INTCLK; in all other cases, the inter-
nal clock is prescaled by the value of (PRS2,1,0 + 1).

Figure 6-3. Memory Access with a Clock Prescaler by 2 and 5 Wait Cycle

| T | 2 [ow | mw | tw | mw | tw| 3 |
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6.4 OSCILLATOR CHARACTERISTICS

The on-chip oscillator circuit (Figure 6-4) is an in-
verting gate circuit.

Note. Owing to the Q factor required, Ceramic
Resonators may not provide a reliable oscillator
source.

In Halt mode, set by means of the HALT instruction,
the parallel resistor R is disconnected and the os-
cillator is disabled, forcing the internal clock
CLOCKT1 to a high level and OSCOUT to a low
level.

To exit the HALT condition and restart the oscilla-
tor, an external RESET pulse is required of a mini-
mum duration of 12ms (Figure 6-7).

It must be noted that if the Timer/Watchdog watch-
dog function is enabled, a HALT instruction will not
disable the oscillator. This to avoid stopping the
watchdog if, by an error, a HALT code is executed.
When this occurs, the ST9 CPU falls into an end-
less loop ended by the watchdog (or external) re-
set.

Figure 6-5. Crystal Oscillator

CRYSTAL CLOCK

oscouTt

4 c,

1 I

VA00267

Figure 6-4. Internal Oscillator Schematic

HALT

L

OscouT
VA00269

Note: 300Q2 < RIN < 700Q

ROUT<50W R> 1.5MQ R > 50Q

Figure 6-6. External Clock

EXTERNAL CLOCK

OsCouT

CLOCK NC
INPUT VA00268

Table 6-1. Crystal Specification (CO < 7pF)

Table 6-2. Oscillator Transductance

Frequency (C1=C2=56pF|C1=C2=47pF|C1=C2=22pF
(MHz) Rs Max Rs Max Rs Max
24 20 25 70
16 40 60 150
12 80 100 250
8 180 240 600
4 700 800 600

Lyj SGS:THOMSON

gm Min Typ Max
mA/V 3 5.8 9.5
Legend

Rs: Parasitic Series Resistance of the quartz crystal (upper limit)

CO0: Parasitic capacitance of the quartz crystal (upper limit, < 7pF)

C1, C2: Maximum Total Capacitances on pins OSCIN and
OSCOUT(the value includes the external capacitance tied to
the pin plus the parasitic capacitance of the board and.of the
device)

gm: Transconductance of the oscillator,

Notes.The tables are relative to the fundamental quartz crystal
only (not ceramic resonator).
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OSCILLATOR CHARACTERISTICS (Continued)

Figure 6-7. Oscillator Start-up Sequence

Vee max

Vec MiN

OSCIN
OSCOoUT

12ms t

INTCLK

t
VA00295
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7 RESET

7.1 INTRODUCTION

The processor Reset overrides all the other condi-
tions and forces the ST9 to the reset state. During
Reset, the internal registers are set to the reset
value, as shown in Table 7-1 for the system and
Page 0 Registers and the 1/O pins are set to the
Bidirectional Weak Pull-up mode (see Warning).
The programmer must then initialize the ST9 sys-
tem and peripheral control registers to give the re-
quired functions.

7.2 RESET GENERATION

The reset condition can be generated by the exter-
nal pin RESET or by the on-chip Timer/Watchdog.

The on-chip Timer/Watchdog generates a reset
condition if the watchdog mode is enabled
(WCR.WDEN cleared, R252 page 0), and if the
programmed period elapses without the specific
code (AAh,55h) written to the appropriate register.
The input pin RESET is not driven low by the on-
chip reset generated by the Timer/Watchdog.

During reset, the DS output signal is kept low and
the AS output is toggled with the crystal frequency
(input at OSCIN) divided by 32. This condition is
recognized by off-chip Z-bus peripherals as a reset
condition.

Figure 7-1. Signal to be applied on Reset Pin

Vv
Reset

\"

cc

0.3v
cc

70%

INTERNAL
RESET

tRL = Minimum Low State

RESET = 53 OSCIN Cycles VRO00166

02-93

"_l SGS-THOMSON

« MICROELECTRONICS

7.3 RESET PIN TIMING

The RESET pin has a Schmitt trigger input circuit
with hysteresis. The internal reset is generated by
the external pin synchronized with the internal
clock. The power up reset circuit must keep the
RESET input low for a minimum of the crystal
startup period plus 53 crystal periods.

Once the RESET pin reaches a logical “1”, the
processor exits from the reset status after 67 crys-
tal periods from the rising edge (DS is set). The
processor then fetches from Program Memory lo-
cations 0 and 1 (power-on reset vector) and begins
program execution from the address contained in
the vector. If the ST9 is a ROMLESS version, with-
out on-chip program memory, ports PortO, Port1
(and Port6 for ST905x family) are set to external
memory mode (i.e Alternate Function) and the
memory accesses are made to external Program
memory with wait cycles insertion.

WARNING: /O pins are set to the Weak Pull-up
mode during the Reset cycle. This state is forced
during the reset sequence, but the I/O pins can be
in a random state for up to 64 crystal periods.

The application circuit must take this into account if
it can lead to critical situations in the external cir-
cuitry.

7.4 PROCESSOR SYNCHRONIZATION UNDER
RESET

During reset, a specific procedure has been imple-
mented to synchronize two or more oscillators in a
multi-micro ST9 based system, for example a ma-
jority voting high reliability system. Figure 7-2
shows the principle schematic for the multi-micro-
processor synchronization. The master processor
delivers the synchronous signal, output at igs-AS
pin, to the R/W pin of the slave processors, - The
R/W pin is, under reset status, set to input with a
weak (10kQ typical) pull up resistor. The slave
processor(s) synchronizes its internal clock phase
with the clock received at its R/W pin. To guarantee
the phase synchronization, the reset status must
be at least 32x31 = 992 crystal periods. All the
processors must have the same input clock.
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RESET (Continued)
Table 7-1. Internal Registers Reset Values
':‘ig’;‘::; System Register Reset Value Page 0 Register Reset Vaiue

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 (PORTS5) FFh (EIPLR) FFh
4 (PORT4) FFh (EIMR) 00h
3 (PORT3) FFh (EIPR) 00h
2 (PORT2) FFh (EITR) 00h
1 (PORT1) FFh (EEPROM) xx00 0000b
0 (PORTO) FFh Reserved

Figure 7-2. Synchronization Under Reset

7.5 EPROM PROGRAMMING PIN

RESET
CLOCK OSCIN AS
ST9
RESET R/W
OSCIN AS |-
ST9
RESET R/W
OSCN ¢qq A5 -
—RESET R/W
VR000165
54/219
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The ST9 versions with on-chip EPROM memory
require an external programming voltage Vpp to
perform the programming procedure. The Vpp
voltage must be applied to the RESET pin during
the whole programming phase. Refer to the
EPROM Programming Board Manual for specifica-
tions.
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RESET (Continued)

Figure 7-3. Exit From Reset Timing
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8 EXTERNAL MEMORY INTERFACE

8.1 INTRODUCTION

In the event of an application requiring more
ROM space than available on-chip, or for easier
program management and customization with
external memory or peripherals, the ST9 micro-
controller provides an external memory interface.
The external memory interface provides the
memory lines and timing and status control sig-
nals, plus enhanced features including program-
mable memory wait cycles, bus
request/acknowledge cycles and shared memory
bus access control.

The ST9 Memory Control Unit automatically recog-
nizes if a memory location belongs to on-chip
memory. When the memory location is on-chip, it
performs a machine cycle without DS generation,
and the access is performed on-chip. If the location
does not belong to on-chip memory, an access to
off-chip memory is performed (generating the DS
low pulse) through the Ports 0, 1 (and 6 for ST905x
family).

During Reset, AS and DS are driven to perform exter-
nal peripherals reset and to implement, in conjunction
with the R/W pin, a multi-microprocessor synchroniza-
tion procedure (see Clock and Reset chapters).

8.2 CONTROL SIGNALS

AS

Address Strobe (Output, Active low, Tristate). The
rising edge of AS indicates that Memory Address,
R/W and P/D Memory signals are valid.

AS is released in high-impedance during a Bus ac-
knowledge cycle or under processor control by set-
ting the HIMP bit (MODER.0).

DS

Data Strobe (Output, Active low, Tristate). Data
Strobe provides the memory data timing during ex-
ternal memory access cycle. When internal mem-
ory is accessed, DS is kept high during the whole
memory cycle. During an External memory write
cycle, the data output at Port 0 is valid when DS is
active. During a read cycle, the data at Port 0 must
be valid before the trailing edge of DS.

DS is released in high-impedance during a Bus Ac-
knowledge cycle or under processor control by set-
ting the HIMP bit (MODER.0).

02-93 [77 SGS-THOMSON

R/W

Read/Write (Output, Active low, Tristate). The R/W
output signal identifies the type of memory cycle.
When R/W = “1”, the memory cycle is a Memory
Read cycle; when R/W = “0”, it is a Memory Write
Cycle. R/W output signal is defined at the begin-
ning of the memory cycle and is stable until the
next Memory cycle.

R/W is released in high-impedance during Bus ac-
knowledge cycle or under processor control by set-
ting the HIMP bit.

P/D

Program/Data Memory (Alternate Function Out-
put, Active low). The P/D output signal selects be-
tween Program and Data Memory. When P/D =
“1”, the memory referenced by the processor is the
Program Memory; when P/D = “0”, the memory ref-
erenced is the Data Memory. The P/D output sig-
nal is defined at the beginning of the memory cycle
and is stable until the next Memory cyc|e

P/D is enabled by software as the Alternate Func-
tion output of a parallel port bit (refer to the Pin
Configuration and Alternate Function tables to
identify the specific port and pin).

WAIT

External Memory Wait (Input, Active low). The
WAIT input signal indicates to the ST9 that the ex-
ternal memory requires more time to complete the
memory access cycle. The memory cycle will then
be stretched. WAIT is enabled by setting EWEN
(EIVR.0 R246 Page 0).

BREQ
Bus Request (Input, Active low). The BREQ input
signal indicates to the ST9 that a bus request has
tried or is trying to gain control of the memory bus.
BREQ is enabled by setting BRQEN (MODER.1
R235).

BACK

Bus Acknowledge (Alternate Function Output, Ac-
tive low). The BACK output signal indicates that
the ST9 has relinquished control of the memory
bus in response to a bus request.

57/219
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ST9 - External Memory Interface

CONTROL SIGNALS (Continued)

PO

Port 0 (Input/Output, Push-Pull/Open-Drain/Weak
Puii-up). Port0 can be configured as a bit prograim-
mable Parallel I/O port or as External Memory in-

terface for multiplexed Low-Address/Data
(A0-7/D0-7).
P1

Port 1 (Input/Output, Push-Pull/Open-Drain/Weak
Pull-up). Port1 can be configured as a bit program-

mable Parallel /O port or as External Memory in-
terface for the High-Address (A8-A15).

P6 (When available)

Port 6 (Input/output, Push-Pull/Open-Drain/Weak
Pull-up). This port, when available, can be config-
ured as bit programmable Parallel I/O port or as
External Memory interface for the Low-Address
(A0-7), allowing a non-multiplexed memory bus
capability.

Figure 8-1. ST9 Accessing External Program and Data Memory.

1/6 M74HCO4
as ]’>o l
[u
LE
ADo 2 12
ADg 3 Do Qg Ao
ADy
AD, o, o, P A,
AD2 4 6 10
AD Do Qo Ap
AD3 g s s
AD 3 D3 Q3 A3
AD 4y 74HC373 e s
AD 4 4 Qg4 '™
aDg
14 15 7
ADg " Ds Qs As
6
ADg v Dg Q¢ 16 6 Ag
AD71g 19 )
AD 7 D7 Q7 Ay
OE GND  Vcc p
rg 1 10 leu 0 12 o
AD,
14
Ag Dy
AD 2
15
ST9 A f— D2
10 aD 3
Ay b— 7]y M27C1001
|, ——
AD 4 18 (128K x8B)
Ag F— A7-AQ D4
R ADg ol
13— s
ADg o0
Mg f——— De
AD 7
a1
A5 fF— 0y
27} .
8
L
V|
]
=1 P
4
A15-Ag A2
1 W
29 s
2 A5
P/D 26
s V] OE CE P
DS R/W 1/6 M74HCO4 w7 0E GND CE PGM Vcc
/4 4HC32 ao| 10] 22 31 32
l/ 1_/ =
VR000346
58219 SGS-THOMSON

&1

142

MICROELECTRONICS



ST9 - External Memory Interface

8.3 MEMORY ACCESS CYCLE

Each memory access cycle is composed of three
CPUCLK phases: T1, T2, T3. During phase T1, the
memory address is output upon AS falling edge
and is valid upon the rising edge of AS. Port1 and
Port6 maintain the address stable until the next T1
phase.

If the Memory access cycle is a Read cycle, Port0
pins are released to high impedance with the fall-
ing edge of DS until the next AS falling edge.

If the Memory access is a Write cycle, Port0 is held
active, the data is output during T2 and is main-
tained until the next address is output (upon the
falling edge of AS). DS is pulled low during T2 only
if the Memory access is an External Memory ac-
cess. If the memory cycle is a Memory Read, it is
pulled low at the beginning of T2. If it is a Memory
Write, DS is kept low from the middle of T2 until the
middle of T3.

Figure 8-2. External Memory Read/Write.

8.4 STRETCHED ACCESS CYCLE

The ST9 can interface to memory with slow access
times by automatically inserting additional Wait cy-
cles during the External Memory cycle. On-chip
memory accesses do not require WAIT cycles and
run at the full speed of CPUCLK.

Three Wait cycle sources are available:
- The input pin WAIT from external sources

- The internal programmable Wait cycle gener-
ator

- Internal memories with stretched access cycle
(EEPROM)

The input pin WAIT (when enabled) is sampled on
the CPUCLK falling edge of phase T2. If active
(low), one INTCLK clock cycle will be added. Dur-
ing the added clock cycle, the WAIT pin is sampled
again. CPUCLK is stretched for as long as the
WAIT input is active.

The internal programmable WAIT cycle generator
allows the extension of the External Memory cycle

automatically by the programmed number of WAIT
cycles. Two three bit fields in the Wait Control Reg-
ister WCR (R252 Page 0) allow the stretching of
| T l T2 | 3 | Program and Data Memory access cycles inde-
! i ! i ! | . pendently by 0 to 7 cycles. WPM2,1,0 (WCR.5,4,1)
! i ! | ‘ i ! contain the number of Program memory wait cy-
cock [ L[ LT LI cles to be added, WDM2,1,0 (WCR.2,1,0) contain
L ! ! ! ! ! the number of Data memory wait cycles to be
PoRTI X A5 — A8 X: added.
I H I H ; .
:>< Table 8-1. Number of wait cycles added
PORT6 A7 — AO )(
i U i i ! : WDM2|WDM1|WDMO| Nb of Clock
PORTO WPM2 | WPM1|WPMO| cycle added Note
(READ) | | | |
! . . H H : 0 0 0 0 No Wait cycle
PORTO
(WRITE) >< A7-A0 x . D0-D7 OU.T jx 8 ? c1) ;
_ i 5 | ¥ } } 0 1 1 3
AS ] i i | i i j!\_ 1 0 0 4
{ 1 | | i i 1 1 0 1 5
s N L Plro 6
(READ) i : i . I ‘ : 1 1 1 7 Reset Value
1 1
s i i K\ i o
R
R/W X X:
T 1 T T T 1
- | il | |
5 X X
I L T i I 1
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Figure 8-3. External Memory Read/Write Sequence with External Wait.
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ST9 - External Memory Interface

STRETCHED ACCESS CYCLE (Continued)

Figure 8-4. External Memory Read/Write Sequence with Programmable Wait.
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ST9 - External Memory Interface

8.5 SHARED BUS

When the ST9 runs in a multi-master bus system, it
is necessary to release the bus control to other bus

master(s). This operation can be performed by the

Bus Request/Acknowledge capability supported
by the ST9.

Once enabled by setting BRQEN (MODER.1
R235), BREQ is sampled by the ST9 upon the fall-
ing edge of the internal clock during the phase T3.
When the BREQ signal is sampled low, the
CPUCLK clock is stretched and the External Mem-
ory signals (AS, DS, R/W, PO, P1(, P6 for ST905x))
are released to high-impedance. The input signal
BREQ is then continuously monitored, and when it
is sampled high the External Memory interface
pins are driven again by the ST9 after two addi-

Figure 8-5. Bus Request/Acknowledge Timing.

tional internal clock cycles. These cycles are used
to fully drive and propagate the control and data
signals through the external memory bus before
CPUCLK is restarted.

The output signal BACK is driven low during the
whole period when the External Memory interface
is released to high impedance.

Under the Reset status, the bits of the 1/0 port(s)
associated to BREQ and BACK are set to Bidirec-
tional Weak pull-up mode and the enable bit
BRQEN is cleared. To enable this function, the
program must set the BACK port as an Alternate
Function output and enable (set to “1”) the bit
BRQEN.
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ST9 - External Memory Interface

SHARED BUS (Continued)

When it is required to disable the external bus, but
to keep the processor running in the on-chip mem-
ory, the external memory bus can be disabled by
software programming of the HIMP (MODER.0)
control bit. By setting HIMP, the External Memory
Interface (AS, DS, R/W and Port0, Port1 (and
Port6), if not configured as I/O lines) is set into a
high impedance state. In this way, the external
memory bus can be used by another resource (e.qg.
diagnostic equipment or external programming of
system memories) and the ST9 program can con-
tinue accessing the on-chip memory. This feature
can also be useful for high security applications
where the flow and addresses of the on-chip secu-
rity algorithms must not be shown on the external
address pins.

When running in internal memory, disabling the ex-
ternal bus will reduce the noise emitted by the mi-
cro.

The disabling of the External Memory Interface by
setting HIMP = “1” can be interrupt driven by apply-
ing the “Bus Request” input signal to an External
Interrupt pin. In this case the bus disable response
time will be longer than the automatic system using
the BREQ request, however the ST9 can continue
to execute the program written in the on-chip mem-
ory.

8.6 PORTS PO, P1, P6 INITIALIZATION AFTER
RESET

The Port 0, Port 1 and Port 6 (for ST905x family)
initialization after reset depends on the configura-
tion of the ST9 as shown in Table 8-2.

If the device has on-chip Program memory (ROM
or EPROM), the ports (or the existing parts of
them) are set to Bidirectional Weak Pull-up Mode.

Table 8-2. Port status after Reset

Device Port 0, 1, 6 Initialization
ROM Bidirectional Weak-Pull-Up
EPROM (PxCO0, PxC1, PxC2 = 0,0,0; Data = 1)
Memory Address and Data Alternate
ROMLESS F;:ggog:gfhpiucﬂz =1,1,0; Data = 1)

Ei SGS-THOMSON

If the device is ROMLESS or a ROM device with
the ROMIess function enabled, the ports (or the ex-
isting part of them) are set to Alternate Function
Push-Pull Mode, providing the Address and Data
lines to interface to the external Program and Data
Memory from Reset.

8.7 ROMLESS FUNCTION

In order to accomodate the use of ROM based ST9
devices in the event of a subsequent ROM code
change, a ROMIess function may be enabled on a
specified Port I/O pin by Mask Option. This func-
tion is activated by pulling the ROMless select pin
to ground with a 100kohm resistor. This status is
latched on the rising edge of the RESET pin and,
when low, the on-chip PROGRAM memory (ROM
or EPROM) is disabled, causing all instruction
fetch cycles to be external. On-chip Data memory
(RAM or EEPROM) is not affected.

If the ROMless function is enabled by the mask op-
tion, and the internal program is to be used, then
the ROMIess pin must be held to a high level (via a
100kohm resistor to Vpp) during the Reset cycle.
After the Reset cycle the ROMIess pin may be pro-
grammed for any /O or Alternate function.

Figure 8-6. ROMless Selection
— INTERNAL MEMORY
CONFIGURATION
ROMLESS 5 VoD
SELECT
K 100k
RESET
ROMLESS PIN
ouTPUT
DATA
] EXTERNAL MEMORY
ROMLESS
—o0 D CONFIGURATION
SELECT
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AN
ROMLESS PIN
RESET
QUTPUT 100k 02
DATA
ST9 DEVICE
— VA00301
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ST9 - External Memory Interface

8.8 PIPELINE

The ST9 implements pipe-line stages on instruc-
tion fetch and execution in order to increase the
execution speed. The instruction execution is in
fact hidden by the Memory access cycles: the exe-
cution of one instruction is overlapped with the pre-
fetch of the two successive bytes. The fetch of the
first byte (opcode) is identified by the machine cy-
cle M1, the fetch of the second byte by M2.

Figure 8-7. Instruction Pipe-line Stages

The 2 bytes instructions, whose execution time is 6
CPUCLK cycles, have the instruction execution
hidden by the following instruction prefetch. For
those instructions that require an execution time
longer than the time to prefetch the following bytes,
perform memory access during their execution or
interrupt the sequential memory access, the pipe is
flushed.
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ST9 - External Memory Interface

8.9 “SPURIOUS” MEMORY READ ACCESSES

The ST9 in certain cases produces external mem-
ory accesses which may be regarded as “Spuri-
ous” in their nature. While these do not affect the
correct operation of the ST9, these accesses may
cause misunderstandings when developing and
debugging applications as the signals AS and DS
are produced, and Ports 0, 1, (6 for ST905x) output
updated addresses (if used to interface to external
memory).

The spurious reading cycle is produced when exe-
cuting specific instructions. This is one of 4 cases:
double reading, reading before writing, reading
when the stack is internal or prefetch reading.

- DOUBLE READING

A memory location read by the ST9 is read two
times consecutively (instead of one).

Involved instruction(s):

DIV rr,r ;divide (16/8)

The first byte of the code following D1V is fetched

two times. The double reading does not occur if the

Overflow flag was set by D1V, or if Divide by zero

was trapped. The P/D line remains high during the

cycle.

- READING BEFORE WRITING
A memory location which is to be written to by
the ST9 is previously read.

Involved instruction(s):

LD (rr)+, (r)+ ;load (byte)

;Memory, Register

The destination memory location is read before be-

ing written. The P/D line reflects the memory space

of the destination memory location.

- READING WHEN THE STACK IS INTERNAL
If the System and/or User Stack has been pro-
grammed to use the Register File, a memory
location of Data Space is POPed in parallel.

Involved instruction(s):

POP R ; POP (byte) from System Stack
POP (R) ; i " ”

POPU R ; POP (byte) from User Stack
POPU (R) ; " vt

[’7 SGS-THOMSON

While a byte is being poped from the Register File,
amemory location in Data Space is read in parallel
with its address given by SSPHR+SSPLR for pop
instructions and by USPHR+USPLR for poPU in-
structions. The external data is ignored.

POPW RR ; POP (word) from System Stack
POPUW RR ; POP (word) from User Stack

While the high er address byte is being popped
from the Register File, a memory location in Data
Space is read in parallel with its address given by
SSPHR+SSPLR for pOPW instructions and by
USPHR+USPLR for poPUW instructions. No spuri-
ous reading is made for the lower byte.

RET ; Return from Subroutine

While the Program Counter Higher and Lower
bytes are poped from the Register File, two mem-
ory locations are read at addresses given by
SSPHR+SSPLR.

IRET ; Return from Interrupt

While the Program Counter Higher and Lower
bytes and the FLAGS are popred from the Register
File, three memory locations are read at addresses
given by SSPHR+SSPLR. When working with In-
ternal Stacks, SSPHR and USPHR contents are
don’t care from the point of view of program execu-
tion, but they must be considered RESERVED by
the User as the instructions listed in this section
perform updating of SSPHR/USPHR, together with
the spurious reading.
- PREFETCH READING
Due to the ST9 Pipeline, instructions which
stop the Core or which perform program
branches can fetch bytes of the following pro-
gram code while the pipeline is being flushed.

Involved instruction(s):

WEI ; Wait For Interrupt

reads two bytes of the following code.

HALT ; Halt

CALL (rr) ; Unconditional Call subroutine

read one_byte of the following code in Program
space (P/D high).

65/219
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ST9 - External Memory Interface

8.10 REGISTERS

WCR R252 (FCh) Page 0 Read/Write
Wait Control Register
Reset Value: 0111 1111 (7Fh)

7 0

[ rece el ]

b7 = Reserved, reads as a “0”.
b6 = WDGEN: refer to Timer/Watchdog chapter.

WARNING. Resetting this bit to zero has the effect
of setting the Timer/Watchdog to the Watchdod
mode. Unless this is desired, this must be set to “1”.

b5-b3 = WDM2-0: Data Space Wait Cycles. These
bits contain the number of INTCLK cycles to be
added automatically to external Data memory ac-
cesses. WDM = 0 gives no additional wait cycles,
WDM = 7 provides the maximum 7 INTCLK cycles
(this is the reset condition in order to allow the use
of slow access time external memory, if faster
memory is used, then this value may be modified
by the User).

66/219
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b2-b0 =WPM2-0: Program Space Wait Cycles.
These bits contain the number of INTCLK cycles to
be added automaticaiy to external Program mem-
ory accesses. WPM = 0 gives no additional wait cy-
cles, WPM = 7 provides the maximum 7 INTCLK
cycles (this is the reset condition in order to allow
the use of slow access time external memory, if
faster memory is used, then this value may be
modified by the User).

Note. the number of clock cycles added refer to
INTCLK and NOT to CPUCLK.

WARNING. The Wait Control Register is reset to
give the maximum number of Wait cycles for exter-
nal memory. To give the optimum performance of
the ST9 when used in single-chip mode (no exter-
nal memory) the WDM2,1,0 and WPM2,1,0 bits
should be reset to “0”.
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ST9 - I/O Ports

9 /0 PORTS

9.1 INTRODUCTION

The ST9 is provided with dedicated lines for in-
put/output. These lines, grouped into 8-bit ports,
can be independently programmed to provide
parallel input/output, or to carry input/output sig-
nals to/from the on-chip peripherals and Core
(e.g. Timers and SCI). All ports have active pull-
ups and pull-down resistors compatible with TTL
loads. In addition, pull-ups can be turned off for
open-drain operation and weak pull-ups can be
turned on to save off-chip resistive pull-ups. Input
buffers can be either TTL or CMOS compatible.

Figure 9-1. I/O Register Map

9.2 CONTROL REGISTERS

Each port PX has a Data Register PX, and three
associated control registers (PXC0O, PXC1, PXC2)
which define the port line configuration and allow
dynamic change in port configuration during pro-
gram execution. Ports and control registers are
mapped into the Register File as shown in Fig-
ure 9-1 Ports and control registers are treated like
any other general-purpose register. There are no
special instruction for port manipulation, any in-
struction that addresses a register can address the
ports. Data can be directly accessed in the port
register, without passing through other memory or
“accumulator” locations.

Applicable to ST9030, ST9032, ST9036, ST9040
GROUP E PAGE 2 PAGE3
Reserved OFFh P7DR R255
OFEh P3C2 R254 OFEh P7C2 R254
OFDh P3C1 R253 OFDh P7CH1 R253
OFCh P3Co R252 OFCh P7CO R252
Reserved OFBh R251
OFAh P2C2 R250 OFAh R250
0F%h P2C1 R249 0F9h R249
OF8h P2C0 R248 0F8h R248
OF6h P1C2 R246 OF6h P5C2 R246
OE5h P5DR R229 OF5h P1C1 R245 OF5h P5C1 R245
OE4h P4DR R228 OF4h P1CO R244 OF4h P5C0O R244
OE3h P3DR R227
0E2h P2DR R226 OF2h PoC2 R242 0OF2h P4C2 R242
OE1h P1DR R225 OF1h POC1 R241 OF1h P4CH1 R241
OEOh PODR R224 OFOh POCO R240 OFOh P4CO R240

02-93
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ST9 - I/O Ports

CONTROL REGISTERS (Continued)

During the reset state, all the Ports are set as bidi-
rectional/weak pull-up mode, with the output data
register set to FFh. This condition is aiso held after
reset (except for Ports 0, 1 (, 6 for ST905x) in ROM-
less devices, see Memory chapter) and can be re-

defined under software control at any time.

9.3 PORT BIT STRUCTURE AND PROGRAMMING

By programming the control bits PXCO0.n and
PXC1.n (see Figure 9-2) it is possible to configure
bit PX.n as Input, Output, Bidirectional or Alternate
Function Output, where X is the number of the /O
port, and n the bit within the port (n =0 to 7).

When programmed as input, it is possible to select
the input level as TTL or CMOS by programming
the control bit PXC2.n.

The output buffer can be programmed as Push-
pull or Open-drain. A Weak Pull-up configuration
can be used when the port bit is programmed as
Bidirectional. This is an Open-drain configuration
with a high pull-up resistor value (turned on by writ-
ing a “1”), to avoid the requirement for external re-
sistances.

Figure 9-2. Control Bits

The basic structure of the bit PX.n of a general pur-
pose port PX is shown in Figure 9-3.

Independently to the chosen configuration, when
the User addresses the port as an destination reg-
ister of an instruction, the port is written to and the
data is transferred from the internal Data Bus into
the Output Master Latches. When the port is ad-
dressed as a source register for an instruction, the
portis read and the data stored in the Input Latch is
transferred onto the internal Data Bus.

When PX.n is programm

ogramin

ed as Input: (Figure 9-4)
- The Output Buffer is forced tristate

- The data present on the I/O pin is sampled into
the Input Latch at the beginning of the execution
of the instruction which is accessing the port.

- The data stored in the Output Master Latch is
copied into the Output Slave Latch at the end
of the execution of each instruction. So if bit
PX.n is reconfigured as Output or Bidirectional,
the data stored in the Output Slave Latch is re-
flected on the I/O pin.

Bit 7 Bitn Bit0
PXC2 r PXC27 ] ‘ | PXC2n ] ] ] L PXC20
PXCH1 ! PXC17 | \ | PXC1n } | i | PXC10
Pxco | Pxco7 | | | Pxcon 1 1 | Pxcoo

Table 9-1. Port Bit Configuration Table

PXC2n 1 0 1 0 1 0 9 0
PXC1n 0 0 0 0 1 1 1 1
PXCOn 0 0 1 1 0 0 1 1
PXn Configuration BID BID IN IN ouT ouT AF AF
PXn Output oD WP TRI TRI oD PP oD PP
PXn Input TTL TTL TTL CMOS TTL TTL TTL TTL

Notes:

BID : BIDIRECTIONAL OD : OPEN DRAIN

IN : INPUT WP : WEAK PULL-UP

OuUT : OUTPUT PP : PUSH-PULL

AF : OUTPUT ALTERNATE FUNCTION TTL : TTL STANDARD INPUT

TRl :TRISTATE CMOS: CMOS STANDARD INPUT

68/219 (N7 SGS-THOMSON
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ST9 - I/0 Ports

PORT BIT STRUCTURE AND PROGRAMMING (Continued)
Figure 9-3. Basic Structure of an I/0 Port Pin (except analog input)

I/O PIN
PUSH PULL
TRISTATE CTMn(Ss
OPEN DRAIN
WEAK PULL-UP
TPUT SLAVE LATCH ALTERNATE

ALTERNATE
FUNCTION —o
(ouT)

INPUT OUTPUT
BIDIRECTIONAL

OUTPUT

[» —— Y

A

FUNCTION (IN)

INPUT
BIDIRECTIONAL
ALTERNATE
FUNCTION

|OUTPUT MASTER LATCA1 L}NPUT

LATCH ]

INTERNAL DATA BUS

2

VA00222

Figure 9-4. Input Configuration

Figure 9-5. Output Configuration

1/0 PIN 1/0 PIN
M B || o
T
TRISTATE OPEN DRAIN m
CMOS PUSH~PULL
[ABUTPUT SLAVE LATCH ‘ ALTERNATE [AQUTPUT SLAVE LATCH 1 ALTERNATE
FUNCTION FUNCTION
o
o o—o
‘ OUTPUT MASTER LATC?J 1 INPUT LATCH l | QUTPUT MASTER LATCH [7 INPUT LATCH i
'3 INTERNAL DATA BUS 2 ¢ INTERNAL DATA BUS Z
VA00224 VA00225
c SGS-TI’IOMSON 69/219
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ST9 - 1/0 Ports

PORT BIT STRUCTURE AND PROGRAMMING (Continued)

When PX.n is programmed as Output: (Figure 9.5)

- The Output Buffer is turned on in an Open-
drain or Push-pull configuration

- The data stored in the Output Master Latch is
copied both into the Input Latch and into the
Output Slave Latch, driving the I/O pin, at the
end of the execution of each instruction.

When PX.n is programmed as Bidirectional: (Fig-
ure 9-6)

- The Output Buffer is turned on in an Open-
drain or Weak Pull-up configuration

- The data present on the I/O pin is sampled into
the Input Latch at the beginning of the execu-
tion of each instruction

- The data stored in the Output Master Latch is
copied into the Output Slave Latch, driving the
I/O pin, at the end of the execution of each in-
struction.

WARNING. Due to the unique feature of the bidi-
rectional mode of reading the external pin instead
of the output latch, particular care must be taken
with arithmetic/logic and boolean instructions per-
formed on a bidirectional port pin.

These instructions use a read-modify-write sequence,
and the result written in the port register depends on
the logical level present on the external pin.

This may bring unwanted modifications to the port
output register content.

Figure 9-6. Bidirectional Configuration

For example:
Port register content external port value
OFh o3h

(Bits 3 and 2 are externally forced to 0)
Making a bset instruction on bit 7 will return:

Port register content external port value
83h 83h

(Bits 3 and 2 have been cleared.)
To avoid this situation, it is suggested that all the

operations on a port, using at least one bit in bidi-
rectional mode, are performed on a copy of the
port register, then transferring the resuit with a load

instruction to the I/O port.

When PX.n is programmed as Alternate Function
Output (Figure 9-7) except fo Analog Inputs :

- The Output Buffer is turned on in an Open-
drain or Push-pull configuration

- The data present on the 1/O pin is sampled into
the Input Latch at the beginning of the execu-
tion of each instruction

- A signal coming from an on-chip Function is al-
lowed to load the Output Slave Latch driving
the I/0 pin. Signal timing is under control of the
Function. If no Function is connected to PX.n
the 1/O pin is driven to a high level in Push-pull
configuration and is driven to high impedance
in open drain configuration.

Figure 9-7. Alternate Function Configuration

1 OUTPUT SLAVE LATCH

ALTERNATE
FUNCTION

Mo |

QUTPUT MASTER LATCH r INPUT LATCH l

1/0 PIN 1/0 PIN
~ by 1] T
WEAK PULL-UP, TTL OPEN DRAIN
OPEN DRAIN PUSH-PULL T

ALTERNATE

l OUTPUT SLAVE LATCH ’
FUNCTION (IN)

ALTERNATE
FUNCTION (OUT)

‘ INPUT LATCH l
¢ INTERNAL DATA BUS g ¢ INTERNAL DATA BUS 2
VA00226 VA00227
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ST9 - /O Ports

9.4 ALTERNATE FUNCTION ARCHITECTURE

Each single I/O pin may access three different
types of ST9 internal signals:

- Data bus line (1/0O)
- ‘Alternate Function’ Input
- Alternate Function Output

Each pin configuration is made by software, thus
allowing the User to choose the type of signal to
access a pin. The choice of type of signal is made
with the registers PXC2, PXC1, PXCO0 of the |/O
Port X (Please refer to the previous section for
more details)

Pins Declared as an I/0

A pin declared as an 1/O is a pin connected to the
I/0 buffer. In such a case, this pin may either be an
Input or an Output or an I/O depending on the
value stored in (PXC2, PXC1, PXCO0)

Figure 9-8. Example of 3 Alternate Function
Inputs

ALTERNATE FUNCTION
INPUT

MODULE 1

ALTERNATE FUNCTION

1/0 PIN jL INPUT

ALTERNATE FUNCTION
INPUT

MODULE 2

MODULE 3
VROOA171

Figure 9-9. Example of 3 Alternate Function
Inputs

Pin Declared As An ‘Alternate Function’ Input
A single pin may be directly connected to several
Alternate Function inputs. In such a case, the User
has to select the required input mode (TTL or
CMOS levels) and to enable, by software, the se-
lected Alternate Function module (by enabling it)
and unselect all other Alternate Functions (by dis-
abling them).

No specific configuration of the port is required to
enable the input Alternate Function, as the input
buffer is directly connected to each module using
it. As more than one module can use the same in-
put Alternate Function line, it is under User soft-
ware control to enable a module to use the input
Alternate Function.

The digital I/O remains operational even when us-
ing the Alternate Function input. The exception to -
this is for an 1/O port bit connected to analog volt-
ages (for the Analog to Digital Converter).

Pin Declared As An Alternate Function Output
A pin declared as an Alternate function output cor-
responds to (PXC2,PXC1,PXCO) = 1,1,1 or 0,1,1.
Several Alternate Function outputs may drive a
common pin. In such a case, the Alternate Func-
tion output signals are ANDed before driving the
common pin. The User has therefore to select, by
software, the Alternate Function Output required
by enabling it and disabling all other Alternate
Function Outputs on the same pin (a disabied Ai-
ternate Function Output outputs a “1”).

The inputs to on-chip Functions and Alternate
Function Outputs are predefined for each 1/0
pin of an ST9. Please refer to the Alternate
Function Table at the beginning of this
datasheet for the exact configuration.

Figure 9-10. Example of One /0 Pin Configu-
ration

ouTPUT MODULE 1
1/0 PIN[1 OUTPUT  MODULE 2
ouTPUT MODULE 3

VRO0B171

RDRDY
1/0 PIN P2.7 WRRDY DMA
P2.6 RDSTB HANDSHAKE
WRSTB
Port INT3
2 . CORE
P/D
VROOC171

Lyy SGS-THOMSON
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ST9 - /0O Ports

ALTERNATE FUNCTION (Continued)

General Configuration

A single pin may be used, according to different
phases of the sofiware, as an /O or connected to
an input or an Alternate Function output. An exam-
ple is given in Figure 9-10.

WARNING: When a pin is connected to an Input
Function and to an Alternate Function output, the
User must be aware of the fact that the Alternate
Function output signal always input to the Alternate
Function module(s) declared as input(s). Figure 9-
10 shows an example where the signal P/D also
enters RDSTB and INT3.

9.5 SPECIAL PORTS

9.5.1 Bit Structure For A/D Converter Inputs

When a port bit is used as input for an on-chip A/D
Converter, its structure is modified as shown in
Figure 9-11.

The behaviour of this bit is identical to the general
purpose bit described in paragraph 9.68 except
when it is programmed as Alternate Function. In
this case, the Output Buffer is forced Tristate and
the input of the Input Buffer is disconnected from
the I/O pin and forced low. In this way the I/O pin is
free to assume any analog value without causing
power consumption in the Input Buffer. The bit
MUST be programmed to (PXC2, PXC1,
PXCO0) = 1,1,1) to assume this special configura-
tion.

9.6 /O STATUS AFTER WFI, HALT AND RESET

The status of the ST9 I/O ports during the Wait For
Interrupt, Halt and Reset operational modes is
shown in the following table. The External Memary
Interface ports are shown separately, however, if
only the internal memory is being used and the
ports are acting as 1/O, the status is the same as
shown for the other I/O ports.

- if ROMLESS (ST9 memory is Off-chip):
PO, P1 are set to push-puli A.F.
Push-pull, Output value is undefined.

- if not ROMLESS (ROM or EPROM parts)
PO, P1 and P6 are set to Bidirectional Weak
Pull-up, Output value is FFh (all pins high).

WARNING: I/O pins (other than the ROMiIess pin,
if enabled by mask option) are set to the Weak
Pull-up mode during the Reset cycle. This state is
forced during the reset sequence, but the I/O pins
can be in a random state for up to 64 crystal peri-
ods.

The application circuit must take this into account if
it can lead to critical situations in the external cir-
cuitry.

Mode PO P1[P6]® 110
Hiah Next No Affect (clocks
WEFI e output from ST9

Impedance | Address .
running)

No Affect (clocks

High Next

) ) HALT output from ST9
Figure 9-11. A/D Input Port Bit Structure Impedance | Address stogped)
i
~ - :
TOWARDS | RESET Note 1 ROMless = weak
A/D CONVERTER weak pull-up
GND Notes

TRISTATE ‘

OQUTPUT SLAVE LATCH

ALTERNATE
FUNCTION —o

INPUT
BUFFER

ALTERNATE
FUNCTION

(ouT) (IN)
?
T———o/o——-—
‘ourpuw MASTER LATcﬂ l INPUT LATCH l
3 INTERNAL DATA BUS 2

VA00219

72219

[77 SGS-THOMSON

1.PO and P1 (when used to provide non-multiplexed low
order address) setup depends on the ROMLESS condition.
2.for ST905x
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ST9 - Handshake

10 HANDSHAKE/DMA CONTROLLER

10.1 INTRODUCTION

The handshake module allows the User to config-
ure an |/O Port under handshake control or to sup-
port DMA operations, driven by an on-chip 16 bit
Multifunction TIMER, between Data/Program
Memory or Register File and an 1/O port.

The module supports data exchange with hand-
shake through port PX (where PX is predefined by
the ST9 configuration) with up to 4 handshake
lines: 2 Outputs (RDRDY and WRRDY) connected
as Alternate_ Function Outputs and 2 Inputs
(RDSTB and WRSTB).

Input, Output and Bidirectional Handshake modes
are available.

Input Functions RDSTB and WRSTB are always
associated to external interrupt channels. To syn-
chronize handshake protocols generating interrupt

requests (as the following paragraph will show) the
User must program the interrupt control register
and the vector associated to the used line(s)
(RDSTB and/or WRSTB). The active high output
lines RDRDY and WRRDY are held high when not
active in order to allow the Alternate Function Out-
put connection of other ST9 peripherals.

DMA transfers can move data from Data/Program
Memory or Register File to the I/O Port with Hand-
shake capability or viceversa, using either the Mul-
tifunction Timer CAPTO or COMPO DMA
Channels. In Figure 10-1 the four on-chip lines that
connect the module to the on-chip Multifunction
Timer to support DMA transfers are shown (DD
(Data Direction), CO_SYNCHR(COmpare SYN-
CHronism), CA_SYNCHR (CApture SYNCHro-
nism) and On Chip Event).

Figure 10-1. Handshake/DMA Controller Module Block Diagram

02-93

Lyy S6S:THOMSON

PYi PYj PYk PYm PYn
PORT PY _ - . - -
CONTROLLER 555 asz 855 855 BmZ
NORMAL bl ||EEk |28k |58k Xk
CONTROL SIGNALS T | W T m T
<
|-y z
=
5
[}
INTERRUPT é
CONTROLLER s TIMER
X o
IT
53 a
g8%9x
225
S99 e
8 q0z
x oo 0
NORMAL. zmy zor|[zoe |[ze = zaor|[zme
CONTROL SIGNALS L &3 FES||L&3||L&3 cES||c &8
L ™ < ™ < ™ < ™ < ™
< < < < < <
s
PORT PX
'ﬁ% § § 2w 22% PX7 PXS PX4 PX3 PX1 PX0
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10.2 PROGRAMMABLE HANDSHAKE MODES

10.2.1 Input Handshake

Two Input Handshake Modes are available to syn-
chronise input transitions on port bits programmed
as Input or Bidirectional. Output or Alternate Func-
tion bits are not affected.

In the timings, READ PORT is an ST9 internal sig-
nal that transfers data from the Input Latches onto
the Data bus.

Two Lines Input Handshake
When this mode is selected WRRDY is set to indi-

cate that data can be ioaded into the input Laiches
of the Input and Bidirectional port pins. Data pre-
sent on the pins is sampled when the peripheral

forces a low level on WRSTB.

When a rising edge on WRSTB occurs, WRRDY
goes low signifying that the Input Latch is full and
further loading must be inhibited until the ST9
reads the port. When the port register is read,
WRRDY is set. Both low and high levels on
WRSTB must last at least one INTCLK cycle.

Figure 10-3. Two Line Input Handshake Timing

The User is suggested to program the External In-
terrupt Channel associated with the WRSTB line to

ata nin
generate an interrupt request when a rising edge

occurs. The ST9 can thus, in the course of its inter-
rupt service routine, read the data furnished by the
peripheral as soon as it is available.

Figure 10-2. Two Line Input Handshake

sT9 K DATA
EXTERNAL
PERIPHERAL
WRSTB
WRRDY
VRO00173

WRSTB —_\___/

SAMPLE (

A 7

PORT X oATA |N)(

I \

WRRDY

READ PORT

o’

)ai

VY

VR000448
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ST9 - Handshake

HANDSHAKE MODES (Continued)

One Line Input Handshake

Figures 10-4 and 10-5 illustrate the timing associ-
ated with the One Line (WRRDY) Input Handshake
Mode.

When this mode is selected the ST9 sets WRRDY
to indicate that data can be loaded into the Input
Latches of the Input and Bidirectional port pins.

Data present on the pins is continuously sampled.
When the ST9 is reading the port WRRDY goes
low. As data is strobed into the port only when
WRRDY goes high, the forced low state of
WRRDY will prevent the Input Latch data from
changing while ST9 is reading the port. When the
ST9 read cycle finishes, WRRDY is set.

Figure 10-5. One Line Input Handshake Timing

Figure 10-4. One Line Input Handshake

sT9 K DATA

EXTERNAL
PERIPHERAL

WRRDY

VR000174

READ PORT ; \ > ) / 0\
nanT | DATA IN ] \VAY4 NEW DATA IN Y
ruri CZalEal I \L /\ /\

' \__/

VR000445
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HANDSHAKE MODES (Continued)

10.2.2 Output Handshake

Two Output Handshake Modes are available to
synchronize output transitions on port bits pro-
grammed as Output or Bidirectional. /O pins pro-
grammed as Input or Alternate Function Output
are not affected.

In the timing diagrams, WRITE PORT is the inter-
nal signal that transfers data from the Internal Data
Bus into the Port Output Master Latches.

Two Lines Output Handshake

Figure 10-7 illustrates the timing associated with
the Two Lines (RDRDY, RDSTB) Output Hand-
shake Mode (Figure 10-6).

When this mode is selected RDRDY is reset to in-
dicate that no significant data is present on the
Output and Bidirectional port pins. When the Out-
put Slave Latches are written, RDRDY is set to in-
dicate that data is ready for the peripheral device.
In most systems the rising edge of RDRDY can be
used as a latching signal in the peripheral device.
RDRDY will remain high until a rising edge is re-
ceived on RDSTB indicating that the peripheral
has taken the data. Both low and high level on

Figure 10-7. Two Line Output Handshake Timing

RDSTB must last at least one ST9 INTCLK cycle.
The User is suggested to program the External In-
terrupt Channei associated with the RDSTB line to
generate an interrupt request when a rising edge
occurs. The ST9 can thus, in the course of its inter-
rupt service routine, furnish new data as soon as
the previous data is taken by the peripheral.

Figure 10-6. Two Line Output Handshake

ST9 DATA
EXTERNAL
PERIPHERAL
RDRDY
RDSTB
VRO00175

INTCLK

WRITE PORT

[ e

SN\ N\
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A
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X NEW DATA OUT
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HANDSHAKE MODES (Continued)

One Line Output Handshake

Figure 10-9 illustrates the timing associated with
the One Line (RDRDY) Output Handshake Mode
Figure 10-8.

When this mode is selected RDRDY is reset to in-
dicate that no significant data is present on the
Output and Bidirectional port pins. When the Out-
put Slave Latches are written to, RDRDY is set to
indicate that data is ready for the peripheral device.
In most systems the rising edge of RDRDY can be
used as a latching signal in the peripheral device.
No peripheral acknowledge is waited for. While
ST9 is writing into the Output Slave Latches
RDRDY goes low, RDRDY is set again when the
new data is ready on the port pins.

Figure 10-9. One Line Output Handshake Timing

Figure 10-8. One Line Output Handshake

sT9 DATA )
EXTERNAL
PERIPHERAL
RDRDY
VR0O00176

INTCLK

WRITE PORT
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/
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HANDSHAKE MODES (Continued)

10.2.3 Bidirectional Handshake

A Bidirectional Handshake Mode is available to
synchronise bidirectional transitions on Port bits
programmed as Bidirectional. When this mode is
selected, the Output Buffer configuration of Bidi-
rectional port pins programmed as Weak Pull-up
become Push-pull. Open-drain configuration is not
modified. 1/O bits set to Input, Output or Alternate
Function Output are not affected.

Figure 10-11 illustrates the timing associated with
the Bidirectional Handshake Mode. This mode is a
combination of Two Lines Output Mode and Two
Lines Input Mode using all four handshake lines,
two for output (RDRDY, RDSTB) and two for input
control (WRRDY, WRSTB). In the timing INTCLK
is the ST9 internal not stretched clock, WRITE
PORT is the signal that transfers data from the In-
ternal Data Bus into the port Output Master
Latches and READ PORT is the signal that trans-
fers data from the Input Latches onto the Data Bus.
When Bidirectional Handshake mode is selected
the Output Buffers of the Bidirectional port pins are
forced tristate, WRRDY is set to indicate that data
can be loaded into the Input Latches and RDRDY
is reset to indicate that no significant data is pre-
sent in the Output Slave Latches.

Input Transitions. Data present on the pins is
sampled when the peripheral forces a low level on
WRSTB. When a rising edge on WRSTB occurs,
WRRDY goes low signifying that the Input Latches

Figure 10-11. Bidirectional Handshake Timing

are full and further loading must be inhibited until
the ST9 reads the port. When the port register is
read, WRRDY is set. Boih iow and high leveis on
WRSTB must last at least one ST9 INTCLK cycle.
The User is suggested to program the External in-
terrupt Channel associated with the WRSTB line to
generate an interrupt request when a rising edge
occurs.The ST9 can thus, in the course of its inter-
rupt service routine, read the data furnished by the
peripheral as soon as it is available.

Figure 10-10. Four Line Bidirectional

EXTERNAL
PERIPHERAL

VR000177
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INTCLK
WRITE PORT / \
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HANDSHAKE MODES (Continued)

Output Transitions. When the Output Slave
Latches are written to, RDRDY is set to indicate
that data is ready for the peripheral device. When
RDSTB goes low, data is allowed out onto the port
pins. When arising edge is received on RDSTB, in-
dicating that the peripheral has taken the data, the
Output Buffers are forced tristate and RDRDY
goes low. Both low and high level on RDSTB must
last at least one INTCLK cycle.

The User is suggested to program the External In-
terrupt Channe! associated to the RDSTB line to
generate an interrupt request when a rising edge
occurs; The ST9 can thus, in the course of its inter-
rupt service routine, write new data into the Output
Slave Latches as soon as the previous data is
taken by the peripheral.

Figure 10-12. Bidirectional Application Example

10.2.4 Application example: Mapping an ST9
onto the memory bus of another ST9

Figure 10-12 shows a possible application of the
bidirectional handshake protocol, used to connect
an ST9 as a slave of another (master) ST9.

PX of the slave ST9 is connected to the Ad-
dress/Data Memory Bus of the master ST9. A de-
coder enables, with a low level, the generation of
RDSTB or WRSTB when DS is low and the master
is reading from, or writing to, the memory.

To synchronize data transfers with the slave, the
master ST9 uses RDRDY and WRRDY as Exter-
nal Interrupt Sources, programmed to generate an
interrupt request when a rising edge occurs. The
slave ST9 interrupts the master raising RDRDY
when new data is ready in the port Output Slave
Latches and raising WRRDY when the Input
Latches can be filled with new data. According to
the interrupt request received, the master ST9 can
read the ready data from the slave (RDRDY inter-
rupt routine) or write other data into the slave
(WRRDY interrupt routine).

PX < A(7:0),/0(7.0) > PO
LATCHES AS
SLAVE ST9 <I‘A(—7)_O)1 MASTER ST9
DECODER
RDSTB
K A(15:8) P1
WRSTB b DS
RDRDY INT1
WRRDY INT2
VR0O00178

[ﬁ SGS-THOMSON
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10.3 PROGRAMMABLE DMA MODES

The Handshake Module supports DMA operations
controlled by either the CAPTO or COMPO DMA
Channel of a Multifunction Timer. The User en-
ables this function writing a “0” in the DEN bit in the
HDCTL register and selects the DMA Channel by
writing the DCH bit: “0” for CAPTO, “1” for COMPO.

When the CAPTO Channel is chosen, the DD bit
selects the Data Direction: “0” to move data from
Data/Program Memory or Register File to the port
(DMA Output), “1” to perform the opposite transfer
(DMA Input). Signal CA_SYNCHR is sent by the
Timer to the Handshake/DMA Controller for writing
the port Output Master Latches or reading the In-
put latches (depending on DD), during the DMA
operations when a capture occurs on the Timer.

If the Handshake section of the module is enabled,
the data transfer from the Output Master Latches
into the Output Slave Latches (Output Strobe, for
pins programmed as Output or Bidirectional) or
from the Pins into the Input Latches (Input Strobe,
for pins programmed as Input or Bidirectional) is
controlled by the logic supporting the chosen
Handshake protocol.

If no Handshake is programmed the User can
choose how to drive the Output or Input Strobe by
writing the DST bit: a “0” leaves the Strobes under
the normal port control, according to the chosen
port bit configuration, a “1” selects the On Chip
Event generated by the Timer as the Output or In-
put Strobe.

When the COMPO Channel is selected, DMA out-
put transfers are only allowed independent of DD,
and CO_SYNCHR is used for output Master Latch.
If Handshake is disabled, DST selects how to con-
trol the Output Strobe. If enabled, the Handshake
controls the Output Strobe.

10.3.1 DMA Transfers Driven By Timer CAPTO
Channel With Handshake

The following descriptions are made assuming that
DMA transfers are driven by Multifunction Timer 0.
The following table shows the DMA Port capabili-
ties of the ST9 family:

MultiFunction Handshake
Timer Port
0 5

80/219
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10.3.2 DMA Input transfers with two line input
handshake

When

_ Two Lines Input Handshake mode is selected
(HS7=“1", HS6="0", HS5="1")

_ the port is enabled to support DMA input trans-
fers driven by the Timer CAPTO DMA Channel
(DEN=*0", DD="1", DCH="0")

_ the Handshake WRSTB line is connected off-
chip to the Timer TOINA line

_ TOINA DMA requests are enabled on rising
edges

_ WRSTB interrupt requests are disabled, data
transfers on port pins programmed as Input (or
Bidirectional) can be synchronized using the
Handshake WRSTB line as DMA Request and
the WRRDY line as DMA Acknowledge.

WRRDY is set to indicate that data can be loaded
into the Input Latches of the Input (or Bidirectional)
port pins. Data present on the port pins is sampled
when the peripheral forces a low level on WRSTB.
When a rising edge on WRSTB (TOINA) occurs
WRRDY goes low, signifying that the Input Latches
are full and further loading must be inhibited until
the ST reads the port, and a DMA request is is-

miimA WAMe A e n A ran~iatar i §
sued. When the port register is read, during the

DMA transfer, WRRDY is set.

Figure 10-13. DMA with 2 Line Input Hand-
shake Mode

C
A
TIMER og 1/0
0 EXTERNAL
’ m——l PERIPHERAL
TONA DMA REQUEST
DMA ACKNOWLEDGE
WRRDY
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PROGRAMMABLE DMA MODES (Continued)

10.3.3 DMA output transfers with two lines
output handshake

When

- Two Lines Output Handshake is selected
(HS7="1", HS6="1", HS5="0")

- the port is enabled to support DMA output
transfers driven by the Timer CAPTO DMA
Channel (DEN="0", DD=“0", DCH=“0")

- the Handshake RDSTB line is connected off-
chip to the Timer TOINA line

- TOINA DMA requests are enabled on rising
edges

- RDSTB interrupt requests are disabled

data transfers on port pins programmed as Output
(or Bidirectional) can be synchronized when using
the Handshake RDSTB and RDRDY lines as DMA
Request and DMA Acknowledge.

When Two Lines Output Handshake is selected,
RDRDY is reset to indicate that no significant data
is present on the Output and Bidirectional port
pins. When the Output Slave Latches are written,
RDRDY is set to indicate that data is ready for the
peripheral device. The first data value, whose
usual meaning is that ST9 is ready to provide the
following data by DMA transfers, is normally writ-
ten by the DMA initialization routine.

When a rising edge is received on RDSTB
(TOINA), indicating that the peripheral has taken
the data, RDRDY is reset and a DMA request is is-
sued to get the next data. When the ST9 Output
Slave Latches are written, during the DMA trans-
fer, RDRDY is set again. If the User wants to get

Figure 10-14. DMA output transfers with 2
lines output handshake

data from ST9 as soon as RDSTB goes low, exter-
nal latches clocked by RDSTB can be added to
create a pipeline stage, that is at each RDSTB low
pulse on the falling edge the peripheral gets data
transferred into the port by the previous DMA
transfer and on the rising edge a DMA request is
issued to get the next data.

10.3.4 DMA input transfers with one line input
handshake

When

- One Line Input Handshake is
(HS7="0", HS6="0", HS5="1")

- the port is enabled to support DMA input op-
erations driven by the Timer CAPTO DMA
Channel (DEN=“0", DD="1", DCH="0")

- the Timer TOINA DMA requests are enabled on
rising (or falling) edges data transfers on port
pins programmed as Input (or Bidirectional)
can be synchronized by using the Timer TOINA
line as DMA Request, and the Handshake
WRRDY line as DMA Acknowledge.

When One Line Input Handshake is selected
WRRDY is set to indicate that data can be loaded
into the Input Latches of the Input and Bidirectional
port pins. Data present on the port pins is continu-
ously sampled. While ST9 is reading the port, dur-
ing the DMA transfer requested by a rising (or
falling) edge on the Timer TOINA line, WRRDY
goes low. If data is strobed into the port only when
WRRDY is high, the forced low state of WRRDY
will prevent Input Latches data from changing
while ST9 is reading the port. When ST9 reading
cycle finishes, WRRDY is set.

selected

Figure 10-15. DMA input transfers with one
line input handshake

C c
A A
TIMER 0|P}—{1/0 TIMER 0| P—1/0
5 EXTERNAL 0 EXTERNAL
R'D—_STBL—’ PERIPHERAL PERIPHERAL
Tomal__L OMA REQUEST ToNA|L__DMA REQUEST
DMA ACKNOWLEDGE DMA ACKNOWLEDGE
RDRDY WRRDY
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PROGRAMMABLE DMA MODES (Continued)

10.3.5 DMA output transfers with one line out-
put handshake

When

- One Line Output Handshake is selected
(HS7="0", HS6="1", HS5="0")

- the port is enabled to support DMA output
transfers driven by the Timer CAPTO DMA
Channel (DEN=*0", DD="0", DCH="0")

- the Timer TOINA DMA requests are enabled on

rising (or falling) edges

data transfers on port pins programmed as Output
or Bidirectional can be synchronized using the
Timer TOINA line as DMA Request, and the Hand-
shake RDRDY line as DMA Acknowledge. RDRDY
is reset to indicate that no significant data is pre-
sent on the Output (or Bidirectional) port pins.
When the ST9 Output Slave Latches are written,
RDRDY is set to indicate that data are ready for the
peripheral device. The first data, whose usual
meaning is that the ST9 is ready to provide the fol-
lowing data by DMA transfers, is normally written
by the DMA initialization routine.

When a rising (or falling) edge is received on
TOINA, a DMA request is issued to get the next
data. While ST9 is writing into the Output Slave

Latches, during the DMA transfer, RDRDY goes

low. RDRDY is set again when the new data is
ready on the port pins.

Figure 10-16. DMA output transfers with one
line output handshake

10.3.6 DMA input/output transfers with bidi-
rectional handshake

When

- Bidirectional Handshake is selected (HS7="X",
HS6="0", HS5="0")

- the port is enabled to support DMA transfers
driven by the Timer CAPTO DMA Channel
(DEN="0", DCH="0")

- the Handshake WRSTB and RDSTB lines are
ANDed and connected off-chip to the Timer
TOINA line

- TOINA DMA requests are enabled on rising
edges

- WRSTB and RDSTB interrupt requests are dis-
abled

data transfers on port pins programmed as Bidirec-
tional can be synchronized using the Handshake
WRSTB and WRRDY lines as DMA Request and
DMA Acknowledge for DMA Input transfers
(DD=1") and the Handshake RDSTB and RDRDY
lines as DMA Request and DMA Acknowledge for
DMA Output transfers (DD="0").

DMA Input Transfers. When Bidirectional Hand-
shake is selected WRRDY is set to indicate that
data can be loaded into the Input Latches of the
Bidirectional port pins. Data present on the pins is
sampled when the peripheral forces a low level on
WRSTB. When a rising edge on WRSTB (TOINA)
occurs WRRDY goes low, signifying that the input
Latches are full and further loading must be inhib-
ited until the ST9 reads the port, and a DMA re-

quest is issued. When the port register is read,
during the DMA transfer, WRRDY is set.
c Figure 10-17. DMA input/output transfers with
< e -
TMER o] B /0 bidirectional handshake
5 EXTERNAL
PERIPHERAL
Cc
A
TONA DMA REQUEST TMER 0fp—1/0
0 QUTPUT DMA
DMA ACKNOWLEDGE RDRDY ACKNQOWLEDGE
RDRDY EXTERNAL
OUTPUT DMA
VROOA182 RDSTB REQUEST | ERIPHERAL
WRSTB
INPUT DMA
REQUEST
TOINA
SO Este
WRRDY A
VR0O00185
82/219 LNy SGS-THOMSON
V7. icRozECTRONICS

166




ST9 - Handshake

PROGRAMMABLE DMA MODES (Continued)

DMA Output Transfers. When Bidirectional
Handshake is selected, RDRDY is reset to indicate
that no significant data is present on the Bidirec-
tional port pins. When the Output Slave Latches
are written, RDRDY is set to indicate that data is
ready for the peripheral device. The first data,
whose usual meaning is that ST9 is ready to pro-
vide the following data by DMA transfers, is nor-
mally written by the DMA initialization routine.

When RDSTB goes low data is allowed onto the port
pins. When a rising edge is received on RDSTB
(TOINA), indicating that the peripheral has taken the
data, the Output Buffers are forced tristate, RDRDY
is reset and a DMA request is issued to get the next
data. When the Output Slave Latches are written
during the DMA transfer, RDRDY is set again.

In the output data flow there is one pipeline stage,
that is at each RDSTB low pulse on the falling edge
the peripheral gets data transferred into the port by
the previous DMA transfer and on the rising edge
issues a DMA request to get the next data.

Example. As the direction of DMA transfers is con-
trolled by software, the User must define a protocol
to control the sequence of input/output data trans-
fers.

The initialization routine defines the direction (DD)
of the first DMA transfer and the address and size
of the data buffer (Pointer and Counter associated
to the DMA Channel). In the interrupt routine called
when the DMA Transaction Counter = 0, the User
must define the new address and size of the data

buffer and can change (according to the chosen
protocol) the direction of next DMA operations.

Figure 10-18 shows how the application example
of Figure 10-17 (an ST9 connected as a slave of
another ST9) is modified when data transfer
from/to the slave ST9 is performed by DMA trans-
fers.

10.3.7 DMA Transfers Driven By Timer
Comp0 Channel With Handshake

DMA output transfers with one line output
handshake

when

- One Line Output Handshake
(HS7="0", HS6="1", HS5="0")

- the port is enabled to support DMA output
transfers driven by the Timer COMPO DMA
Channel (DEN=“0", DCH="1)

data transferred by DMA transfers on port pins pro-
grammed as Output or Bidirectional can be strobed
using the Handshake RDRDY line.

When One Line Output Handshake is selected
RDRDY is reset to indicate that no significant data
is present on the Output and Bidirectional port
pins. When the Output Slave Latches are written
RDRDY is set. The rising edge of RDRDY can be
used as a latching signal. At every DMA transfer
triggered by the COMPO event new data is written
into the port. While data is changing on the Output
Slave Latches, RDRDY goes low. RDRDY is set
again when the new data is ready on the port pins.

is selected

Figure 10-18. Bidirectional Application Example With DMA Transfer

PX < A(7:0),/D(7: 0) > PO
LATCHES AS
SLAVE ST9 <A_(L7\_10)J MASTER ST9
— DECODER
RDSTB - \,ﬁ =
A(15:8 P1
TOINA
R R/W
WRSTB & D—é
RDRDY INT1
WRRDY INT2
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L3y SGS-THOMSON 83/219
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Slave Latches, RDRDY goes low. RDRDY is set
again when the new data is ready on the port pins.

10.4 HANDSHAKE/DMA CONTROL REGIS-

TERS

To program the Handshake and DMA modes, the
User has to write the Handshake/DMA Control reg-
ister (HDCTL) according to the table shown in
page 80. The different handshake protocols and
the Port behaviour during DMA operations are ex-
plain in the previous paragraphs.

HDCTLx Read/Write
Handshake/DMA Control Register

Reset Value: 1111 1111 (OFFh)
7 0

[to7 [ reo [ res [ o] oo [ oo [oon] 1 |

Table 10-1. Module Configuration Table

b7-b5 = HS7, HS6, HS5: Handshake Mode Selec-
tion. These bits allow selection of the Handshake
direction and the number of iines used in the hand-
shake as shown in the following table.

b4 = DEN: DMA Enable. This bit (when reset) en-
ables the DMA function with handshake through
1/0 Port 5. DMA is disabled when this bit = “1”.

b3 = DD: DMA Data Direction. The direction of the
DMA transfers through 1/O Port 5 is set by this bit.
A “1” sets DMA Input and a “0” sets DMA Output.
b2 = DST: DMA Strobe. This bit, when set, enabies
the use of the Multifunction Timer 0 On-Chip Event
to trigger the DMA transaction.

b1 = DCH: DMA Channel When DST is set, allow-
ing the DMA transactions to be triggered by Multi-
function Timer 0, DCH selects the MFT source, a
“1” selects the COMPO source, a “0” selects the
CAPTO source.

Handshake Modes HS7 HS6 HS5
Disabled X 1 1
Output (2 lines) 1 1 0
Output (1 line) 0 1 0
Input (2 lines) 1 0 1
Input (1 line) 0 0 1
Bidirectional (2 lines) X 0 0

84/219
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CONTROL REGISTERS (Continued)
Figure 10-19. Handshake/DMA Control Registers

Applicable for ST9030, ST9032, ST9036, ST9040
PAGE 0 PAGE 2 PAGE3

OFFh Reserved R255 OFFh P7DR R255

OFEh P3C2 R254 OFEh pP7C2 R254

OFDh P3C1 R253 OFDh P7CA1 R253

OFCh P3CO R252 OFCh P7CO R252

OFBh Reserved R251 OFBh R251

OFAh pP2C2 R250 OFAh i R250

OF9h P2C1 R249 O0F%9h R249

OF8h P2C0 R248 O0F8h R248

O0F7h R247

OF6h P1C2 R246 OF6h P5C2 R246

OE5h P5DR R229 O0OF5h P1C1 R245 0F5h P5C1 R245
0E4h P4DR R228 O0OF4h P1CO R244 OF4h P5CO R244
OE3h P3DR R227 0F3h R243
OE2h P2DR R226 O0F2h POC2 R242 OF2h P4C2 R242
OE1h l P1DR R225 OF1h POC1 R241 OF1h P4C1 R241
OEOh PODR R224 OFOh POCO R240 OFOh P4CoO R240

g S5 HMEN =
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11 SERIAL PERIPHERAL INTERFACE

11.1 INTRODUCTION

The Serial Peripheral Interface (SPI) is integrated
into the Core module of the ST9 and provides a
general purpose shift register based peripheral al-
lowing several external peripherals to be linked
through an SPI protocol bus. In addition, spegial
modes allow reduced software overhead with 1°C-
bus and IM-bus Communication standards.

The SPI uses 3 lines comprising Serial Data In
(SD!) and Alternate Function outputs Serial Data
Out (SDO) and Synchronous Serial Clock (SCK).
Additional I/O pins may act as device selects or IM-
bus address ident signals.

Figure 11-1. Block Diagram

Its Main Features are:
Full duplex 3-wire synchronous transfer
Master operation only

1.5MHz max bit transfer frequency
(INTCLK = 12MHz)

4 Programmable bit rates
Programmable clock polarity and phase
Busy Flag

End of transmission interrupt

Additional hardware to facilitate more
complex protocols

INT2 SDO SDI SCK/INT2
;
i
i
i \
{ /
|
! READ BUFFER
'
i
| 1
i
‘:
! SERIAL PERIPHERAL INTERFACE DATA REGISTER
!
) ( SPIDR ) R253
E
END OF DATA BUS
TRANSMISSION
INT2
POLARITY
PHASE
MULTIPLEXER
BAUD RATH
INTERNAL
SERIAL
cLOoCK
INTCLK TO MSPI
BMS | ARB [ BUSY| CPOL| CPHA| SPR1 | SPRO CONTROL
R254 LOGIC
SERIAL PERIPHERAL CONTROL REGISTER ( SPICR )
ST9 INTERRUPT
INTBO
VR000347
02-93 87/219
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11.2 FUNCTIONAL DESCRIPTION

The SPI, when enabled, receives input data from
the ST9 Core internal data bus into SPIDR, and
originates the Serial Clock (SCK) based upon di-
viding of the internal processor clock (INTCLK).
The data is parallel loaded into the 8 bit shift regis-
ter (from the internal bus) during a write cycle and
then shifted out serially through the SDO pin (Most
Significant bit first) to the slave device, which re-
sponds by sending its data to the master device via
the SDI pin. This implies full duplex transmission
with data-out and data-in both synchronized with
the same clock signal. Thus the transmitted byte is
replaced by the byte received, eliminating the need
to have separate “Tx empty” and “Rx full” status
bits.

When the shift register is loaded, data is parallel
transferred to the read buffer and data becomes
available for the ST9 during a following read cycle.

The SPI requires three pins on an 1/O port:

SCK Serial Clock signal
SDO Serial Data Out
SDI Serial Data In

An additional output bit of an I/O port may be used
to perform the slave chip select signal.

Figure 11-2. A Typical SPI Network

PORTX
PORTY ’_'—"‘—_* l
cs ST8
ST6398
STS MCU ST93C46A ON SCREEN
1K EEPROM DISPLAY
DO DI SK SDI - SCK
SD|-‘———————J T AAJ
SDO
SCK

VA00436

88/219
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11.2.1 Input Signal Description
Serial Data In (SDI)

uatia ="

Data is transferred serially from a slave to a master
on thls line, most significant bit first. In an S-
BUS/I°C-bus configuration, SDI line senses the
value forced on the data line (by SDO or by another
peripheral connected to the S-bus/I°C-bus envi-
ronment).

11.2.2 Output Signal Description

Serial Data Out (SDO)

The SDO pin is configured as an output for the
master device. This is obtained by programming
the corresponding I/O pin as an output alternate
function. Data is transferred serially from a master
to a slave on SDO, most significant bit first. This pin
is forced to the high impedance state when the SPI
is disabled and is set to “1” when arbitration is lost
(during an S-bus/I°C-bus protocol transmission).
The master device always allows data to be ap-
plied on the SDO line one half cycle before the
clock edge in order to latch the data for the slave
device.

Master Serial Clock (SCK)

The master device uses SCK to latch the incoming
data on the SDI line. This pin is forced to a high im-
pedance state when SPIl is disabled (SPEN,
SPICR.7 = “0”), in order to avoid clock contention
from different masters in a multi-master system.
The master device generates SCK from INTCLK.
SCK is used to synchronize the transfer of data
both in and out of the device through its SDI and
SDO pins. The SCK type and its relationship to
data are controlled by the CPOL and CPHA bits in
the Serial Peripheral Control Register.

This input is provided with a digital filter which
cleans spikes lasting less than one INTCLK period.

Two bits (SPR1 and SPRO) in the Serial Peripheral
Control Register, SPICR (R254) select the clock
rate. Four frequencies can be selected, two in a
high frequency range (mostly used with the SPI
protocol) and two in a medium frequency range
(mostly used for more complex protocols).

« MICROELECTRONICS
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11.3 INTERRUPT STRUCTURE

SPI peripheral is associated with external interrupt Figure 11-3. SPI I/O Pins
channel BO (pin INT2). Multiplexing between the
external pin and SPI internal source is controlled
by the SPEN and BMS bits according to the follow-

ing table. ™ SCK
The two possible SPI interrupt sources are: End of _ SDo

¢ 2 P/D
transmission (after each byte) and S-bus/I“C-bus SPI
start condition. Care should be taken when tog- Sl
gling SPEN or/and BMS bits from (0,0) status, this r
should be done by masking the interrupt channel

BO (reset of EIMR.IMBO, bit 2 of External Interrupt P21 SDI
Mask Register). Furthermore it is necessary to =~ LaTcH || 1 P21
clear possible spurious requests on the corre- P/D
sponding channel by resetting the interrupt pend-
ing bit EIPR.IPBO (bit 2 of External Interrupts

Pending Register). Sk
The INT2 input Function is always mapped together <~ L:TZgH | J 22
with the SCK input Function to allow start/stop bit de- E g:] INT2

tection when using S-bus/I°C-bus protocols.
A delay instruction (e.g. a NOP instruction) should

be inserted between the SPEN toggle instruction P23 sDo
and the interrupt pending bit reset instruction. =1 LaTCH | P23
'

DATA BUS

Table 11-1. Interrupt Configuration L _ INT2
SPEN BMS Interrupt Source ST90XX
VR000343
0 0 External channel INT2
o ’ S-bus/I?C bus start or
stop condition
1 X End of one byte

transmission

LNz SGS-THOMSON 89/219
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11.4 SPI REGISTERS

SPI uses two registers mapped on page 0 of the
register file:

SPIDR R253 (FDh) Page O Read/Write
SPI Data Register (R253)

Reset Value: 0000 0000b (00h)
7 0

EEEIRIEIEIEIES

b7-b0 = DO-D7: SPI Data Bits. This register con-
tains the data transmitted and received by the SPI.
Data is transmitted b7 first, and receives incoming
data into b0. Transmission is started by writing to
this register.

SPICR R255 (FEh) Page 0 Read/Write
SPI Control Register (R254)

Reset Value: 0000 0000b (00h)
7 0

[ e [ arm o] o [ ] v | oo

b7 = SPEN: Serial Peripheral Enable. When set,
the two alternate functions SCK and SDO are en-
abled. When disabled, SCK and SDO are kept in
high impedance. Furthermore, SPEN affects the
selection of the source for interrupt channel BO.
Transmission will start by simply writing the data
into the SPIDR Register.

b6 = BMS: S-bus/FC-bus Mode Selector. This bit
should be set to “1” when the SPI is used in an S-
bus/I°C-bus protocol. It enables S-bus/I°C-bus ar-
bitration, clock synchronization and Start/ Stop
detection.

When this bit is reset to "0”, a reinitialisation of the
SPI logic is performed allowing recovery proce-
dures after a Rx/Tx failure. BMS (and SPEN) af-
fects the selection of the source for interrupt
channel BO.

b5 = ARB: Arbitration flag bit. This bit is set when
the SPI, in S-bus/I“C-bus mode, loses arbitration,
and is reset when an S-bus/I°C-bus stop condition
is detected. ARB can be reset by software. When
ARB is set automatically, the SDO pin is set to high
value until a write instruction on SPIDR is per-
formed.

90/219
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b4 = BUSY: SPI/ Busy Flag. BUSY flag is set when
a transmission is in process. This bit allows the
user to monitor the SPI status by poliing its vaiue.

b3 = CPOL:Transmission Clock Polarity. CPOL
controls the normal or steady state value of the
clock when data is not being transferred.

As the SCK line is held in a high impedance state
when the SPlis disabled (SPEN = “0”), the SCK pin
must be connected to Vss or Vcc through a resistor
according to the CPOL state. Polarity should be
selected during the reset routine according to the
value set into all peripherals and must not be
changed during program execution.

b2 = CPHA: Transmission Clock Phase. CPHA
controls the relationship between the data on the
SDI and SDO pins and the clock produced at the
SCK pin. CPHA bit selects the clock edge which
captures data and allows it to change state. It has
its greatest impact on the first bit transmitted
(MSB) because it does (or does not) allow a clock
transition before the first data capture edge.
Figure 11-5 shows the relationship between
CPHA, CPOL and SCK, and indicates active clock
edges and strobe times.

SCK
CPOL CPHA on
Figure 11-5
0 0 (a)
0 1 (b)
1 0 (c)
1 1 (d)

&7 32

b1-b0 = SPR1,SPRO: SP/ Rate. These two bits se-
lect one (out of four) baud rates to be used as SCK.

Clock SCK Frequency
SPR1 SPRO Divider (INTCLK = 12MHz)
0 0 8 1500kHz (T =0.67us)
0 1 16 750kHz (T =1.33us)
1 0 128 93.75kHz (T = 10.66us)
1 1 256 46.87kHz (T =21.33us)
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11.5 WORKING with DIFFERENT PROTOCOLS

The SPI peripheral offers the following facilities to
work.with S-bus/I“C-bus and IM-bus protocols:

- Interrupt request on start/stop detection
- Hardware clock synchronisation

- Arbitration lost flag with an automatic set of
data line

Note that the I/O bit associated to the SPI should
be returned to a defined state as a normal I/O pin
before changing the SPI protocol.

The following paragraphs provide information to
manage these protocols.

11.5.1 1°C-bus Interface

I°C-bus is a two-wire bidirectional data-bus, the
two lines being SDA (Serial DAta) and SCL (Serial
ClLock). Both are open drain lines to allow arbitra-
tion. As shown in figure 11-6, data is toggled with
clock low and Start and Stop conditions are de-
tected when a high to low (start) or a low to high
(stop) transition on the SDA line occurs with the
SCL line high.

Each transmission consists of nine clock pulses
(SCL line). The first 8 pulses transmit the byte (msb
first), the ninth is used by the receiver to acknow-
ledge.

Figure 11-5. SPI Data and Clock Timing

Figure 11-4. S-Bus/I°C-bus Peripheral Com-
patibility without S-Bus Chip Select

VoD
2x
2.5KQ

SCK SCL
SoI SDA
SDO ———j L—*« SEN
STS MCU S—-bus
S—bus SLAVE
PRQTOCOL DEVICE
SCL
SDA
1?C-bus
SLAVE
DEVICE

VA00443

INTERNAL
READ STROBE

(a)

(b)

SCK

() :

(d) -

(O
o o X2 X )Xo X2 X0 X

VA00437
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DIFFERENT PROTOCOLS (Continued)
Table 11-2. Typical I°C-bus Sequences

TRANSMISSION

SDO pin as Alternate Function
output load data into SPIDR

Start transmission
interrupt request

Phase Software Hardware Notes
SPICR.CPOL, CPHA=0,0
SPICR.SPEN =0 Set polarity and phase

INITIALIZE SPICR.BMS =1 SCK, SDO IN HI-Z SPI disable

SCK pin set as AF output SCL, SDA=1,1 START/STOP interrupt
SDI pin set as input Enable
Set SDO port bit to 1
SDO pin set as output SDA =0, SCL = 1 START condition

START Open Drain interrupt request receiver START detection
Set SDO port bit to 0 ptreq
SPICR.SPEN =1 SCL=0 Managed by interrupt routine

load FFh when receiving end of
transmission detection

SPICR.SPEN =0

SCK, SDOin HI-Z

SPI disable

ACKNOWLEDGE Poll SDA !ine SCL, SDA =1 only if tran;mitting
Set SDA line only if receiving
SPICR.SPEN =1 SCL=0 only if transmitting
SDO pin set as output Open Drain SDA = 1

STOP SPICR.SPEN =0 imemj t request STOP condition
Set SDO port bit to 1 ptreq
Figure 11-6. SPI Data and Clock Timing
Ist BYTE " BYTE

N

START
CONDITION

| |
§ ; i
SDA ~ -
AcK, | ‘l'\
- )
|
|
\
r
i
I

CLOCK PULSE

FOR ACKNOWLEDGEMENT
DRIVEN BY SOFTWARE

CLOCK PULSE
FOR ACKNOWLEDGEMEN
DRIVEN BY SwW
CONDITION

VR000188
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DIFFERENT PROTOCOLS (Continued)

The data on the SDA line is sampled with the low to
high transition on the SCL line.

SPI Working With 12C-bus

To use the SPI with the 1°C-bus protocol, the SCK
line is used as SCL, the SDI and SDO lines, exter-
nally wired-OR'd, are used as SDA. All the output
pins must be configured as open drain (see Fig-
ure 11-6).

Table 11-2 shows the typical 1?C-bus sequence di-
vided in 5 phases: initialize, start, transmission, ac-
knowledge and stop.

Software and hardware will take care of each
phase. A master to slave transmission can be
managed as example according to the following ta-
ble.

During the transmission phase, the following 12c-
bus features are also supported by hardware.

Clock Synchronization

In a multimaster 1°C-bus system, when more mas-
ters generate their own clock, synchronization is
needed. The first master which releases the SCL
line stops internal counting, restarting only when

Figure 11-7. SPI Arbitration

the SCL line goes high (released by all the other
masters). In this way, devices using different clock
sources and different frequencies can be inter-
faced.

Arbitration Lost

When more masters are sending data on SDA line,
the following mechanism is performed: if the trans-
mitter sends a “1” and SDA line is forced low by an-
other device the ARB flag (SPICR.5) is set and the
SDO buffer is "switched off. (ARB is reset and SDO
buffer is “switched on” when SPIDR is written to
again). When BMS is set to “1” the peripheral clock
is supplied through the INT2 line by the external
clock line (SCL). Due to potential noise spikes
(which must last longer than one INTCLK period to
be detected), RX or TX may gain a clock pulse.
Referring to Figure 11-7, if ST9-1 detects a noise
spike and gains a clock pulse, it will stop its trans-
mission in advance and hold the clock line low
causing ST9-2 to be frozen at the 7th bit. To exit
and recover from this condition the BMS _bit must
be reset to “0”, this will cause the reset of the SPI
logic, aborting the current transmission. An End of
Transmission interrupt is generated after this reset
sequence.

"7 SGS-THOMSON

ST9-1 ST9-2
INTERNAL SERIAL INTERNAL SERIAL
CLOCK CLOCK
SCI
5 . ,\ K SCK/| 5
v — 1 — L — I ~
MSPI MSPI
CONTROL f=—o T T T f—={CONTROL
LOGIC LOGIC
! INT 2 INT 2
BHS BHS
ST9-2-5CK [ ] [ 2 ] [ L] 41 5 6 7
SP’\_KE
ST8-1-SCK [ T2 L sl s1T _JTs L 71 N
S
VR0O01410
93/219

'« MICROELECTRONICS

177



ST9 - Serial Peripheral Interface

DIFFERENT PROTOCOLS (Continued)

11.5.2 S-Bus Interface

S-bus is a three-wire bidirectional data-bus, with
functional features similar to 1°C-bus. Differently
from 1°C-bus, the START/STOP conditions are
given by encoding the information on 3 wires in-
stead of 2, as shown in Figure 11-8. The additional
line is referred as SEN.

SPI Working With S-bus

The S-bgs protocol uses the same pin configura-
tion as I“C-bus for generating the SCL and SDA
lines. The additional SEN line is managed through

a standard ST9 I/O port under software control
(see Figure 11-9).

Figure 11-9. S-bus Configuration

Figure 11-8. Mixed S-bus and 1’C-bus system
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ST9 - Serial Peripheral Interface

DIFFERENT PROTOCOLS (Continued)

11.5.3 IM-Bus Interface

The IM-bus has a bidirectional data line and a clock
line, and in addition it requires an IDENT line that
distinguishes an addr%ss from a data byte (Fig-
ure 11-11). Unlike the 1°C-bus protocol, the IM-bus
protocol sends the least significant bit first, this re-
quires a software routine which reverses the bit or-
der before sending, and after receiving a data byte.
Figure 11-10 shows the connections for an IM-bus
peripheral to an ST9 SPI. The SDO and SDI pins
are connected to the bidirectional data pin of the
peripheral device. The SDO alternate function is
set in Open Drain (external 2.5KQ pull-up resistors
are required).

With this type of configuration, data is sent to the
peripheral by writing the data byte to SPIDR. To re-
ceive data from the peripheral, the User should

Figure 11-11. IM bus Timing

write FFh into SPIDR in order to generate the shift
clock pulses. As the SDO line is set to the Open
Drain configuration, the incoming data bits that are
set to one do not affect the SDO/SDI line status
(which defaults to a high level due to the FFh in the
transmit register), while incoming bits that are set
to “0” pull the input line low.

In software it is necessary to initialise the ST9 SPI
with CPOL and CPHA set to “1”, “1”. By using a
general purpose I/O as the IDENT line and forcing
itto a logical “0” when writing to SPIDR, an address
is sent (or read). Then, by setting this bit to a logical
“1” and writing to SPIDR, data is sent to the periph-
eral. When all the address and data pairs are sent
it is necessary to drive the IDENT line low and high
to create a short pulse. In this way the stop condi-
tion is generated.
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12 TIMER/WATCHDOG

12.1 INTRODUCTION

A programmable 16-bit down counter with an 8-bit
prescaler is included in the ST9 Core. This Timer
can be programmed to be used as a general pur-
pose 16-bit Timer, with associated input and out-
put pins for timing functions, or as a Watchdog
Timer offering security against possible processor
malfunctions due to hardware or software failures.

The Timer/Watchdog functions can use inputs
from an external pin and an Alternate Function out-
put of an I/O Port. The Input pin can be used in one
of the four programmable input modes:

- event counter,

- gated external input mode,
- triggerable input mode,

- retriggerable input mode.

Figure 12-1. Block Diagram

The output pin can be used to generate a square or
a Pulse Width Modulated signal.

An interrupt generated by the unit (when running
as a 16-bit Timer/counter and not as Watchdog)
can be used as a Top Level Interrupt or as an inter-
rupt source connected to channel A0 of the exter-
nal interrupt structure (replacing the INT1 interrupt
input).

The clock for the counter can be driven either by an
external clock or an internal clock equal to INTCLK
divided by 4.

When using an external 24MHz crystal (INTCLK =
12MHz), the End Of Count rate is:

5.59 sec. for Max. Count (Timer Const. = FFFFh,
Prescaler Const. = FFh)

333 nsec. for Min. Count (Timer Const. = 0000h,
Prescaler Const. = 00h)
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12.2 FUNCTIONAL DESCRIPTION
12.2.1 Timer/Counter Input Modes

Setting the Input Enable (”\IEN\ bit enables the in-

put mode which is selected via the INMD1 and
INMD?2 bits. When INEN is reset to zero, the input
section is disabled and the values of INMD1 and
INMD2 are don’t-care.

Event Counter Mode
(INMD1 = “0”, INMD2 = “0”)

The Timer is driven by the signal applied to the in-
put pin which acts as an external clock. The unit
works therefore as an event counter. The event is
a high to low transition of the input signal.

Spacing between trailing edges should be at least
350ns (i.e. the maximum Watchdog Timer input
frequency is 2.9MHz with INTCLK = 12MHz).

Gated Input Mode

(INMD1 = “0”, INMD2 =“1")

The Timer uses the Watchdog internal clock
(INTCLK divided by 4) and starts and stops the
Timer according to the input pin. When the status
of the Input pin is High the Timer Watchdog count
operation proceeds, and when Low, counting is
stopped.

Retriggerable Input Mode

(INMD1 = “1", INMD2 = “1")

A Timer/Watchdog start is caused by:

a) a set of the Start-Stop bit, or

b) a High to Low (low trigger) transition on the input
pin.

In order to stop the Timer, it is only necessary to re-
set the Start-Stop bit to zero.

Triggerable Input Mode

(INMD1 =“1”, INMD2 = “0")

In this mode when the Timer is running
(TIMER/WATCHDOG internal clock), a High to
Low transition of the input pin causes the counting
to start from the initial value. When the Timer is
stopped (ST_SP bit equal to zero), a High to Low
transition of the input pin has no effect.

12.2.2 Timer/Watchdog Output Modes

OUTPUT modes are selected using 2 bits of
WDTCR (R251): OUTEN (Output Enable) and
OUTMD (Output Mode).

When OUTMD = “0”, the Timer outputs a signal
with a frequency equal to half the End Of Count
repetition rate. With INTCLK = 12MHz, this allows
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generation of a square wave with a period ranging
from 666ns to 11.18 seconds.

The value of the WROUT bit is transferred to the
output pin at the End Of Count and the value is
held until the next End of Count when OUTMD =
“1”. This allows the user to generate PWM signals,
by modifying the status of WROUT between End of
Count events, based on software counters decre-
mented on the Timer/Watchdog interrupt.

OUTEN = “1” enables the output function selected
via OUTMD
When OUTEN = “0”, the output is disabled and the

output pin is held at a “1” level to allow several al-
ternate functions on the same pin.

12.2.3 Timer/Counter Control
Start/Stop

ST_SP (WDTCR.7) enables down-counting. An in-
struction which sets this bit will cause the Timer to
start at the beginning of the following instruction.
Resetting this bit will stop the counter.

If the counter is stopped and restarted, counting
will resume from the last value unless a new con-
stant has been entered in the Timer registers. A
new constant can be written with the counter run-
ning. The new value will be loaded at the following
End Of Count (EOC).

WARNING: In order to prevent incorrect counting
of the Timer/Watchdog, the prescaler (WDTPR)
and counter (WDTRL, WDTRH) registers must be
initialised before the starting of the Timer/Watch-
dog. If this is not done, counting will start with the
reset (un-initialised) values.

Single/Continuous Mode

SINGLE MODE: At End Of Count the Timer stops,
reloads the constant, and resets the Start/Stop bit
(WDTCR.6) (user may check the current status by
reading this bit). Restarting is done by setting the
Start/Stop bit. Note that the Timer constant is re-
loaded only if it has been modified during the stop
period.

CONTINUOUS MODE: At End Of Count the
counter automatically reloads the constant and re-
starts. Itis stopped only if the Start/Stop bit is reset.
This Mode bit can be written with the Timer
stopped or running. It is possible to toggle the
S_C bit and start the counter with the same instruc-
tion.
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FUNCTIONAL DESCRIPTION (Continued)

12.2.4 Timer/Watchdog Mode

In this mode (WDGEN = “0”) the counter generates
a fixed time basis. When End Of Count is reached
the Timer generates a system Reset.

The time base is user-defined and must be written
in the Timer registers before entering Watchdog
mode. In Watchdog mode it is possible to modify
only the Prescaler Constant. This new value will be
loaded when the counter restarts.

Resetting WDGEN (bit 6 of the Wait Control Regis-
ter) causes the counter to start regardiess of the
value of the Start-Stop. In order to prevent a system
reset the sequence AAh, 55h should be entered in
WDTLR (Watchdog Timer register low). Once the
writing of 55h has been performed the Timer re-
loads the constant and counting restarts from the
preset value.

Figure 12-2. Timer /Watchdog in Watchdog Mode .

The minimum time between the writing of the AAh
and 55h codes is zero, i.e. the writing is sequential,
and the maximum time is given by the Watchdog
timeout period.

In Watchdog-mode a halt instruction is regarded
as illegal. Execution of the halt instruction stops
further core execution by the CPU and interrupt ac-
knowledgment, but does not stop INTCLK or
CPUCLK or the Watchdog Timer, which will cause
a System Reset when reaching the End of Count.
Furthermore ST_SP, S_C and input mode selec-
tion bits are “don’t-care”. Hence regardless of their
status, the counter always runs in Continuous
Mode driven by the internal clock.

The Output mode should not be enabled since that
particular mode of operation is meaningless.

COUNT
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\
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12.3 TIMER/WATCHDOG INTERRUPT

When enabled, the Timer/Watchdog will issue an
interrupt request at every End Of Count.

cqQues

A pair of control bits, IA0S (EIVR.1, Interrupt AQ se-
lection bit) and TLIS (EIVR.2, Top Level Input Se-
lection bit) allow the selection of 2 interrupt sources
(the Timer/Watchdog End of Count or an external
pin) in two different ways, as a top level non mask-
able interrupt (Software Reset) or as a source for
channel AO of the external interrupt logic.

In the Watchdog mode the End Of Count always
causes a system reset.

A block diagram of the interrupt logic is given in Fig-
ure 12-3 (Note: software traps can be generated by
setting the appropriate interrupt pending bit):

The following table shows all the possible configu-
rations of the interrupt/reset sources which involve
the Timer/Watchdog:

Table 12-1. Interrupt Configuration

Figure 12-3. Interrupt Sources

TIMER WATCHDOG
END OF COUNT

WDEN (WCR.6)

_E LIS (EIVR.2)

0

MUX  |——— INTAO REQUEST
INTO a} 1

L IAOS (EIVR.1)
Lo
MUX TOP LEVEL

INTERRUPT REQUEST

NMI 1

VA00293

Control Bits Enabled Sources Watchdog
Timer Stat

WDGEN 1AOS  TLIS Reset INTAO Top Level fmer Status

0 0 0 WDG/Ext Reset SW TRAP SW TRAP Watchdog

0 0 1 WDG/Ext Reset SW TRAP Ext Pin Watchdog

0 1 0 WDG/Ext Reset Ext Pin SW TRAP Watchdog

0 1 1 WDG/Ext Reset Ext Pin Ext Pin Watchdog

1 0 0 Ext Reset Timer Timer Timer

1 0 1 Ext Reset Timer Ext Pin Timer

1 1 0 Ext Reset Ext Pin Timer Timer

1 1 1 Ext Reset Ext Pin Ext Pin Timer
Note.

WDG = Watchdog function
SW TRAP = Software Trap
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12.4 TIMER/WATCHDOG REGISTERS

The Timer/Watchdog has 4 registers mapped into
Group F, Page 0 of the Register File.

WDTHR (R248): Timer/Watchdog Counter High
Register

WDTLR (R249): Timer/Watchdog Counter Low
Register

WDTPR (R250): Timer/Watchdog Prescaler
Register

WDTCR (R251): Timer/Watchdog Control Register

Three additional control bits are mapped in the fol-
lowing registers of Page 0:

- watchdog mode enable, WCR.6
- top level interrupt selection, EIVR.2
- interrupt AO channel selection, EIVR.1

Note: The registers containing these bits also con-
tain other functions. Only the bits relevant to the
operation of the Timer/Watchdog are shown here.

Counter Registers

This 16 bit register is used to load the 16 bit counter
value. The registers can be read or written “on the
fly”.

WDTHR R248 (F8h) Page 0 Read/Write
Timer/Watchdog Counter Register, High byte

Reset value: undefined
7 0

R15| R4 | RI3| R12| R11| RI0| RO | R

WDTLR R249 (F9h) Page 0 Read/Write
Timer/Watchdog Counter Register, Low byte.

Reset value: undefined
7 0

F(7F§6F5R4FBPQR1]F{)]

Lyj SGS:THoMSON

WDTPR R250 (FAh) Page 0 Read/Write
Timer/Watchdog Prescaler Register

Reset value: undefined
7 0

PR7 | PR6 |'PR5 | PR4 | PR3 | PR2 | PR1 | PRO

b7-b0 = PR7-PRO: Timer/Watchdog Prescaler.
The value stored in this Register is used to select
the prescaling factor from 1 (loading 00h) to 256
(loading FFh).

WARNING. In order to prevent incorrect counting
of the Timer/Watchdog, the prescaler (WDTPR)
and counter (WDTRL, WDTRH) registers must be
initialised before the starting of the Timer/Watch-
dog. If this is not done, counting will start with the
reset (un-initialised) values.

WDTCR R251 (FBh) Page O Read/Write
Timer/Watchdog Control Register

Reset value: 0001 0010 (12h)
7 0

ST_SH S C |INvD1|l INEN

b7 = ST_SP: Start/Stop Bit. Setting this bit to a “1”
starts the counting operation (see Warning above).
When this bit is “0”, the counter is stopped (reset
status)

b6 = S_C: Single/Continuous. When this bit is set,
the counter operates in Single Count Mode. Con-
tinuous Mode is set when this bit is “0”

b5-b4 = INMD1, INMD2: Input mode selection bits.

b3 = INEN: Input Enable. This bit enables (“17) and
disables (“0") the input section

b2 = OUTMD: Output Mode. When this bit is “1”,
and the output is enabled, the value of WROUT is
transferred to the output pin on every End Of
Count. When 0", the output is toggled on every
End of Count

b1 = WROUT: WROUT bit. The status of this bit is
transferred to the Output pin when QUTMD = “1”, it
is user definable to allow PWM output (at reset
WROUT = “1%)

b0 = OUTEN: Output Enable bit. The output is en-
abled by setting this bit to “1”, and disabled by re-
setting to “0”

WROUT|OUTEN|
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TIMER/WATCHDOG REGISTERS (Continued)
WCR R252 (FCh) Page 0 Read/Write
Wait Controi Register
Reset value: 0111 1111 (7Fh)
7 0

EIVR R246 (F6h) Page 0 Read/Write

External Interrupt Vector Register
Reset value: xxxx 0110 (X6h)
7 0

[XV\DGE\IXXXXXX

X X X X X | TUS|IACS| X

b6 = WDGEN: Watchdog Enable Bit (active low).
Resetting this bit to zero via software enters the
Watchdog mode. Once reset, it cannot be setto “1”
by the user program. At system reset, the Watch-
dog mode is disabled
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b2 = TLIS: Top Level Input Selection bit. This bit
selects the Top Level interrupt source. When “0”,
the Top Level interrupt source is the Watch-
dog/Timer end of count, when = “1”, it is the exter-
nal pin NML.

b1 =1AOS: Interrupt channel A0 Selection Bit. This
bit allows the Timer/Watchdog interrupt to channel
through the external Interrupt AO source, allowing
the setting of user-defined priority levels.

WARNING. To avoid spurious interrupt requests,
an access to the IAOS bit must be made only when
the interrupt logic is disabled (i.e. after the DI in-
struction). It is also necessary to clear a possible
interrupt pending request on channel AO before
enabling this interrupt channel. A delay instruction
(e.g. a NOP instruction) must be inserted between
the reset of the interrupt pending bit and the IAOS
write instruction.

CTRONICS
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13 MULTIFUNCTION TIMER

13.1 INTRODUCTION

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 supported by two 16-bit Comparison
Registers (CMPOR, CMP1R) for generating
timed functions and two 16-bit Capture/(re)Load
Registers (REGOR, REG1R) for timing and vari-
able timebase functions. These features coupled
with 2 input pins (TxINA and TxINB) and 2 Alter-
nate Function output pins (TxOUTA and
TxOUTB), where x = the number of the Timer,
give the Timer 12 operating modes including
automatic PWM generation and frequency meas-
urement.

Several functional configurations are possible, e.g.:

- 2 input captures on two different external lines
and 2 independent output compare functions
(counter in free running mode), or 1 output
compare on a fixed repetition rate.

- 1 input capture, 1 counter reload and 2 inde-
pendent output compares.

Figure 13-1. MFT Simplified Block Diagram

- 2 alternate autoreloads and 2 independent out-
put compares.

- 2 alternate captures on the same external line
and 2 independent output compares on a fixed
repetition rate.

When two timers are present on ST9 chip, a com-
bined mode is available.

Four internal signals are also available for timing of
on-chip functions: the On Chip Event signal can be
used to control other peripherals on the chip itself,
and 3 other signals which can be internally con-
nected to 1/0 port(s) in order to allow automatic,
timed, DMA transfers.

The two external inputs (TXINA/TxINB) of the timer
can be individually programmed to catch a particu-
lar external configuration, i.e.:

- rising edge
- falling edge
_ rising and falling edges

The configuration of each input is fixed by the Input
Control Register (ICR).
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L DMA CONTROLLER |
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INTRODUCTION (Continued)

Each of the two output pins (TxXOUTA/TxOUTB)
can be driven from any of three possible sources:
- Compare Register 0 logic

- Compare Register 1 logic

- Overflow/Underflow logic

Each of these three sources can cause one of the
following four effects, independently, on each of
the two outputs:

Nop

Set

Reset

Toggle

Furthermore an additional on-chip Event signal
can be generated by two of the three sources men-
tioned above, i.e. Over/Underflow event and Com-
pare 0 event. This signal can be used internally as

synchronism for another on-chip peripheral or as
strobe for an 1/O port (see 1/O port chapter).

Figure 13-2. Detailed Block Diagram

Five maskable interrupt sources referring to an
End Of Count condition, 2 input captures and 2
output compares, can generate 3 different interrupt
requests (with hardware fixed priority), pointing to
3 interrupt routine vectors.

Two independent DMA channels are available for
a MFtimer and can be used for quick data flow op-
erations. Each DMA request (associated to a cap-
ture on REGOR register, or a compare on CMPOR
register) has priority on the INT request generated
by the same source.

Each DMA channel can be employed in external
transfers to/from memory from/to an 1/O port using
three internal lines (one for setting the data flow di-
rection, and two for the transfer synchronization).

A SWAP mode is also available to allow high speed
continuous transfers (see Interrupt and DMA chapter).
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13.2 FUNCTIONAL DESCRIPTION

The operating modes of the timer can be selected
by programming the Timer Control Register (TCR)
and the Timer Mode Register (TMR).

13.2.1 One Shot Mode

When the counter generates an overflow (in up-
count mode) or an underflow (in down-count
mode), i.e. an End Of Count is reached, the
counter stops and no counter reload occurs. The
counter can be restarted only by an external or
software trigger. The One Shot Mode is entered by
setting TMR bit CO.

13.2.2 Continuous Mode

Whenever the counter reaches an End Of Count,
the counting sequence is automatically restarted
and the counter is reloaded from REGOR (or
REG1R when selected in Biload Mode). Continu-
ous Mode is entered by resetting TMR bit CO.

13.2.3 Trigger And Retrigger Modes

A trigger event may be generated either by soft-
ware action (setting either CP0O or CP1 bit in timer
register FLAGR), or by an external source which
may be programmed to be active on the rising
edge, the falling edge or both, using the fields AO-
A1 and B0-B1in ICR.

In One Shot and Trigger Mode, every trigger event
(used as a reload and start count) arriving before
an End Of Count, is masked. In One Shot and Re-
trigger Mode, every trigger (used as a reload and
start count) received while the counter is running
automatically reloads the counter from REGOR (or
REG1R when the register is selected in Biload
Mode). Trigger/Retrigger Mode is set by the REN
bit in TMR.

TxINA input refers to REGOR and TxINB input re-
fers to REG1R.

WARNING. If the Trigger Mode is selected when
the counter is in Continuous Mode, then every trig-
ger to reload the counter starting value is disabled,
so it is not possible to synchronize the counting cy-
cle by hardware or software.

Ei SGS-THOMSON

13.2.4 Gate Mode

In this mode the counting operation is performed
only when the external gate input is active (logical
state “0”). The selection of TxINA or TxINB input as
gate input is made through INO-IN3 bits in ICR.

13.2.5 Capture Mode

REGOR and REG1R registers may be inde-
pendently set in Capture Mode by setting RMO or
RM1 in TMR, so that a capture of the current count
value can be performed either on REGOR or
REG1R, via software action (by setting CPO or
CP1 in the FLAGR register) or a programmable
event on the external input pins.

WARNING. Care should be taken when two soft-
ware captures have to be performed on the same
register. In this case, at least one extra instruction
must be present between the first CPO/CP1 bit set
and the subsequent CPO/CP1 bit reset.

13.2.6 Up/Down Mode

The counter can count up or down depending on the
state of the UDC bit (Software Up/Down) in TCR, or
on the configuration of the external input pins, which
have priority over UDC (see Input pin assignment in
ICR). When read, the UDCS bit always returns the
counter up/down current status (see also the
Up/Down Autodiscrimination mode in the Input Pin
Assignment Section).

13.2.7 Free Running Mode

The timer performs full range counting (in up or down
mode) without reloading from REGOR at an End Of
Count. This mode is automatically selected either in
Bicapture Mode or by setting REGOR for capture
function (Continuous Mode must also be set). In
Autoclear Mode, free running with modulo less than
o't may be obtained (see Autoclear Mode).
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FUNCTIONAL DESCRIPTION (Continued)
13.2.8 Monitor Mode

When RM1 bit in TMR is reset and the timer is no
in Bivalue Mode, then REG1R acts as monitor, re-
producing the current U/D counter content ena-
bling the ST9 to read the counter “on the fly”.

13.2.9 Autoclear Mode

A clear command forces the counter to the value
0000h or OFFFFh, when counting in up or down
count mode respectively. The counter reset may
be obtained either directly, through CCL bitin TCR,
or by entering the Autoclear Mode, through CCPO
and CCMPO fields in TCR.

Every capture performed on REGOR (if CCPO =
“1”), or every successful compare performed by
CMPOR (if CCMPO = “17), clears the counter and+
reloads the prescaler. -
The Clear On Capture mode allows the direct meas-
urement of delta time between successive captures
on REGOR, while the Clear On Compare mode al-
lows free running with modulo less than 218

13.2.10 Bivalue Mode

Depending on the value of RMO bit in TMR, the
Biload Mode (RMO = “0”) ‘or the Bicapture Mode
(RMO = “1”) can be selected as explained in the fol-
lowing table:

Table 13-1. Bivalues Modes

~

TMR bits Timer
RMO RM1 BM Operating Modes
0 X 1 BiLoad mode
1 X 1 BiCapture Mode

A) Biload Mode

The Biload Mode is entered by selecting the Bi-
value Mode (BM = “1” in TMR) and programming
REGOR as a reload register (RMO = “0” in TMR).

At any End Of Count, the counter reloading is per-
formed alternately from REGOR and REG1R, (a
low level for BM bit always sets REGOR as the cur-
rent register, so that, after a Low to High transition
of BM bit, the first reload is always from REGOR).

Every software or external trigger event on REGOR
performs a reload from REGOR resetting the Biload
cycle. In One Shot mode (reload made by a software
or external trigger), the reload is always from REGOR.
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B) Bicapture Mode

The Bicapture Mode is entered selecting the Bi-

value Mode (BM = “1” in TMR) and programming
REGOR as a capture register (RM0 = “1”in TMR).

Every capture event, software simulated (by set-
ting CPO flag) or from the TxINA input line, cap-
tures the current counter value alternately into
REGOR and REG1R. A low level for BM bit always
sets REGOR as current register, so that the first
capture, after setting BM bit, is always into

13.2.11 Parallel Mode
When there are two timers on ST9 chip, the parallel

~/mode is entered with ECK =*1" in TMR of Timer 1.

Timef 1 prescaler input is internally connected to
})Def Timer-0 prescaler output. Timer O prescaler in-

p uyig-connected to the system clock line.
By.foading the Prescaler Register of Timer 1 with
the value 00h the two timers (Timer O and Timer 1)
are driven by the same frequency in parallel mode.

13.2.12 Autodiscriminator Mode

Figure 13-3. Parallel Mode Description

TIMER O

INTCLK /3 ——{PRESCALER O PRESCALER 1}—a{ TIMER 1

VR000217

The phase difference sign of two overlapped
pulses (respectively on TxINB and TxINA) gener-
ates a one step up(down) count, so that the
up/down control and the counter clock are both ex-
ternal. The setting of the UDC bit in the TCR regis-
ter has no effect in this configuration.
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13.3 INPUT PIN ASSIGNMENT

The two external inputs (TxINA and TxINB) of the
timer.can be individually configured to catch a par-
ticular external event (i.e. rising edge, falling edge,
rising and falling edges) by programming the two
relevant bits (A0, A1 and B0, B1) for each input in
the external Input Control Register (ICR).

The 16 different functional modes of the two exter-
nal inputs can be selected by programming INO -
IN3 bits of the ICR as explained in the following ta-

ble.

Table 13-2. Input Pin Function

1 C Reg. TxINA Input TxINB input
IN3-INO bits Function Function
0000 not used not used
0001 not used Trigger
0010 Gate not used
0011 Gate Trigger
0100 not used Ext. Clock
0101 Trigger not used
0110 Gate Ext. Clock
0111 Trigger Trigger
1000 Clock Up Clock Down
1001 Up/Down Ext. Clock
1010 Trigger Up Trigger Down
1011 Up/Down - not used
1100 Autodiscr. Autodiscr.
1101 Trigger Ext. Clock
1110 Ext. Clock Trigger
1111 Trigger Gate

Some choices in the external input pin assignment
are defined in conjunction with RMO and RM1 bits
in TMR.

For input pin assignment codes using the input

pins as Trigger Inputs (except for code 1010, Trig-

ger Up:Trigger Down):

- a trigger signal on TxINA input pin performs an
U/D counter load if RMO =“0", or an external
capture if RMO = “1”.

- a trigger signal on TxINB input pin always per-
forms an external capture on REG1R. The
TxINB input pin is disabled when the Bivalue
Mode is set.

Note. For proper operation of the External Input
pins, the following must be observed:

— the minimum external clock/trigger pulse width
cannot be less than the system clock (INTCLK) pe-
riod if the input pin is programmed as rising or fall-
ing edge sensitive.

— the minimum external clock/trigger pulse width
cannot be less than the prescaler clock period

(INTCLK/3) if the input pin is programmed as rising
and falling edges sensitive (valid also in Autodis-
crimination mode). - the minimum delay between
two clock/trigger pulse active edges must be
greater than the prescaler clock period
(INTCLK/3), while the minimum delay between two
consecutive clock/trigger pulses must be greater
than the system clock (INTCLK) period.

— the minimum gate pulse width must be at least
twice the prescaler clock period (INTCLK/3).

— in Autodiscrimination mode, the minimum delay
between the input pin A pulse edge (inside the in-
put pin B pulse) and the edges of the input pin B
pulse, must be at least the system clock (INTCLK)
period.

— if a number N of external pulses must be
counted using a Compare Register of a Timer in
External Clock mode, then the Compare Register
used must be loaded with the value [X +/- (N-1)],
where X is the starting counter value and the sign
is chosen depending if in Up or Down count mode
respectively.

The sixteen external input functional modes avail-
able (referring to Table 13-2) are:

13.3.1 TxINA = 1/O - TxINB = I/0

Innut pins A and B are not used by the Timer. The
MPUl pinS A anG © ar€ not useG Oy i€ 11imer. 1 ne

counter clock is internally generated and the
up/down control may be made only by software ac-
tion through the UDC (Software Up/Down) bit in
the TCR register.

13.3.2 TxINA = 1/O - TxINB = Trigger

The signal applied to input pin B acts as a trigger
signal on REG1R register. The prescaler clock is
internally generated and the up/down control may
be made only by software action through the UDC
bit in the TCR register.

13.3.3 TxINA = Gate - TxINB =1/0

The signal applied to input pin A acts as a gate sig-
nal for the internal clock (i.e. the counter runs only
when the gate signal is at a low level). The counter
clock is internally generated and the up/down con-
trol may be made only by software action through
the UDC bit in the TCR register.

TOINA (Gate Input) Lo T

Internal Counter Clock J—L_rLJ_LJ_l_f—

A count occurs here
VR000218
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INPUT PIN ASSIGNMENT (Continued)
13.3.4 TxINA = Gate - TxINB = Trigger

Both input pins A and B are connected to the timer,

with the resulting effect of combining the actions
due to the above explained configurations.

13.3.5 TxINA = /O - TxINB = Ext. Clock

The signal applied to input pin B is used as the ex-
ternal clock for the prescaler. The up/down control
may be made only by software action through the
UDC bit in the TCR register.

13.3.6 TxiNA = Trigger - TxiNB = /O

The signal applied to input pin A acts as a trigger
signal on REGOR register performing the action for
which the register was programmed (i.e. a reload
or capture). The prescaler clock is internally gener-
ated and the up/down control may be made only by
software action through the UDC bit in the TCR
register.

TOINA (Trigger Input) M

Internal Counter Clock | | | | I | | |

A count occurs here (x)

VR000189

(*) The timer is in One shot mode and REGOR in Reload mode

13.3.7 TxINA = Gate - TxINB = Ext. Clock

The signal applied to input pin B, gated by the sig-
nal applied to input pin A, acts as external clock for
the prescaler. The up/down control may be made
only by software action through the UDC bit in the
TCR register.

TOINA (Gate Input) - I

TOINB (Ext. Counter Clock) LT LML

A count occurs here

VR000190

108/219
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13.3.8 TxINA = Trigger - TxINB = Trigger

The signal applied to input pin A (or B) acts as trig-
ger sngnal for the REGOR (or REG1 R) register per-
forming the action for which the register has been
programmed. The counter clock is internally gen-
erated and the up/down control may be made only
by software action through the UDC bit in the TCR

register.

13.3.9 TxINA = Clock Up - TxINB = Clock
Down

The pulse received on input pin A (or B) performs a
one step up (or down) count, so that the counter
clock and the up/down control are external. Setting
the UDC bit in the TCR register has no effect in this
configuration while input pin B has priority on input
pin A.

X = don't care

TOINA (Up Count Clock) | || ” | XX =X X=X X =

Counter Increment

TOINB (Down Count Clock) mimim

Counter Decrement
VR0O00191

13.3.10 TxINA = Up/Down - TxINB = Ext Clock

An High (or Low) level of the signal applied on input
pin A sets the counter in the up (or down) count
mode, while the signal applied to input pin B is
used as clock for the prescaler. Setting the UDC bit
in the TCR register has no effect in this configura-
tion.

Down Count
Up Count

TOINA (UP /DOWN)

TOINB (Ext. Counter Clock) [T] 1

T b
Counter Decrement

Counter Increment
VR000192

13.3.11 TxINA = Trigger Up - TxINB = Trigger
Down

Up/down control is performed through both input
pins A and B. A pulse on input pin A sets the up
count mode, while a pulse on input pin B (which
has priority on input pin A) sets the down count
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INPUT PIN ASSIGNMENT (Continued)

mode. The counter clock is internally generated
while setting the UDC bit in the TCR register has
no effect in this configuration.

X = don’t care
TOINA (Trigger Up) | 1 X
—>Up Count Mode

TOINB (Trigger Down) M

-
Down Count Mode

VR000193

13.3.12 TxINA = Up/Down - TxINB = I/O

An High (or Low) level of the signal applied on input
pin A sets the counter in the up (or down) count
mode. The counter clock is internally generated.
Setting the UDC bit in the TCR register has no ef-
fect in this configuration.

Down Count
TOINA (UP/DOWN) 5 Count
Internal Counter Clock I I | I | I | I l |

Counter
Decrement

Counter Increment VRO00194

13.3.13 Autodiscrimination Mode

The phase between two pulses (respectively on in-
put pin B and input pin A) generates a one step up
(or down) count, so that the up/down control and
the counter clock are both external. Thus, if the ris-
ing edge of TxINB arrives when TxINA is at level
“0” the timer is incremented (no action if the rising
.edge of TxINB arrives when TxINA is at level “1”).
If the falling edge of TxINB arrives when TxINA is
at level “0” the timer is decremented (no action if
the falling edge of TxINB arrives when TxINA is at
level “17).

‘ S-THOMSO|
/. %a‘:@ﬁ@&@@m@sm@'gs

Setting the UDC bit in the TCR register has no ef-
fect in this configuration.

TOINA I | | l

UP /DOWN
AUTODESCRIMINATOR

TOINB I l I |

T Counter Decrement
Counter Increment
VR000195

13.3.14 TxINA = Trigger - TxINB = Ext. Clock

The signal applied to input pin A acts as a trigger
signal on REGOR register performing the action for
which the register was programmed (i.e. a reload
or capture), while the signal applied to input pin Bis
used as clock for the prescaler.

TOINA (Trigger Input) M

TOINB . (Ext. Counter Clock) M mEn

A count occurs here*
VR000196

(*) The timer is in One shot mode and REGOR in reload mode
13.3.15 TxINA = Ext. Clock - TxINB = Trigger

The signal applied to input pin B acts as a trigger,
performing a capture on REG1R register, while the
signal applied to the input pin A is used as clock for
the prescaler.

13.3.16 TxINA = Trigger - TxINB = Gate

The signal applied to input pin A acts as a trigger
signal on REGOR register performing the action for
which the register was programmed (i.e. a reload
or capture), while the signal applied to input pin B
acts as a gate signal for the internal clock (i.e. the
counter runs only when the gate signal is at a low
level).

109/219
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13.4 OUTPUT PIN ASSIGNMENT

Two external outputs are available for each timer
when programmed as Alternate Function Outputs
of the I/0 pins.

Two registers for every timer, Output A Control
Register (OACR) and Output B Control Register
(OBCR) define the driver for the outputs and the
actions to be performed.

Each of the two output pins can be driven from any
of the three possible sources:

- Compare Register 0 event logic

- Compare Register 1 event logic

- Overflow/Underflow event logic.

Each of these three sources can cause one of the
following four effects on any of the two outputs:

- Nop

- Set

- Reset

- Toggle.

Furthermore an On Chip Event signal can be
driven by two of the three sources: the Over/Un-
derflow event and Compare O event by program-
ming the CEV bit of the OACR register and the
OEV bit of OBCR register respectively. This signal
can be used for another on-chip peripheral or as
strobe for an 1/O port (see Handshake chapter).

Output Waveforms

Configuration where TxOUTA is driven by
Over/Underflow (OUF) and Compare 0 event
flow and Compare 1 event (CM1).

OACR is programmed with TxOUTA preset to “0”,
OUF sets TxOUTA, CMO resets TXOUTA and CM1
does not affect the output.

OBCR is programmed with TxOUTB preset to “0”,
OUF sets TxOUTB, CM1 resets TxOUTB while
CMO does not affect the output.

OACR = [101100%0]
OBCR = [110001X1]
TOOUTA

OUF COMPO QUF COMPO

COMP1 COMP1
T00UTB LI L
OUF OUF
VR000197

Configuration where TxOUTA is driven by
Over/Underflow, Compare 0 and Compare 1, while
TxOUTB is driven by both Compare 0 and Com-
pare 1.

OACR is programmed with TxXOUTA preset to “0”.
OUF toggles the Output 0 as do CMO0 and CM1.
OBCR is programmed with TxOUTB preset to “1”.
OUF does not affect the output while CMO resets
TxOUTB and CM1 sets it.

Depending on the different programmed vaiues of 0ACR = [101100X0]
OACR and OBCR the following example waveforms OBCR = [110001X1] COMPT  COMP1
can be generated on TxXOUTA and TxOUTB pins. To0uTA L L
OUF OUF
COMPO  COMPO
COMP1  COMP1
TOOUTB
COMPO COMPO
VR000198
110/219 [Ny SGS-THOMSON
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OUTPUT PIN ASSIGNMENT (Continued)

Configuration where TxOUTA is driven by
Over/Underflow and Compare 0, while TXOUTB is
driven by Over/Underflow and Compare 1.

OACR is programmed with TxXOUTA preset to “0”.
OUF sets TxOUTA while CMO resets it and CM1
has no affect.

OBCR is programmed with TxOUTB preset to “1”.
OUF toggles TxOUTB, CM1 sets it and CMO0 has
no affect.

O0ACR = [101100X0]
OBCR = [110001X1]
TOOUTA

QUF COMPO OUF COMPO

COMP1 COMP1

toouts” LI L_T 1
OUF QUF

VROOA198

Output Waveform Samples In Biload Mode

TxOUTA is programmed to monitor the two time in-
tervals (11 and t2) of the Biload Mode while
TxOUTB is independent from the Over/Underflow
and is driven by the different values of Compare 0
and Compare 1.

OACR is programmed with TXOUTA preset to “0”.
OUF toggles the output and CM0 and CM1 do not
affect TXOUTA.

OBCR is programmed with TxOUTB preset to “0”.
OUF has no effect, while CM1 resets TxOUTB and
CMO sets it.

Depending on the CM1/CMO values, three differ-
ent example waveforms have been drawn starting
from the above mentioned configuration of OBCR.
In the last case, with a different programmed value -
of OBCR, only Compare 0 drives TxOUTB, tog-
gling the output.

Configuration where TxOUTA is driven by
Over/Underflow and Compare 0, while TXOUTB is
driven by Compare 0 and 1.

OACR is programmed with TxOUTA preset to “1”.
OUF sets TXOUTA, CMO resets it and CM1 has no
affect.

OBCR is programmed with TxOUTB preset to “0".
OUF has no affect, CMO sets TxOUTB and CM1
toggies it.

OACR = [101100X0]
0BCR = [110001x1]
TOOUTA

OUFCOMPQ OUFCOMPO

COMP1 COMP1
ToouTB

COMPO COMPO

VR000205

Ly SGS-
/A mn@%@!?&@m@mn@s

OACR

[111101x0]
1t t2 I

TOOUTA | |

OUF OUF

0BCR

[oo1011X0] .

(G) COMPO < REGO < COMP1 < REGI

COMPO COMP1

b) COMPO < COMP1 < REGD < REG!

TOOUTB (*)4 COMP1 COMP1

COMPO COMPO

c) REGO < COMPO < COMP1 < REG!1
COMP1

o
COMPO

0BCR = [011111X0]

ToouTB_ T 1
COMPO  COMPQ
VR000206

Note (*) Depending on the CMP1R/CMPOR values

OMSON 111/219
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13.5 INTERRUPT AND DMA

13.5.1 Timer Interrupt

The timer has 5 different Interrupt sources,
grouped into 3 independent groups, assigned to
the following Interrupt vectors:

Table 13-3. Timer Interrupt Structure

Interrupt Source Vector Address
COMP 0
COMP 1 xxxx x110
CAPT O
CAPT 1 xxxx x100
Overflow/Underflow xxxx X000

The three least significant bits of the vector pointer
address represent the relative priority assigned to
each group, (000 value is the highest priority level)
and are fixed by hardware depending on the
source which generates the interrupt request. The
5 most significant bits are programmed by the user
in the Interrupt Vector Register (IVR) of each
Timer.

Each source can be masked by a dedicated bit in
the Interrupt/DMA Mask Register (IDMR) of each
timer, as well as a global mask enable bit
(IDMR.7), masking all interrupts.

If an interrupt request (CMO or CPO) happens be-
fore the corresponding pending bit is reset, an
overrun condition occurs. This condition is flagged
in two dedicated overrun bits, concerning the
Comp0 and Capt0 sources, and placed in the
Timer Flag Register (FLAGR).

112/219
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13.5.2 Timer DMA

Two Independent DMA channels, associated to
Compare 0 and Capture 0 sources, respectively al-
low DMA transfers from Register File/Memory to
Comp0 Register and vice versa from Capt0 Regis-
ter to Register File/Memory (also transfers in/from
Memory from/into an 1/O port are available). Their
priority is hardware set as follows:

- Compare 0 Destination Lower Priority
- Capture 0 Source Higher Priority

The two DMA request sources are independently
maskable by two DMA Mask bits, mapped in the
Timer Interrupt/DMA Mask register (IDMR).

The two End of Block procedures, associated to
each Interrupt mask and DMA mask combination,
follow the standard architecture as shown in the In-
terrupt and DMA chapters.

13.5.3 DMA Pointers

The 6 programmable most significant bits of the
Timer Address and Counter Pointer registers
(DAPR-DCPR) are common to both channels
(Comp0 and Capt0 sources). As a consequence,
the CompO and Capt0 Address pointers are
mapped by pair in the Register File, as well as the
Comp0 and Capt0 DMA Counter pair.

The different address specification, in order to
point either Capt0 or Comp0 pointers, is provided
by the Timer according to the channel under serv-
ice (replacing the address bit 1 with “0” for CAPTO
or with “1” for COMPO0), when DO bit on DCPR reg-
ister is equal to zero (Word address in Register
File). In this condition (register with program/data
memory transfer), the pointers will be split in two
groups of adjacent Address pointer and Counter
pairs respectively.

In the case of register to register transfers (se-
lected by programming the value “1” into bit 0 of the
DCPR register), only one pair of pointers are re-
quired and the pointers are mapped into one group
of adjacent positions.

DAPR (the DMA/Address Pointer Register) in this
case in not used, but must be considered reserved.
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INTERRUPT AND DMA (Continued)

Figure 13-4. Map Pointer for
Prog/Data Memory Transfer

Register to

Register File
Comp0 16 bit
Address Addr Pointer
Pointers - YYYYYY11(l)
Capto 16 bit YYYYYY1 O(h)
Addr Pointer
YYYYYYO1(l)
YYYYYY00(h)
Comp0 DMA
16 bit Counter
DMA
Counters XXXXXX11(1)
Capt0 DMA XXXXXX10(h)
16 bit Counter
XXXXXX01(l)
XXXXXX00(h)
Figure 13-5. Map Pointer for Register to Regis-

ter Transfer

Register File
8 bit Counter XXXXXX11
Compare 0
8 bit Addr Pointer XXXXXX10
8 bit Counter XXXXXX01
Capture 0
8 bit Addr Counter XXXXXX00

K7 S ThONE

13.5.4 Priority During The DMA Transactions

Each Timer DMA transaction is a 16-bit operation,
therefore two different bytes must be transferred
subsequently. This is accomplished by two DMA
transfers. In order to speed up each word transfer,
the second byte transfer is executed by forcing
automatically the peripheral priority to the highest
level (000) regardless to the previous set level. It
will be then restored to the original value after exe-
cuting this transfer. Furthermore, once one request
is being served, its hardware priority is kept at the
highest level regardless to the other Timer internal
sources, i.e. once a CompO request is being
served, it keeps a higher priority on the CaptO
channel, even if a Capt0 request occurs between
the two byte transfers.

13.5.5 The DMA Swap Mode

After a complete data table transfer, the transac-
tion counter is reset and an End Of Block condition
occurs, the block transfer is completed.

The End Of Block Interrupt routine has at this point
to reload both address and counter pointers of the
channel referred by the End Of Block interrupt
source if the application requires a continuous high
speed data flow. This procedure causes speed
limitations because of the time consumed by the
reload routine.

The SWAP feature overcomes this drawback, al-
lowing high speed continuous transfers. Bit 2 of the
Timer Address and Counter Pointer registers
(DAPR-DCPR), toggles after any End Of Block
condition, alternately providing odd and even ad-
dress (D2-D7) for the pair of pointers, thus pointing
to an updated pair, after a block has been com-
pletely transferred. This allows the User to be up-
dating or reading the first block, and to update the
pointer values while the second is being trans-
ferred. These two toggle bits are software writable
and readable, mapped in DCPR bit 2 for the CM0
channel, and in DAPR bit 2 for the CPO channel
(though a DMA event on a channel, in Swap mode,
modifies a field in DAPR and DCPR common to
both channels, the DAPR/DCPR content used in
the transfer is always the bit related to the correct
channel).

The SWAP mode can be enabled by a control bit
placed in the Interrupt Control Register.

WARNING: this mode is always set for both chan-
nel (CM0 and CPO).
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INTERRUPT AND DMA (Continued)

13.5.6 The DMA End Of Block Interrupt Routine

This Interrupt request is generated after each block
transfer (EOB) and its priority is the same as as-
signed in the usual Interrupt request, for the two
channels. As a consequence, they will be served
only when no DMA request occurs, and will be sub-
mitted to a possible OUF Interrupt request, which
has higher priority.

Here is a typical EOB procedure (with swap mode
enabled):

- Toggie bit test and Jump.

- Pointers (odd or even depending on toggle bit
status) reload.

- Reset EOB bit: this bit must be reset only after
the old couple of pointers has been restored,
so that, if a new EOB condition occurs, the
next pointers are ready to be swapped.

- Verify the software protection condition.

- Read the corresponding Overrun bit: this
makes the user sure that NO DMA request has
been lost in the meantime.

- Return.

WARNING: The EOB bits are read/write bits only

for testing reasons. Writing a logical “1” by soft-
ware /whnn SWEN bit is set) will cause a cmmnuc

lnterrupt request. During normal operatlon these
bits must only be reset by software.

13.5.7 DMA Software Protection

A second EOB condition may occur before the first
EOB routine is completed, this would cause a not
yet updated pointer couple to be addressed, with
consequent overwriting of memory. To prevent
these errors, a protection mechanism is provided,
such that the attempted setting of the EOB bit be-
fore it has been reset by software will cause the
DMA mask on that channel to be reset (DMA dis-
abled), locking any further DMA operation. As
shown above, this mask bit should always be
checked in each EOB routine, to ensure all DMA
transfers are properly served.

114/219
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13.6 TIMER DMA EXTERNAL MODES ON I/O
PORTS

Each Timer DMA channel can also be employed in
external transfers to/from memory from/to an /O
port. In this case only Byte transfers are executed for
any request. Two control bits (DCTS and DCTD) in
the Interrupt/DMA Control Register (IDCR) set each
channel in INT/EXT (Internal = Register to Mem-
ory/External = Memory to/from I/O ports) mode.

The relevant I/0O port must then be programmed in
DMA mode and the right direction of the port cho-
sen by the HDCxR register of that port (see Hand-
shake chapter).

The two modes, however, are not the same for both
channels as explained in the following section.

13.6.1 CMO Channel External Mode

This mode is enabled when DCTD (DMA Compare
Transaction Destination) bit is equal to “1” in the
IDCR register.

This mode allows only Output transfers, from Reg-
ister File/memory to the I/O port, under a request
caused by a CMO event or a software request (writ-
ing “1” in the CMO flag). An application for this is a
data flow under DMA to be output at fixed times.

The synchronization with the 1/O port is accom-
plished by an internal signal, active when the data
to be transfered is present on the internal Data
Bus. If programmed, the on-chip event pulse can
also be generated and used to strobe the output
data on the selected handshake port.

In either case the DMA Output mode must be se-
lected in the HDCTL Register of the port (see
Handshake chapter).

13.6.2 CPO Channel In External Mode

This mode is enabled when DCTS (DMA Capture
Transaction Source) bit is equal to “1” in the IDCR
register.

This mode allows bi-directional transfers controlled
(when the 1/O port is programmed in DMA In-
put/Output mode in the HDCTL register) by the
value of the DD bit of the HDCTL register (the DD
bit selects the DMA input or DMA Output mode).

The DMA request can be either an External CPTO
request (Timer External input A) or a software re-
quest (by writing “1” in the CPO Flag).

This, along with a further internal synchronization sig-
nal, generated by the Timer Unit, allows handshake
operations managed by the I/O port while the direction
of the data to read or write on the I/O port is fixed by the
value of the DD bit in the HDCTL register.

« MICROELECTRONICS
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MODES ON I/0 PORTS (Continued)

13.6.3 DMA Channel Synchronization

A CPO DMA request can be generated also by a
CMO event, simply by setting the Timer External In-
put A on rising and falling edges sensitive, con-
necting it by hardware or software (though the
IOCR register) to the Timer OUT 0, and program-
ming the CMO action as output toggle.

This will cause a CP0 request to be generated after

each CMO condition, thus synchronizing the 2
DMA channels (see the following application ex-
ample).

The DCTS bit must be set and DCTD bit must be
reset in the IDCR register. Figure 13-6 shows an
example of two channel synchronisation. A new
byte will be sent out through the I/O port at an inter-
val specified by the COMPO value mapped in the
look-up table.

Figure 13-6. Timer DMA Channels Synchronization

RF /PM. /DM.
~ [ NOTE: THE 1/0 PORT DIRECTION
DMA TRANSFER |6 % F——+ IS FIXED BY THE DD BIT
f o= IN THE HDCTL REGISTER
DMA [l ramm——
TABLE N M
INT & DMA
PATTERN TABLE
— —
INPUT EDGE
DETECTOR
ON-CHIP
] EVENT
1/0
CONNECTION
(SOF TWARE) CAPTURE O REGISTER
16 BIT COUNTER
TOGGLE COMPARE O REGISTER
OUTPUT
RE /M. /OM. IDCR.DCTS=1 : CAPTURE DMA IN PORT MODE
IDCR.DCTD=0 : COMPARE DMA IN NORMAL MODE
] INT & DMA HDCTL.DST=0 : NORMAL STROBE (M2ST3)
}
DMA DMA TRANSFER
TABLE
TIME TABLE
VR000450
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13.7 REGISTER DESCRIPTION

Twenty control and data registers are associated
to each Multifunction timer, and are located in the
Group F 1/O pages of the ST9 Register Fiie.

The registers of the Multifunction Timers are lo-
cated in the 1/O pages as follows:

Note that unused registers must be regarded as re-
served registers.

In the following pages there is a detailed description
of every register with the meaning and the function of
every bit. The register is referred without the abso-
lute address which is depending on the number of
the timer used (of course the configuration and the
functions of the internal bits ofi.e. TCR - TIMO are the

same of TCR - TIM1 and so on.

Table 13-4. Multifunction Timer Register Map

R255 IMDR - TIMO FF IMDR - TIM1
R254 FLAGR - TIMO FE FLAGR - TIM1
R253 OBCR - TIMO FD OBCR - TIM{1
R252 OACR - TIMO FC OACR - TIM1
R251 PRSR - TIMO FB PRSR - TIM1
R250 ICR - TIMO FA ICR - TIM1
R249 TMR - TIMO F9 TMR - TIM1
R248 TCR - TIMO F8 IOCR TCR - TIM1
R247 CMP1LR - TIMO F7 IDCR - TIM1 CMP1LR - TIM1
R246 CMP1HR - TIMO F6 IVR - TIM1 CMP1HR - TIM1
R245 CMPOLR - TIMO F5 DAPR - TIM1 CMPOLR - TIM1
R244 CMPOHR - TIMO F4 DCPR - TIM1 CMPOHR - TIM1
R243 REG1LR - TIMO F3 IDCR - TIMO REGI1LR - TIM1
R242 REG1HR - TIMO F2 IVR - TIMO REG1HR - TIM1
R241 REGOLR - TIMO F1 DAPR - TIMO REGOLR - TIM1
R240 REGOHR - TIMO FO DCPR - TIMO REGOHR - TIM1

Page 10 (0Ah) Page 9 (09h) Page 8 (08h)
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)

13.7.1 Register 0 (REGOR) Registers

This pair of registers (REGOLR and REGOHR) is
used to capture values from the U/D counter or to
load preset values into the U/D counter.

REGOHR R240 (FOh) Read/Write
Capture Load Register 0 (High)

Reset value: undefined
7 0

13.7.3 Compare 0 (CMPOR) Registers

This pair of Registers (CMPOL and CMPOH) is
used to store 16-bit values to be compared to the
U/D counter content.

CMPOHR R244 (F4h) Read/Write
Compare 0 Register (High)

Reset value: undefined
7

LR15[R14‘R13’R12’R11]H10’FE!RS‘

0
‘R15’R14‘R13’R12[R11‘R10’ FBTRS—‘

REGOLR R241 (F1h) Read/Write
Capture Load Register 0 (Low)

Reset value: undefined
7 0

CMPOLR R245 (F5h) Read/Write
Compare 0 Register (Low)

Reset value: undefined
0

(wlemlmmre|a|m]

s [m [~ [=[= =]

13.7.2 Register 1 (REG1R) Registers

This pair of registers (REG1LR and REG1HR) is
used (as REGOR) to capture values from the U/D
counter or to load preset values into the U/D counter.

REG1HR R242 (F2h) Read/Write
Capture Load Register 1 (High)

Reset value: undefined
7 0

13.7.4 Compare 1 (CMP1R) Registers

This pair of Registers (CMP1L and CMP1H) is
used (as CMPOR) to store 16-bit values to be com-
pared to the U/D counter content.

CMP1HR R246 (F6h) Read/Write
Compare 1 Register (High)

Reset value: undefined
7 0

'R15'R14|R13]R12|R11'R10|FE RSJ

!;R15[ R14T R13 R12| R11 ' R1OT R9 I R8 ;

REG1LR R243 (F3h) Read/Write
Capture Load Register 1 (Low)

Reset value: undefined
7 0

CMP1LR R247 (F7h) Read/Write
Compare 1 Register (Low)

Reset value: undefined

[rle|m]m|w]r|wm|m]

[w[wle[=[=[=]n]x]
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)
13.7.5 Timer Control Register (TCR)

This register is used to control the status of the

1S TOYISWTT uscu

timer.

TCR R248 (F8h) Read/Write
Timer Control Register

Reset value: 0000 0xxxb
7 0

13.7.6 Timer Mode Register (TMR)

This register is used to select the operating mode
of the timer.

TMR R249 (F9h) Read/Write
Timer Mode Register

Reset value: 0000 0000b (00h)
7 0

om}ocm}wna} w}uoc‘uncswl o,col cs %

{oa!oeo‘am‘mm!m@is:x REN!CO!

b7 = CEN: Counter Enable. This bit is ANDed with
the Global Counter Enable bit (GCEN bit on R230
- Central Interrupt Control Register; the GCEN bit
is set after the Reset cycle). Setting the CEN bit
starts the counter and prescaler (without reload).
When this bit is reset, the counter and prescaler
stop.

b6 = CCPO: Clear on Capture. When this bit is set,
a clear of the counter and a reload of the prescaler
are performed on REGOR or REG1R capture. No
effect when this bit is reset.

b5 = CCMPO: Clear on Compare. When this bit is
set, a clear of the counter and a reload of the pres-
caler are performed on CMPOR compare. No ef-
fect when this bit is reset.

b4 = CCL: Counter clear. When this bit is set, the
counter is cleared without generation of interrupt
request. No effect when this bit is reset.

b3 = UDC: Software Up/Down. When the direction
of the counter is not fixed by TxINA and/or TxINB
(see par. 10.3) it can be software controlled by the
UDC bit. Setting the UDC bit selects the Up mode
counting. Resetting this bit the Down counting is
performed.

b2 = UDCS: Up/Down Count status. This bit is read
only and monitors the direction of the counter.
Reading “1” means that the counter is using the Up
mode counting. Reading “0” means that the Down
mode counting is in use.

b1 = OF0: OVF/UNF state. This bitis read only and
is set if an Overflow or an Underflow occurs during
a Capture on Register 0.

b0 = CS: Counter Status. This bit is read only and
monitors the status of the counter. Reading “1”
means that the counter is running. Reading “0” in-
dicates that the counter is halted.

118/219
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b7 = OE1: Output 1 Enable. Setting this bit enables
the Output 1 (TxOUTB) of the relevant timer. When
this bit is reset, the TxOUTB is disabled and forced
to the logic state “1”. The relevant I/O bit must also
be set to Alternate Function.

b6 = OEO: Output 0 Enable. Setting this bit enables
the Output 0 (TxOUTA) of the relevant timer. When
this bit is reset, the TXOUTA is disabled and forced
to the logic state “1”. The relevant I/O bit must also
be set to Alternate Function.

b5 = BM: Bivalue Mode. This bit enables the Bi-
value mode when is set. When the bit is reset, the
Bivalue mode is disabled. After that, depending on
the value of RMO bit (TMR - bit 3), the Biload or Bi-
capture mode is selected.

b4 = RM1: REG1R mode. When this bit is set, the
REG1R can be used to capture the value of the
counter. When the bit is reset, the REG1R moni-
tors the value of the counter. The selection per-
formed by this bit has no effect when the Bivalue
Mode is enabled.

b3 = RM0: REGOR mode. When this bit is set, the
REGOR can be used to capture the value of the
counter (also the Bicapture mode can be selected
if the BM bit is equal to 1). When the bit is reset, the
REGOR can be used to load the new value of the
counter (also the Biload mode can be selected if
the BM bit is equal to “1”).

b2 = ECK: Timer clocking mode. This bit selects
the clock source which drives the prescaler. When
the ECK bit is reset, either the Internal or External
clock is used depending on INO - IN3 configuration
in ICR. When ECK bit is set, different functions are
performed depending on the number of the rele-
vant timer. For odd timers (Timer 1, Timer 3 and so
on) setting the ECK bit enables the Parallel mode
where the prescaler of the odd timer is driven by
the prescaler output of the even timer.




ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)

b1 = REN: Retrigger mode. When this bit is reset,
the Retriggerable mode is enabled. When the bit is
set, this operating mode is disabled.

b0 = CO: Continous/One shot mode. When this bit
is reset, the Continuous mode is selected (with
autoreload on condition). The bit must be set to se-
lect the one shot mode. The following table sum-
marizes the different operating modes depending
on the values of RM0, RM1 and BM bits.

13.7.7 External Input Control Register(ICR)

By this register it is possible to program the func-
tion and the operation to be performed on TxINA
and TxINB inputs.

ICR R250 (FAh) Read/Write
External Input Control Register

Reset value: 0000 xxxxb (0Xh)

7 0
Table 13-5. Timer Operating Modes ' NG l e ‘ Nt | N ‘ 20 ‘ Al l B0 [ B1 '
TMR Bits ) . b7-b4 = IN3,IN2,IN1,INO: Input pin assignment.
BM ] RM1 RMO Timer Operating Modes The different functions of TxINA and TxINB inputs
of every timer can be selected by INO - IN3 bits as
1 X 0 Biload mode explained below.
) b3-b2 = A0, A1: TxINA event programming. The
1 X 1 Bicapture mode following TxINA configurations can be selected ac-
Load from REGOR and cording to the values of A0 and A1 bits:
0 0 0 Monitor on REG1R b1-b0 = BO, B1: TxINB event programming. The
following TxINB configurations can be selected ac-
0 1 o | Loadfrom REGOR and cording to the values of BO and B1 bits:
Capture on REG1R
Capture on REGOR and A0/BO A1/B1 TxINA/TxINB Configuration
0 0 ' | Monitor on REG1R )
0 0 No operation
Capture on REGOR and 0 1 Falling edge sensitive
0 1 1 REG1R 1 0 Rising edge sensitive
1 1 Rising and falling edges
1C Reg. TxINA Input TxINB Input
IN3-INO bits Function Function
0000 not used not used
0001 not used Trigger
0010 not used
0011 Trigger
0100 not used Ext. Clock
0101 Trigger not used
0110 Ext. Clock
0111 Trigger Trigger
1000 Clock Up Clock Down
1001 Up/Down Ext. Clock
1010 Trigger Up Trigger Down
1011 Up/Down not used
1100 Autodiscr. Autodiscr.
1101 Trigger Ext. Clock
1110 Ext. Clock Trigger
1111 Trigger Gate

‘ﬂ SGS-THOMSON
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)

13.7.8 Prescaler Register (PRSR)
This register holds the preset value for the 8-bit

prescaler. The PRSR content may be modified at
any time, but it will be loaded into the prescaler at
the following prescaler underflow, or as a conse-
quence of a counter reload (either by software or
upon external request). On an external RESET
condition, the prescaler is automatically loaded
with the 00h value, so that the prescaler divides by
1 and the maximum counter clock is generated

DIV2 bit is set).

PRSR R251 (FBh) Read/Write
Prescaler Register
Reset value: 0000 0000b (00h)

7 0

[rlrlm]w][m]r|a]n]

The binary value stored (by programmer) in the
PRSR register is equal to [divider value - 1]. For ex-
ample, loading PRSR with 24 makes the prescaler
divide by 25.

120/219
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13.7.9 Output A Control Register (OACR)

This reqister selects the sources that can perform
actions on a TxOUTA pin. TxOUTA can be driven
from any of three possible sources:

- OVF/UNF being an Overflow or Underflow
event on the U/D counter,

- COMPO being a successful compare event on
CMPOR register, and

_ COMP1 being a successful compare event on
CMP1R.

By programming bits BO and B1 of the relevant

source can cause one of the following four effects
on TxOUTA (which can be preset previously):

BO B1 Event
0 0 Set
0 1 Toggle
1 0 Reset
1 1 Nop

Note: In any case of contemporary events the action will be taken
which results from 'ANDing’ the B1-BO fields. Through this register
the action of COMPO on the on-chip event can be also selected.

OACR R252 (FCh) Read/Write
Output A Control Register

Reset value: xxxx xxOxb
7 0

[0 [ e [ oo o [ o[ |cev] or]

< COMPO > < COMP1 > < OVF/UNF >

b7-b6 = BO, B1: Control bits of COMPO. Control
bits for event driven by COMPO.

b5-b4 = BO, B1: Control bits of COMP1. Control
bits for event driven by COMP1.

b3-b2 = B0, B1: Control bits of OVF/UNF. Control
bits for event driven by OVF/UNF.

b1 = CEV: On-Chip Event on CMPOR. When this
bit is set, a successful compare on CMPOR acti-
vates the on-chip event signal (a single pulse is
generated). No action when this bit is reset.

b0 = OP: Control bit of TXOUTA preset. The value
of this bit is the preset value of TXOUTA output pin.
Reading this bit returns the current state of the
TxOUTA output pin (i.e. useful when this output is
selected in toggle mode).

SON
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)

13.7.10 Output B Control Register (OBCR)

This register selects the sources that can perform

actions on TxOUTB output pin. TXOUTB can be

driven from any of three possible sources:

- OVF/UNF being an Overflow or Underflow
event on the U/D counter,

- COMPO being a successful compare event on
CMPOR register, and

- COMP1 being a successful compare event on
CMP1R.

By programming bits BO and B1 of the relevant

source can cause one of the following four effects
on TxOUTB (which can be previously preset):

BO B1 Event
0 0 Set
0 1 Toggle
1 0 Reset
1 1 Nop

Note: In any case of contemporary events the action will be taken
which results from 'ANDing’ the B1-BO fields. Through this register
the action of Overflow/Underflow on the on-chip event can be also
selected.

OBCR R253 (FDh) Read/Write
Output B Control Register
Reset value: xxxx xx0xb
7 0

(oo o o [o]o]=]o]

< COMPO > < COMP1 > < OVF/UNF >

b7-b6 = BO, B1: control bits of COMPQ. Control
bits for event driven by COMPO.

b5-b4 = BO, B1: control bits of COMP1. Control
bits for event driven by COMP1.

b3-b2 = BO, B1: control bits of OVF/UNF. Control
bits for event driven by OVF/UNF.

b1 = OEV: On-Chip Event on OVF/UNF. When this
bit is set, a successful Overflow/Underflow acti-
vates the on-chip event signal (a single pulse is
generated). No action when this bit is reset.

b0 = OP: control bit of TXOUTB preset. The value
of this bit is the preset value of TxOUTB output pin.
Reading this bit, it returns the current state of the
TxOUTB output pin (i.e. useful when this output is
selected in toggle mode).

[‘77 SGS-THOMSON
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13.7.11 Flag Register (FLAGR)

This register contains the flags of the successful
captures or comparisons together with the Over-
flow/Underflow and overrunning indications. Also
the mode of the Interrupt on capture can be se-
lected. By writing into the capture flags it is possi-
ble to generate software captures. It is necessary
to clear the capture flag before subsequent
sofware captures can be generated. By reading
this register, user can know which source has gen-
erated an interrupt (several sources may share the
same interrupt vector).

FLAGR R254 (FEh) Read/Write
Flags Register

Reset value: 0000 0000b (00h)
7 0

[ o [ow [ an | aur [ocro o] |

b7 = CPO: Flag on Capture 0. This bit is set after a
capture on REGOR register. Writing “1” acts as a
software load/capture from/on REGOR.

b6 = CP1: Flag on Capture 1. This bit is set after a
capture on REG1R register. Writing “1” acts as a
software capture on REG1R, except when in Bi-

canture mode

capiure mogce.

b5 = CMO: Flag on Compare 0. This bit is set after
a successful compare on CMPOR register.

b4 = CM1: Flag on Compare 1. This bit is set after
a successful compare on CMP1R register.

b3 = OUF: Flag on Overflow/Underflow. This bit is
set after a counter Over/Underflow condition.

b2 = OCPO: Flag of overrun on Capture 0. This bit
is set when more than one INT/DMA request oc-
curs before having reset the event flag CPO or
whenever a capture is software simulated.

b1 = OCMO: Flag of overrun on Compare 0. This
bit is set when more than one INT/DMA request oc-
curs before having reset the event flag CMO.

b0 = AO: Capture Interrupt Function. When this bit
is set the Interrupt is generated by an AND function

. of REGOR/REG1R captures while when the A0 bit

is reset, the Interrupt is generated by an OR func-
tion of REGOR/REG1R captures.

121/219
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)

13.7.12 Interrupt/DMA Mask Register (IDMR)

This register contains the Global Timer Interrupt
enable bit and the INT/DMA enable bits of the fol-
lowing events:

- Capture on REGOR (CPO field),

- Capture on REG1R (CP1l bit - only Interrupt
mask),

- Compare on CMPOR (CMO field),

- Compare on CMP1R (CM1l bit- only Interrupt
mackl anAd
Illabf\’, aliu

- Overflow/Underflow (OUl bit - only Interrupt
mask).

IDMR R255 (FFh) Read/Write
Interrupt/DMA Mask Register

Reset value: 0000 0000b (00h)
7 0

IGTIB\JICPODICPOI‘CPH CMJD[CMJI [eVil] OUII

< CP0O ><CPi>< CMO ><CMi1>

b7 = GTIEN: Global Timer Interrupt Enable. When
this bit is set, all the Interrupts (of the enabled
sources) of the timer are enabled. When the bit is
reset, all the Interrupts of timer are disabled.

b6 = CPOD: Capture 0 DMA Mask. Capture on
REGOR DMA is enabled when CPOD =*“1.”

b5 = CPOI: Capture 0 Interrupt Mask. Capture on
REGOR interrupt is enabled when CPOI = “1”.

b4 = CP1l: Capture 1 Interrupt Mask. Capture on
REG1R interrupt is enabled when CP1l =*“1".

b3 = CMOD: Compare 0 DMA Mask. Compare on
CMPOR DMA is enabled when CMOD = *1".

b3 = CMOI: Compare 0 Interrupt Mask. Compare
on CMPOR interrupt is enabled when CMOI = “1”.

b1 = CM1l: Compare 1 Interrupt Mask. Compare
on CMP1R interrupt is enabled when CM1[ = 1"

b0 = OUI: Overflow/Underflow Interrupt Mask.
Overflow/Underflow condition interrupt is enabled
when OUI = “1”.

Note. The following Registers show in square
brackets ([ ]) the Register address in the case of an
odd numbered (1, 3, 5...) Multifunction Timer being
available on-chip. If only one Timer is present
these addresses may be ignored.

122/219

13.7.13 DMA Counter Pointer Register (DCPR)

This register is not used only as DMA Counter
pointer but also to define the DMA area and the
DMA source.

DCPR R240 (FOh)[R244 (F4h)] Read/Write
DMA Counter Pointer Register

Reset value: undefined

E' SGS-THOMSON

0
b7 D6 b5 D4 D3 D2 | DMA | REG
SRCE| MEM

b7-b2 = D7-D2: MSB of DMA counter register ad-
dress. Those bits contain the most significant bits
of the DMA counter register address and are user
programmable. Though user programmable, the
D2 bit may be hardware toggled if the Swap mode
is set for the Timer DMA section related to Com-
pare 0 channel.

b1 = DMA-SRCE: DMA source selection (hard-
ware programmed). This bit is hardware fixed by
the Timer DMA logic and is set if the DMA destina-
tion is a Compare on CMPOR register and reset if
the DMA source is a Capture on REGOR register.

b0 = REG/MEM: DMA area selection. When this bit
is set, it selects the Source/Destination of the DMA
area from/into Register File while when it is reset,
the Source/Destination of the DMA area is from/to
the External Program or Data Memory (according

with the value of DO bit in DAPR).

» MICROELECTRONIC
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ST9 - Multifunction Timer

REGISTER DESCRIPTION (Continued)
13.7.14 DMA Address Pointer Register
(DAPR)

This register is not used only as DMA Address
pointer but also to define the DMA area and the
DMA source.

DAPR R241 (F1h)[R245 (F5h)] Read/Write
DMA Address Pointer Register

Reset value: undefined

7 0
D7 D6 D5 D4 D3 D2 | DVA | PRGY
SRCE| DAT

b7-b2 = D7-D2: MSB of DMA Address register lo-
cation. Those bits contain the most significant bits
of the DMA Address register location and are user
programmable. Through user programmable, the
bit D2 may be hardware toggled if the Swap mode
is set for the Timer DMA section related to Capture
0 channel.

b1 = DMA-SRCE: DMA source selection (hard-
ware programmed). This bit is hardware fixed by
the Timer DMA logic and is set if the DMA destina-
tion is a Compare on CMPOR register and reset if
the DMA source is a Capture on REGOR register.

b0 = PRG/DAT: DMA memory selection. When
this bit is set it selects the Source/Destination of
the DMA area from/into Data Memory while when it
is reset the Source/Destination of the DMA area is
from/into the External Program Memory (according
with the value of DO bit in DCPR).

13.7.15 Interrupt Vector Register (IVR)

This register is used as a vector pointing to the 16-
bit interrupt vectors in the program memory which
contain the starting addresses of the three inter-
rupt subroutines managed by every timer.

Only one Interrupt Vector Register is available for
every timer and is able to manage the three inter-
rupt groups because the 3 least significant bits are
fixed by hardware depending on the group which
generated the interrupt request.

In order to understand which request generated
the interrupt inside the same group, the FLAGR
register can be used to check the relevant flag of
the interrupt source.

IVR R242 (F2h) [R246 (F6h)] Read/Write
Interrupt Vector Register

Reset value: xxxx xxx0b
7 0

(v [wlefv]w]m[wlo]

b7-b3 = V4 - VO: MSB of the Vector address.
These bits are user programmable and contain the
five most significant bits of the Timer interrupt vec-
tor addresses in the program memory. In any case,
an 8-bit address can be used to indicate the Timer
interrupt vector locations because they are within
the first 256 locations of the program memory (see
Interrupt and DMA chapters).

b2-b1 = W1 - WO: Vector Address bits. These bits
are equivalent to bit 1 and bit 2 of the Timer inter-

i rupt vector addresses in the program memory.
REG.MEM | PRG/DAT | DMA Source/Destination They are fixed by hardware depending on the
Y y | Iing
0 0 Program memory group of sources which generated the interrupt re-
0 1 Datg memory quest as follows:
1 0 Register file b0 = DO. This bit is fixed by hardware. It always re-
1 1 Register file turns the value “0” if read.
w1 wo Interrupt Source
0 0 Overflow/Underflow even interrupts
o] 1 Not available
1 0 Capture event interrupts
1 1 Compare event interrupts
[y SGS-THOMSON 123/219
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REGISTER DESCRIPTION (Continued)

13.7.16 Interrupt/DMA Control Register (IDCR)

This register is used to control the Interrupt and
DMA priority level, the DMA transfer source and
destination and the Swap mode. This register con-
tains also the two End Of Block bits.

IDCR R243 (F3h)[R247 (F7h)] Read/Write
Interrupt/DMA Control Register

Reset value: 1100 0111b (C7h)
7 0

[ [ [os] oo ne [ o]

b7 = CPE: Capture 0 EOB. This bit is set by hard-
ware when the End Of Block condition is reached
during a Capture 0 DMA operation with the Swap
mode enabled. When the Swap mode is disabled
(SWEN bit = “0”) the CPE bit is forced by hardware
to “1”.

b6 = CME: Compare 0 EOB. This bit is set by hard-
ware when the End Of Block condition is reached
during a Compare 0 DMA operation with the Swap
mode enabled. When the Swap mode is disabled
(SWEN bit = “0”) the CME bit is forced by hardware
to “1”.

b5 = DCTS: DMA Capture Transfer Source. This
bit selects the source of the DMA operation related
to the channel associated to the Capture 0. When
the DCTS bit is reset the selected source is the
REGOR register. When the DCTS bit is set the ST9
port is selected as DMA transfer source (with this
DMA channel the ST9 port can also be destination
depending on the value of the DD bit in the HDCTL
register of the port - see I/O port chapter 9).

b4 = DCTD: DMA Compare Transfer Destination.
This bit selects the destination of the DMA opera-
tion related to the channel associated to the Com-
pare 0. When this bit is reset, the selected
destination is the CMPOR register. When the bit is
set, the ST9 port is selected as DMA transfer des-
tination.

b3 = SWEN: Swap function Enable. When this bit
is set, the Swap function is enabled for the two
DMA channels. Resetting the SWEN bit disables
the Swap mode.

b2-b0 = PL2 to PLO: Interrupt/DMA priority level.
With these three bits it is possible to select the In-
terrupt and DMA priority level of every single timer
within eight different levels (see Interrupt/DMA
chapter).
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13.7.17 /0 Connection Register (IOCR)

This register allows user to select (or not) an on-
chip connection between input A and output A of
one same timer.

IOCR R248 (F8h) Read/Write
1/0 Connection Register

Reset value: 1111 1100b (FCh)
7 0

T ] ]
ISC1|SQ)|

&y 5552

b7-b2 = not used.

b1 = SC1: Select Connection Odd. SC1 selects if
connection between TxOUTA and TxINA for ODD
timers is made on-chip or externally (physically on
pins)

SC1 =“0": TxOUTA and TxINA unconnected

SC1 = “1”: TxOUTA and TxINA connected inter-
nally

b0 = SCO: Select Connection Even. SCO selects if
connection between TxOUTA and TxINA for EVEN
timers is made on-chip or externally (physically on
pins)

SC0=“0": TxOUTA and TxINA unconnected
SCO0="1": TxOUTA and TxINA connected internally

MSON
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ST9 - Serial Communication Interface

14 SERIAL COMMUNICATIONS INTERFACE

14.1 INTRODUCTION

The ST9 Serial Communications Interface (SCI)
offers a means of full-duplex serial data transfer to
a wide range of external equipments.

The SCI has the following features:

Full duplex character-oriented synchronous
and asynchronous operation

Synchronous serial port expansion capability
Transmit, receive, line status, and device ad-
dress interrupt generation

Integral Baud Rate Generator capable of%ividing
the input clock by any value from 2 to 2'°-1 (16

bit word) and generating the internal 16X clock
for asynchronous operation or 1X clock for syn-

- 5,6, 7, or 8 bit word length

- Even, odd, or no parity generation and detection
-1,1-1/2, 2, 2-1/2 stop bit generation

- False start bit detection

- Complete status reporting capabilities

- Line break generation and detection

Programmable address indication bit (wake-up
bit) and User invisible compare logic to support
network communication of multiple microcom-
puters. Optional character search function.

Internal diagnostic capabilities:

- Local loopback for communications link fault
isolation

- Auto-echo for communications link fault isolation

chronous operation Separate interrupt/DMA channels for both
- Fully programmable serial-interface charac- transmit and receive
teristics:
Figure 14-1. SCI Block Diagram
Z ST9 CORE BUS
DMA DMA
CONTROLLER CONTROLLER
TRANSMIT ADDRESS RECEIVER
BUFFER COMPARE BUFFER
REGISTER REGISTER REGISTER
TRANSMIT FRAME CONTROL| RECEIVER
SHIFT d SHIFT
REGISTER STATUS REGISTER
CLOCK and
BAUD RATE —
GENERATOR
ALTERNATE
FUNCTION
—0 L 0 0
SOuT TXCLK /CLKOUT RXCLK SIN
VA00169
02-93 125/219
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14.2 FUNCTIONAL DESCRIPTION

SCl can run in three operational modes:
- Asynchronous mode

- Synchronous mode

- Serial expansion mode

Each of these three modes output data with the
same serial frame format. The differences are de-
rived from the clock rate (1X, 16X) and the sam-
pling clock (for the serial expansion mode).

Asynchronous Mode

in this mode, data and clock can be asynchronous
(the emitter and receiver can have their own clock
to sample received data), each data bit is sampled
16 times per clock period. Thus the baud rate clock
should be set to the +16 Mode and the frequency of
the clock input (from an external source or the in-
ternal baud-rate generator output) set to suit this.

Synchronous Mode

In this mode, data and clock are synchronous,
each data bit is sampled once per clock period.

Serial Expansion Mode

This mode is used to access to an external syn-
chronous peripheral.

The transmitter will provide the clock waveform
only during the period that data is being transmit-
ted through CLKOUT pin (the Data Envelope). The
data is latched on the rising edge of this clock.

Whenever the SCl is to receive data in the serial
port expansion mode, the clock waveform must be
supplied externally, synchronous with the data to
the ST9. The SCI will latch the incoming data on
the rising edge of the receiver I/O expansion clock.
The clock input is supplied on pin RXCLK.

14.2.1 Serial Frame Format

Figure 14-3. Asynchronous mode
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ST9 - Serial Communication Interface

FUNCTIONAL DESCRIPTION (Continued)

Every character sent (or received) by the SCI has
the following format:

This format is used by the SCl in all modes:

START: the start bit indicates the beginning of a
data frame in the asynchronous mode. START bit
is detected as a high to low transition

DATA: the DATA word is programmable to be from
5 to 8 bits long for both synchronous and asynchro-
nous modes

PARITY: The Parity Bit is optional, and can be
used with any length of word. It is used for error
checking and resets in a resultant state (odd or
even) depending on number of “1”s in DATA.

ADDRESS/9TH: The Address/9th Bit is optional
and may be added to any word format. It is used in
both synchronous or asynchronous mode to indi-
cate that the data is an address (bit = “1”).

The ADDRESS/9TH bit is useful when several mi-
crocontrollers are exchanging data on the same
serial bus. Individual microcontrollers can stay idle
on the serial bus, waiting for a transmitted address.
When a microcontroller recognizes its own ad-
dress, it can begin Data Reception, likewise, on the
transmit side, the microcontroller can transmit an-
other address to begin communication with a dif-
ferent microcontroller.

The ADDRESS/9TH bit can be used as an addi-
tional data bit or to mark control words (9th bit).

STOP: Indicates the end of a data frame for both
asynchronous and synchronous modes. The stop
bit is programmed to be 1, 1.5, 2, or 2.5 bits long. It
returns the SClI to the quiescent marking state (i.e.,
a constant high-state condition) which lasts until a
new start bit indicates an incoming word.

Figure 14-6. SCI Character Format

Data transfer

Data to be transmitted by the SCl is first loaded by
the program into the Transmitter Buffer Register.
The SCI will transfer the data into the Transmitter
Shift Register when the Shift Register becomes
available (empty). The Transmitter Shift Register
converts the parallel data into the serial format for
transmission through the SCI Alternate Function
output, Serial Data Out. After the completion of the
transfer, the transmitter buffer register interrupt
pending bit will be updated.

If the selected word format is less than 8 bits, the
unused most significant bits are “don’t care”.

Incoming serial data from the Serial Data Input pin is
converted into parallel data for reception in the Re-
ceiver Shift Register. At the end of the input, the data .
portion of the received word is transferred from the
Receiver Shift Register into the Receiver Buffer Reg-
ister. All Receiver interrupt conditions are updated at
the time of transfer.

If the selected character format is less than 8 bits, the
unused most significant bits will have the value “1”.

The Frame Control and Status block creates and
checks the character configuration (Data length
and stop bits), and the source for the transmit-
ter/receiver clock.

The integral Baud Rate Generator contains a pro-
grammable divide by “N” counter which can be
used to generate the clocks for the transmitter
and/or receiver. The baud rate generator can use
INTCLK or the Receiver clock input RXCLK.

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

START DATA PARITY ADDRESS STOP
. 1,1.52,2.5 16X
# bits 1 5,6,7,8 0,1 123 1X
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ST9 - Serial Communication Interface

FUNCTIONAL DESCRIPTION (Continued)

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 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 Regis-
ter can also be combined to generate an Address
interrupt in 4 modes to suit different protocois,
based upon the status of the Address Mode En-
able bit (AMEN, IDPR.7) and the Address Mode bit
(AM, CHCR.7).

Table 14-1. 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 character match Address Interrupt mode may
be used as a powerful character search mode, giv-
ing an interrupt on reception of a predetermined
character e.g. Carriage Return or End of Block
codes.

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.

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.

128/219

Figure 14-7. Auto Echo Configuration
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ST9 - Serial Communication Interface

FUNCTIONAL DESCRIPTION (Continued)
14.2.2 Clocks And Serial Transmission Rates

The communication bit frequency of the SCI trans-
mitter and receiver sections can be provided from
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"), or divided by 1 for synchronous
modes (CD = “17).

External Clock Sources. The External Clock in-
put pin TXCLK may be programmed by bits TXCLK
(CCR.7) and OCLK (CCR.6) to be: the transmit
clock input (respecting the +16 and +1 timing re-
quirements), 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.

The Receive clock input via RXCLK input 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 programmable divide by “N”
counter which can be used to generate the clocks
for the transmitter and/or receiver. The minimum
baud rate divisor is 2 and the maximum divisor is
261, After initialization of the baud rate generator,
the divisor value is immediately loaded into the
counter. This prevents potentially long random
counts on the initial load.

Baud Rate generator frequency = Input Clock fre-
quency/Divisor

WARNING. Programming the baud rate division to
0 or 1 will stop the divisor.

The output of the baud generator has an exact
50% duty cycle. The output can provide either the
16X clock for asynchronous operation or a 1X
clock for synchronous and serial port expansion
modes for the receiver and the transmitter. An ad-
ditional divide by 16 may be appropriate to com-
pute the SCI data rate if in this normal operating
mode.

The Baud Rate generator can use INTCLK for the
input clock source. In this case, INTCLK should be

chosen to provide a suitable frequency for division

[il- SGS-THOMSON

by the Baud Rate Generator to give the required
transmit and receive bit rates.

Suitable INTCLK frequencies and the divider val-
ues for standard Baud rates are shown in Ta-
ble 14-2.

Notes:

1) Writing to a Baud Rate Generator Register im-
mediately disables and resets both the SCI baud
rate generator, the transmitter and receiver cir-
cuitry. After writing to the remaining Baud Rate
Generator Register, the transmitter and receiver
circuits are enabled. The Baud Rate generator will
load the new value and start counting.

Thus to initialize the SCI, the user should first in-
itialize one Baud Rate Generator Divisor Register.
This will reset all SCI circuitry. Initialize all other
SCl registers for the desired operating mode, and
then, to enable the SCI, initialize the remaining
Baud Rate Generator Register.

2) For synchronous receive operation, the data
and receive clock must not have significant skew
between clock and data. The received data and
clock are internally synchronized to INTCLK clock.

For synchronous transmit operation, a general pur-
pose /O port pin must be programmed to output
the CLKOUT signal from the baud rate generator.
If the SCl is provided with an external transmission
clock source, there will be a skew equivalent to two
INTCLK periods between clock and data.

The synchronous data will be transmitted on the
fall of the transmit clock. The synchronous re-
ceived data will be latched into the SCI on the ris-
ing edge of the provided receive clock.

The maximum data transfer rate is in synchronous
mode (1x mode):

- Maximum bit rate = INTCLK/8 = 12MHz/8 = 1.5
Mbit/s

- Maximum byte rate = 1.5 Mbit/10 = 150 Kby-
tes/s

(one byte = 8 bits of data + 1 stop bit + 1 start bit =
10 bits)

129/219
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ST9 - Serial Communication Interface

FUNCTIONAL DESCRIPTION (Continued)
Table 14-2. SCI Baud Rate Generator Divider Values

INTCLK: 7680.000 KHz
Baud Rate |Clock Factor Desi(Lel_t‘iZ;:req Divisor Acn;:altgaud Actz.ll(il';req 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 16 X 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 1228.80000 6 0006 80000.00 | 1280.00000 | 4.1667%
INTCLK: 11059.20 kHz
Baud Rate |Clock Factor DeSi(LT_‘dZ;:req > Divisor Ac""':;tga”d AC‘;-::_"Z";" €4 | Dpeviation
ec 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 16 X 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 16 X 153.60000 72 0048 9600.00 153.60000 0.0000%
19200.00 16 X 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%
130/219
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ST9 - Serial Communication Interface

FUNCTIONAL DESCRIPTION (Continued)

14.2.3 Input Signals

SIN: Serial Data Input. This pin is the serial data
input to the SCI receiver shift register.

TXCLK: External Transmitter Clock Input. This
pin is the external input clock driving the SCI trans-
mitter. The TXCLK frequency must be greater than
or equal to 16 times the transmitter data rate (de-
pending on the selection of X16 or X1 clock operat-
ing mode). The use of the TXCLK pin is optional.

RXCLK: External Receiver Clock Input. This in-
put is the clock to the SCI receiver when using an
external clock source to the SCI baud rate gener-
ator. INTCLK is normally the clock source. A 50/50
duty cycle is not required for this input, however,
the short period must last more than two INTCLK
periods. The use of the RXCLK pin is optional.

14.2.4 Output Signals

SOUT: Serial Data Output. This Alternate Func-
tion output signal is the serial data output from the
SCI transmitter shift register.

CLKOUT: Clock Output. The Alternate Function
of this pin outputs either the data clock from the
transmitter to an external shift register in the serial
expansion mode or the clock output from the Baud
rate generator. In serial expansion mode it will
clock only the data portion of the frame. The data is
valid on the rising edge of the clock. The CLKOUT
idle state is low.

14.3 INTERRUPTS AND DMA

14.3.1 Interrupts

The SCl is able to generate interrupts from multiple
sources. Receive interrupts include data pending,
receive errors (overrun, framing and parity), ad-
dress or break pending. 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”).

Typical Usage of the Interrupts provided by the SCI
is shown in Figure 14-10.

The SCl is able to generate interrupt requests on
10 events. Several of these events share the same
interrupt vector, so it is necessary to poll ISR, the
Interrupt Status Register, to determine the active
trigger. These bits should be reset by the program-
mer during the Interrupt Service routine.

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.

Table 14-3. SCI Interrupt Vector

Interrupt Source Vector Address
Transmitter Buffer or
Shift Register Empty xxx x110
Transmit DMA end of Block
Received Ready
Receive DMA end of Block Xxxx x100
Break Detector XXxX X010
Address Word Match
Receiver Error xxxx X000

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

Table 14-4. SCl Interrupt Internal Priority

‘7_1 SGS-THOMSON

Receive DMA Request Highest Priority
Transmit DMA Request

Receive Interrupt

Transmit Interrupt Lower Priority

131/219
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ST9 - Serial Communication Interface

INTERRUPTS AND DMA (Continued)
Figure 14-10. SCI Interrupt Typical Usage
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ST9 - Serial Communication Interface

INTERRUPTS AND DMA (Continued)

14.3.2 DMA

Two DMA channels are associated with the SCI,
for transmit and for receive. These follow the regis-
ter scheme as described in DMA chapter. It should
be noted that, after initializing the DMA counter
and pointer registers and enabling DMA, data
transmission is triggered by a character written into
the Transmit Holding register.

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 Inter-
rupt sources for transmit and receive, respectively.

The last DMA data word of a block of data will
cause a DMA cycle followed by a transmit inter-
rupt. This sequence will signal to the ST9 core to
reinitialize the transmit DMA block counter. The
Transmit End of Block status bit (TXEOB) should
be reset by software in order to avoid undesired in-
terrupt routines, especially in the initialisation rou-
tine (after reset) and after entering the End Of
Block interrrupt routine.

Similarly the last DMA data word of a block of data
will cause a DMA cycle followed by a receiver data
ready interrupt. This sequence will signal to the
ST9 core to reinitialize the receiver DMA block
counter. The Received End of Block status bit
(RXEOB) should be reset by software in order to
avoid undesired interrupt routines, especially in the
initialisation routine (after reset) and after entering
the End Of Block interrupt routine.

Remark: If properly initialized, the DMA controller
starts a data transfer after and only if the running
program has loaded the Transmitter Buffer Regis-
ter with a value. In order to execute properly a DMA
transmission, the End Of Block interrupt routine
must include the following actions:

- Load the Transmitter Buffer Register (TXBR)
with the first byte to transmit.

- Restore the DMA counter (TDCPR)
- Restore the DMA pointer (TDAPR)

- Reset the transmitter end of block bit TXEOB
(IMR.5)

- Reset the transmitter holding empty bit TXHEM
(ISR.1)

- Enable DMA

Kﬁ SGS-THOMSON

14.4 CONTROL REGISTERS

The relative pages of the SCI in the ST9 are:

- SCI number 1: page 24 (18h)

- SCI number 2: page 25 (19h) (when available)
The SCl is controlled by the following registers:

Address Register

R240 (FOh) Receiver DMA Transaction
Counter Pointer Register

R241 (F1h) Receiver DMA Source Address
Pointer Register

R242 (F2h) Transmitter DMA Transaction
Counter Pointer Register

R243 (F3h) Transmitter DMA Destination
Address Pointer Register

R244 (F4h) Interrupt Vector Register

R245 (F5h) Address Compare Register

R246 (F6h) Interrupt Mask Register

R247 (F7h) Interrupt Status Register

R248 (F8h) Receive Buffer Register same
Address as Transmitter Buffer
Register (Read Only)

R248 (F8h) Transmitter Buffer Register
same Address as Receive Buffer
Register (Write only)

R249 (F9h) Interrupt/DMA Priority Register

R250 (FAh) Character Configuration Register

R251 (FBh) Clock Configuration Register

R252 (FCh) Baud Rate Generator Register

R253 (FDh) Baud Rate Generator Register

R254 (FEh) Reserved

R255 (FFh) Reserved

133/219
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ST9 - Serial Communication Interface

CONTROL REGISTERS (Continued)

RDCPR R240 (FOh) Read/Write
Receiver DMA Transaction Counter Pointer

Reset value: undefined
7

TDAPR R243 (F3h) Read/Write
Transmitter DMA Destination Address Pointer

Reset value: undefined
7 0

e m [ mlm= ]

‘TA7|TAGITPS‘TM’TABITM’TMITUP‘

b7-b1 = RC7-RC1: Receive DMA Counter Pointer.
RDCPR contains the address of the pointer (in the
Register File) of the DMA receiver transaction
counter.

b0 = RR/M: Receiver Register File/Memory Selec-
tor. If this bit = “1” the Register File will be selected
as Destination, if this bit = “0” the Memory space
will be selected.

RDAPR R241 (F1h) Read/Write
Receiver DMA Source Address Pointer

Reset value: undefined
7 0

[ ro [ e | e o | o | me [ v | o |

b7-b1 = TA7-TA1: Transmitter DMA Address
Pointer. TDAPR contains the address of the
pointer (in the Register File) of the transmitter DMA
data source.

b0 = TD/P: Transmitter DMA Data/Program Mem-
ory Selector. If memory (TR/M = “0”) has been se-
lected for DMA transfers, when this bit = “1”
transmitter DMA transfers come from Data Mem-
ory. If this bit = “0” transmitter DMA transfers come
from Program Memory

IVR R244 (F4h)Read/Write
Interrupt Vector Register

Reset value: undefined
7 0

b7-b1 = RA7-RA1: Receive DMA Address Pointer.
RDAPR contains the address of the pointer (in the

Register File) of the receiver DMA data source.

b0 = RD/P: Receive DMA Data/Program Memory
Selector. If memory (RR/M = “0”) has been se-
lected for DMA transfers, when this bit = “1” re-
ceiver DMA transfers will go to Data Memory. If this
bit = “0” receiver DMA transfers will go to Program
Memory.

TDCPR R242 (F2h) Read/Write
Transmitter DMA Transaction Counter Pointer

Reset value: undefined
7 0

[TC7!TCG|TCS‘T(‘A‘TCB!TC2‘TC1ITFVM‘

b7-b1 = TC7-TC1: Transmitter DMA Counter
Pointer. TDCPR contains the address of the
pointer (in the Register File) of the DMA transmitter
transaction counter.

b0 = TR/M: Transmitter Register File/Memory Se-
lector. If this bit = “1” the Register File will be se-
lected as Source, if this bit = “0” the Memory space
will be selected.

134/219
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dress. User programmable interrupt vector bits for
transmitter and receiver

b2-b1 = EV2-EV1: Encoded Interrupt Source
(Read only). EV2 and EV1 are set by hardware ac-
cording to the interrupt source.

b7-b3 = V7-V3: SC/ Interrupt Vector Base Ad-

EV2 EV1 Interrupt source

Receiver Error

(Overrun, Framing, Parity)
Break detect or

address match

Receiver data ready/receiver
DMA End of Block
Transmitter buffer or

shift register empty
transmitter DMA End of Block

0 0

b0 = DO: This bit is fixed by hardware. It always re-
turns the value “0” when read.

CTRONIES



ST9 - Serial Communication Interface

CONTROL REGISTERS (Continued)

ACR R245 (F5h) Read/Write
Address/Data Compare Register

Reset value: undefined
7 0

IAC7|A06IACS‘PO4IAG3\AC2|AC1LACO!

b7-b0 = AC7-ACO: Address/Compare Character.
With either 9th bit address mode, address after
break mode, or character search, the received ad-
dress will be compared to the value stored in this
register. When a valid address matches this regis-
ter content, the Receive Address Pending bit is set.
After the RXAP bit is set in an addressed mode all
received data words will be transferred to the Re-
ceiver Buffer Register.

IMR R246 (F6h) Read/Write
Interrupt Mask Register

Reset value: 0xx0 0000b
7 0

[0 [pecfrece] me | wa | pe | pal] va |

b7 = HSN: Holding or shift register empty interrupt.
This bit selects the source of interrupt/DMA as the
transmitter register empty event. If this bit is set to
“1”, a holding register empty will generate a trans-
mitter register empty interrupt.

If this bit has a “0” value, a shift register empty will
generate a transmitter register empty interrupt.

b6 = RXEOB: Received End of Block. This bit is set
after a receiver DMA cycle to mark the end of a
block of data. The last DMA data word will cause a
DMA cycle followed by a receiver data ready inter-
rupt. This sequence will signal to the ST9 core to
reinitialize the receiver DMA block counter.
RXEOB should be reset by software in order to
avoid undesired interrupt routines, especially in the
initialisation routine (after reset) and after entering
the End Of Block interrupt routine.

« MIC
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Writing “0” in this bit will cancel the interrupt re-
quest.

Note. RXEOB can only be written with a “0”
(RXEOB = set only by the ST9 core).

b5 = TXEOB: Transmitter End of Block. This bit is
set in a transmitter DMA cycle to mark the end of a
block of data. The last DMA data word will cause a
DMA cycle followed by a transmitter interrupt. This
sequence will signal to the ST9 core to reinitialize
the transmitter DMA block counter. TXEOB should
be reset by software in order to avoid undesired in-
terrupt routines, especially in initialisation routine
(after reset) and after entering the End Of Block in-
terrrupt routine.

Writing “0” in this bit will cancel the interrupt re-
quest.

Note. TXEOB can only be written with a 0 (TXEOB
is set only by the ST9 core)

b4 = RXE: Receiver Error Mask. When this bit is
set to “0”, the receiver error bits: Overrun Error
(OE), Parity Error (PE), and Framing Error (FE),
cannot generate an interrupt.

b3 = RXA: Receiver Address Mask. When this bit
is setto “0”, the Receiver Address Pending (RXAP)
bit cannot generate an interrupt.

b2 = RXB: Receiver Break Mask. When this bit is
set to “0”, the Receiver Break Pending (RBP) bit
cannot generate an interrupt.

b1 = RXDI: Receiver Data Interrupt Mask. When
this bit is set to “0”, the Receiver Data Pending
(RDP) bit and the Receiver End of Block (RXEOB)
bit cannot generate an interrupt. RXDI has no ef-
fect on DMA transfers.

b0 = TXDI: Transmitter Data Interrupt Mask. When
this bit is set to “0”, neither the Transmitter Holding
or Shift Register Empty (TXHEM) bit or the Trans-
mitter. End of Block (TXEOB) bit can generate an
interrupt. TXDI has no effect on DMA transfers.

135/219
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ST9 - Serial Communication Interface

CONTROL REGISTERS (Continued)

ISR R247 (F7h) Read/Write
Interrupt Status Register

Reset value: undefined
7

0
[ o= | e [ re [oe] o | nce[maooad

b7 = OE: Overrun Error Pending. This bitis setto a
logic “1” if the data in the Receiver Buffer Register
was not read by the CPU before the next character
was transferred into the Receiver Buffer Register
(the previous data is lost). It is cleared by writing a
zero into OE.

b6 = FE: Framing Error Pending bit. This bit is set
to a logic “1” if the received data word did not have
a valid stop bit. It is cleared by writing a zero to the
bit. In the case where a framing error occurs when
the SCl is programmed in an address mode, and is
monitoring for an address, this interrupt is asserted
and the corrupted data element is transferred to
the Receiver Buffer Register.

b5 = PE: Parity Error Pending. This bit is set to a
logic “1” if the received word did not have the cor-
rect even or odd parity bit. It is cleared by writing a
zero into PE.

b4 = RXAP: Receiver Address Pending. RXAP is
setto “1” after an interrupt acknowiedged in the ad-
dress mode. The source of this interrupt is given by
the couple of bits (AMEN, AM) as detailed in the
“Interrupt/DMA  Priority Register” description.
RXAP is cleared by software.

b3 = RXBP: Receiver Break Pending bit. This bit is
set to a logic “1” if the received data input is held
low for the full word transmission time (start bit,
data bits, parity bit, stop bit). It is cleared by writing
a zero into RXBP.

b2 = RXDP: Receiver Data Pending bit. This bit is
set to a logic “1” when data is loaded into the Re-
ceiver Holding Register. It is cleared by writing a
zero into RXDP.

b1 = TXHEM: Transmitter buffer register Empty.
This bit is set to a logic “1” if the Holding Register is
empty. It is cleared by writing a zero into TXHEM.

b0 = TXSEM: Transmitter Shift Register Empty.
This bit is set to a logic “1” if the Shift Register has
completed the transmission of the available data. It
is cleared by writing a “0” into TXSEM.

Note.

The Interrupt Status Register bits can be reset by
writing a “0” but it is not possible to write a “1” into
any bit in this register. It is mandatory to clear the
interrupt source by writing a “0” in the pending bit
when executing the interrupt service routine.

136/219
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When servicing an interrupt routine, the User
should reset ONLY the pending bit relative to the
serviced interrupt routine (and not reset the other
pending bits).

RXBR R248 (F8h) Read only
Receive Buffer Register

Reset value: undefined
7 0

b7-b0 = RD7-RDO: Received Data. This register
stores the data portion of the received word. The
data will be transferred from the Receiver Shift
Register into the Receiver Buffer Register at the
end of the word. All receiver interrupt conditions
will be updated at the time of transfer. If the se-
lected character format is less than 8 bits, unused
most significant bits will forced to “1".

TXBR R248 (F8h) Write only
Transmitter Buffer Register

Reset value: undefined
7 0

[ ror | o [ os | oo [ oo | e [ o0 [

b7-b0 = TD7-TDO: Transmit Data. The ST9 core will
load the data for transmission into this register. The
SClI will transfer the data from the buffer into the Shift
Register when available. At the transfer, the Trans-
mitter Buffer Register interrupt is updated. If the se-
lected word format is less than 8 bits, the unused
most significant bits are not significant.

S TRONICS
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CONTROL REGISTERS (Continued)

IDPR R249 (F9h) Read/Write
Interrupt/DMA Priority Register

Reset value: undefined
7

o = [ [ [ [

b7 = AMEN: Address Mode Enable. This bit, with
AM (R250), decodes the desired addressing/9th
data bit/character match operation.

AMEN| AM
0 0 Address interrupt if 9th data bit =1
0 1 Address interrupt if character match
1 0 Address interrupt if character match

and 9th data bit =1

Address interrupt if character match
with word immediately following Break

In an addressed mode the SCI will monitor the in-
put serial data until its address is detected.

Upon reception of address, the RXAP bit (in the In-
terrupt Status Register) is set and an interrupt cycle
can begin. The address character will not be trans-
ferred into the Receiver Buffer Register but, alii data
following the matched SCI address and preceeding
the next address word will be transferred to the Re-
ceiver Buffer Register and the proper interrupts up-
dated. If the address does not match, all data
following this unmatched address will not be trans-
ferred to the Receiver Buffer Register.

In any of the cases the RXAP bit must be reset by
software before the next word is transferred into
the Buffer Register.

When AMEN = “0” and AM = “1”, a useful character
search function is performed. This allows the SCI
to generate an interrupt whenever a specific char-
acter is encountered (e.g. Carriage Return).

b6 = SB: Set Break. If this bit is set, a break will be
transmitted following the transmission of all data in
the Transmitter Shift Register and the Buffer Regis-

Lvyy SGS-THOMSON
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ter. The break will be a “0” value on the transmitter
data output for at least one complete word format.
If software does not reset SB before the minimum
break length has finished, the break condition will
continue until software resets SB. The SCI termi-
nates the break condition with a “1” on the trans-
mitter data output for one transmission clock
period.

b5 = SA: Set Address. If an address/9th data bit
mode is selected, SA value will be loaded for trans-
mission. Setting this bit indicates an address word.
SA will be cleared by hardware after it is loaded
into the Shift Register. Proper procedure would be,
when the Transmitter Buffer Register is empty, to
load the value of SA and then load the data into the
Transmitter Buffer Register.

b4 = RXD: Receiver DMA Mask. If this bit is “0”, no
receiver DMA request will be generated, and the
RXDP bit in the Interrupt Status Register can re-
quest an interrupt. If RXD is setto “1”, the RXDP bit
can request a DMA transfer. This bit is reset by
hardware when the transaction counter value dec-
rements to zero. At that time a receiver “end of
block” interrupt can occur.

b3 = TXD: Transmitter DMA Mask. If this bit is “0”
no transmitter DMA request will be generated and

- the TXHEM (or TXSEM) bit in the Interrupt Status

Register can request an interrupt. If TXD is set, the
TXHEM (or TXSEM) bit can request a DMA trans-
fer. This bit is reset by hardware when the transac-
tion counter value decrements to zero. At that time
a transmitter End Of Block interrupt can occur.

b2-b0 = PRL2, PRL2, PRLO: SC! Interrupt/DMA
Priority bits. The priority for the SCl is encoded with
(PRL2,PRL1,PRLO). A priority value of 0 has the
highest priority, a value of 7 has no priority.

When user has defined a priority level for the SCI,
priorities inside the SCI are hardware defined.
These SCl internal priorities are:

receiver DMA request
transmitter DMA request
receiver interrupt
transmitter interrupt

higher priority

lower priority
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CONTROL REGISTERS (Continued)

CHCR R250 (FAh) Read/Write
Character Configuration Register

Reset value: undefined
7 0

CCR R251 (FBh) Read/Write
Clock Configuration Register

Reset value: 0000 0000 (00h)
0

[ [ [eon] o [ oo | s wer | o]

s [ o [ [

b7 = AM: Address Mode. decodes the desired ad-
dressing/9th data bit/character match operation in
conjunction with AMEN (IDPR.7, R249).

b6 = EP: Even Parity. When parity is enabled, this
bit selects between even or odd parity. If this bit is
equal to “0”, odd parity will be selected. If this bit is
equal to “1”, even parity will be selected.

b5 = PEN: Parity Enable. When this bit is equal to
“1”, a parity bit is generated (transmit data) or
checked (received data) between the last word bit
and the stop bits. If the address/9th bit is enabled,
the parity bit will precede the address/9th bit

(The parity bit is used to produce an even or odd
number of 1’s when the parity bit and all data bits
are summed. The 9th bit is never included in the
parity calculation).

b4 = AB: Address/9th Bit. If this bit equals “1” the
transmit and receive character format will include a
bit between the parity bit and the first stop bit. This
bit can be used to address the SCI or as a ninth
data bit.

b3-b2 = SB1-SB2: Stop Bits. This bit field specifies
the number of stop bits to be included in the data
format

Number of stop bits
SB2 SB1
in 16X mode| in 1X mode
0 0 1 1
0 1 1.5 2
1 0 2 2
1 1 25 3

b1-b0 = WL1, WLO: These two bits specify the
number of data bits in each transmitted or received
character. The following table shows the coding of
WL.

WL1 WLO Data Length
0 0 5 bits
0 1 6 bits ’
1 0 7 bits
1 1 8 bits
138/219
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b7 = XTCLK:

b6 = OCLK: These two bits select the source for
the transmitter clock. The following table shows the

coding of XTCLK and OCLK.
XTCLK OCLK Pin Function
0 0 Pin is used as a general I/O
0 1 Pin = TXCLK (used as an input)
1 0 Pin = CLKOUT (outputs the

Baud Rate Generator clock)
Pin = CLKOUT (outputs the
Serial exp. mode clock)

1 1

b5 = XRX: External Receiver Clock Source. If this
bit is “1”, the receiver will use the external receiver
clock pin for its clock source. The external clock
must be equal to 16 times the data rate or equal to
the data rate depending on the bit CD.

b4 = XBRG: Baud Rate Generator Clock Source. |f
this bit is “1”, the baud rate generator will use the
external receiver clock pin for its clock source. If
this bit is “0”, the baud rate generator will use the
ST9 system clock (INTCLK).

b3 = CD: Clock Divisor. If CD = “1”, both the re-
ceiver and the transmitter will be in 1X clock mode.
In 1X clock mode, the transmitter will transmit data
at one data bit per clock period. If this bitis “0”, both
the receiver and the transmitter will be in 16X
mode. In 16X mode each data bit period will be 16
clock periods long.

The CD value will determine the synchro-
nous/asynchronous SCI configuration mode.

b2 = AEN: Auto Echo Enable. If AEN =“1”, the SCI
is in auto echo mode. In this mode the SCI trans-
mitter is disconnected from the transmitter data-
out pin (SOUT). The transmitter data-out pin
(SOUT) is driven directly by the receiver data-in pin
(SIN). The receiver remains connected to the re-
ceiver data-in pin (SIN) and is operational, unless
loopback mode is also selected.
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CONTROL REGISTERS (Continued)

b1 = LBEN: Loopback Enable. If this bit is set to
“1”, the loopback mode is enabled. In this mode the
transmitter output is set to “1”, the receiver input is
disconnected, and the output of the Transmitter
Shift Register is looped back into the Receiver
Shift Register input. All interrupt sources for both
the transmitter and the receiver are operational.
b0 = STPEN: Stick Parity Enable. If this bit is set to
“1”, the transmitter and the receiver will use the op-
posite parity type selected by the even parity bit
(EP).

Parity
EP SPEN (Transmitter & Receiver)
0 (odd) 0 Odd
1 (even) 0 Even
0 (odd) 1 Even
1 (even) 1 Odd

Figure 14-11. SCI Functional Scheme

BRGHR R252 (FCh) Read/Write
Baud Rate Generator Register, High byte.

Reset value: undefined
15 8

(%15]%14'8613‘8@:12‘&311‘BG1OI 339‘ B(B’

BRGLR R253 (FDh) Read/Write
Baud Rate Generator Register, Low byte.

Reset value: undefined
7 0

o7 | oo | oo [ oce | oo | oce | oot [ o

b15-b0: The Baud Rate generatoris a programma-
ble divide by “N” counter which can be used to gen-
erate the clocks for the transmitter and/or receiver.
This counter divides the clock input by the value in
the Baud Rate Generator Register. The minimum
baud rate divisor is 2 and the maximum divisor is
2'6.1. After initialization of the baud rate generator,
the divisor value is immediately loaded into the
counter. This prevents potentially long random
counts on the initial load.

If setto 0 or 1, the Baud Rate Generator is stopped.

INTCLK

oRG

RECEIVER
gALT’F'_J BUFFER REGISTER
A 'n
GENERATOR RECEVER o [IsN
SHIFT REGISTER \
N
LBEN
RxcLk [} 1 | CLOCK
0 DIVIDER BY 16 0
i i
XRX cD
Y
o i
ALTERNATE J_T_—l
[—= FUNCTION ! DIVIDER BY 16 ° CLOCKE —l\
MODULE i -
TXCLK /CLKOUT TRANSMITTER o {]sout
SHIFT REGISTER 5
TRANSMITTER AEN
BUFFER REGISTER
DATA ENVELOPE
= MULTIPLEXER [0 = EXTERNAL PIN
VR000209
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15 A/D CONVERTER

15.1 INTRODUCTION

The Analog to Digital Converter (A/D) is comprised
of an 8 channel multiplexed input selector and a
Successive Approximation converter. The conver-
sion time is thus a function of the INTCLK fre-
quency; for the maximum 12MHz clock rate,
conversion of the selected channel requires 11pus.
This time also includes the 3us of the integral Sam-
ple and Hold circuitry, which minimizes the need
for external components and allows quick sam-
pling of the signal for the minimum warping effect
and Integral conversion error.

The resolution of the converted channel is 8 bits,
with +1/2 LSB maximum DNL error between the
Analog Vss and Vpp references.

The converter uses a fully differential analog input
configuration for the best noise immunity and pre-
cision performance, along with two separate sup-
ply references, allowing the best supply noise
rejection and possible analog references lower

Figure 15-1. Block Diagram

than the Digital Vcc. In fact, the converted digital
value, is referred to the Analog Vcc (AVcce) as the
full scale value, so that using, for example a value
of 4 Volt for this supply, all conversions will accord-
ingly refer to this 4 Volt full scale value (AVss = Vss
mandatory).

Up to 8 multiplexed Analog Inputs are available. A
group of signals can be converted sequentially by
simply programming the starting address of the
first analog channel to be converted and using the
AUTOSCAN feature.

Two Analog Watchdogs are provided, on analog
input channels 6 and 7, allowing a continuous
hardware monitoring of these two inputs. An alarm
Interrupt request will be generated whenever the
converted value of either of these two analog in-
puts exceed one of the two programmed threshold

[ INT. VECTOR POINTER |
' INTERRUPT UNIT [ INT. CONTROL REGISTER |
COMPARE RESULT REGISTER
THRESHOLD REGISTER 7U
1 COMPARE LOGIC THRESHOLD REGISTER 7L
INTERNAL THRESHOLD REGISTER 6U
TRIGGER THRESHOLD REGISTER 6L
CONTROL
DATA REGISTER 7 CONVERSION AIN 7
EXTERNAL Locic DATA REGISTER 6 RESULT AIN 6
TRIGGER DATA REGISTER S ANALOG AIN 5
DATA REGISTER 4 AIN 4
I DATA REGISTER 3 1 mux AIN 3
DATA REGISTER 2 AIN 2
DATA REGISTER 1| [SUCCESSIVE APPROXIMATION AIN 1
DATA REGISTER O A/D CONVERTER AIN O
CONTROL REG. ——>| AUTOSCAN LOGIC
VA00223
02-93 141/219
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INTRODUCTION (Continued)

values (Upper and Lower) for each channel. The
comparison result is stored in a dedicated register.

Single, continuous, or externally triggered conver-
sion modes are available, internal clock sample
synchronization is also available through the “On
chip Event” synchronization logic of a Multifunction
Timer Unit,

A Power-Down programmable bit allows to set the
A/D converter to a minimum consumption idle
status.

The ST9 A/D Interrupt Unit provides two maskable
channels (Analog Watchdog and End of Conver-
sion) with hardware fixed priority, and up to 7 pro-
grammabile priority levels.

WARNING: A/D INPUT PIN DECLARATION

The input Analog channel is selected by using the
Alternate Function setting (PXC2, PXC1, PXCO =
1,1,1) as shown in the I/O ports section. The I/O bit
structure of the port connected to the A/D con-
verter is modified as shown in Figure 11-2 to pre-
vent the Analog voltage present at the I/O pin from
causing high power dissipation across the input
buffer. Un-selected analog channels should also

Figure 15-2. A/D Input Configuration Status

1/0 PIN
—

TOWARDS
A/D CONVERTER

GND

TRISTATE ‘

OUTPUT SLAVE LATCH

ALTERNATE
FUNCTION —o
(ouT)

INPUT
BUFFER

ALTERNATE
FUNCTION
(IN)

i OUTPUT MASTER LATCH‘ INPUT LATCH ‘

g INTERNAL DATA BUS 2

VA00219
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be maintained in the Alternate function mode for
this reason.

15.2 FUNCTIONAL DESCRIPTION

15.2.1 Operational Modes

Two main operational modes are available: Con-
tinuous Mode and Single Mode. To enter one of
these modes it is necessary to program the CONT
bit of the Control Logic Register, the Continuous
Mode is selected when CONT = “1”, while CONT =
“0” enables the Single Mode.

Both modes operate in the AUTOSCAN configura-
tion, allowing a sequential conversion flow of the
input channels. Itis possible to choose by software
the number of analog inputs to be converted by
writing into the Control Register (SC2, SC1, SCO
bits) the number of the first channel to be con-
verted. Subsequentially, after each conversion is
completed, the channel number is automatically in-
cremented, up to channel 7. For example, if (SC2,
SC1, SCO0) = 0,1,1 the conversion flow runs from
channel 3 up to channel 7. If (SC2, SC1, SCO0) =
1,1,1 only channel 7 is converted.

When the ST bit of the Control Logic Register is
written to “1” by software or hardware, the analog
inputs are sequentially converted (from the first se-
lected channel up to channel 7) and the results are
stored in the relevant Data Registers.

In Single Mode (CONT = “0"), the ST bit is reset by
hardware at the end of conversion of channel 7, an
End of Conversion (ECV) interrupt request is is-
sued, and the A/D waits for a new start event.

In Continuous Mode (CONT = “17), a continuous
conversion flow is entered by the start event. After
the conversion of channel 7 ends, the conversion
of channel ’s’ starts (where ’s’ is specified in the
(SC2, SC1, SCO) bits), this will continue until the
ST bit is reset by software. In all cases, an ECV in-
terrupt is issued each time the channel 7 conver-
sion ends.

When channel i’ is converted ('s’ < '’ < 7), the Data
Register is reloaded with the new conversion result
and the previous value is lost. The ECV interrupt rou-
tine can be used to save the current values before a
new conversion sequence (so as to create signal
sample tables within Register File or Memory).

15.2.2 Synchronisation

Conversion start synchronisation for all modes
may be internal or external. The external (ADTRG,
as an Alternate Function input of an I/O port) or the
internal (INTRG, produced by a Multifunction
Timer peripheral) can be used to synchronise the
conversion start with a trigger pulse. Both external

CTRONICS
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FUNCTIONAL DESCRIPTION (Continued)

and internal events can be seperately masked by
the programming of the EXTG/INTG bits of the
Control Logic Register. The events are internally
OR’ed, thus avoiding potential hardware conflicts,
however the correct procedure is to always enable
only one alternate synchronisation input at any time.

The effect of the alternate synchronisation is to set
the ST bit by hardware. This bit is reset, only in
Single Mode, at the end of each group of conver-
sions. In Continuous Mode all trigger pulses, fol-
lowing the first, are ignored.

The two synchronisation sources must have a
clock cycle minimum length of 83ns (at INTCLK =
12MHz), and a period greater (in Single Mode)
than the total time of a group of conversions
(11.5us x the number of channels scanned (at INT-
CLK = 12MHz)). If a trigger occurs when the ST bit is
still “1” (conversion is still in progress), it is ignored.

15.2.3 Analog Watchdog

Two internal Analog Watchdogs are available,
allowing great flexibility in automatic threshold
monitoring in those applications experiencing a
maximum range of fluctuations. Analog channels 6
and 7 define a voltage window for the allowed
values of the converted analog input. The range of
values of the external voltage applied to input 6
and 7 are accepted as normal whenever below the
Upper threshold and above or equal to the Lower
threshold.

When the external voltage is greater or equal to the
upper, or is less than the lower programmed volt-
age limits, a maskable interrupt request is gener-
ated and the Compare Results Register is updated
to inform which threshold (Upper or Lower) of
which channel (6 or 7) has been exceeded. The 4

Figure 15-3. A/D Trigger Source

threshold voltages are user programmable in 4
dedicated registers (8 up to B) of the A/D register
page, storing their 8 bit binary code. Only the 4
MSB of the Compare Results Register are used
(the 4 LSB always return “1” if read), each bit for
each threshold possible overflow or underflow
status.

After an hardware reset, these bit values are “0”.
During the normal A/D operation, the CRR bits are
setto “1” to flag an over-range and are automatically
reset by hardware after a software reset of the
analog Watchdog request flag in the ECR Register.

Analog Voltage
Upper threshold
Normal Area
(Window Guarded)
Lower threshold

15.2.4 Power down Mode

Before enabling any A/D conversion, it is manda-
tory to set the POW bit of the Control Logic Regis-
ter to “1” at least 60us before the first conversion
start. This is in order to correctly bias the analog
section of the converter, if this is not done, then
functionality of the converter will be locked.

Setting POW to “0” is useful when the A/D is not re-
quired in order to reduce the total power consump-
tion. This is the reset configuration, and is also
entered automatically when the ST9 is in Halt Mode
(following the execution of the halt instruction).

EXT. TRIGGER
ENABLE

TN/ A/D TRIGGER O——]

INT. TRIGGER
ENABLE

—_—

START GROUP
OF CONVERSIONS

ON—=CHIP EVENT ——>

SOFTWARE TRIGGER

Ukﬁ

CONTINUOUS OR
SINGLE MODE

VA00416
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Figure 15-4. Functional Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Figure 15-5. Analog Watchdog used in Motorspeed Control

SPEED
(CONVERSION RESULT)

TACHO —{S/H
<CHANNEL 7) AND
A/D =
INT INT
/ \\ UPPER THRESHOLD

LOWER THRESHOLD

INTERNAL

TRIGGER

VA00250

15.3 INTERRUPT

The A/D converter provides two interrupt sources,
End of Conversion and an Analog Watchdog Re-
quest. The A/D Interrupt Vector Register (IVR) pro-
vides 1 bit generated in hardware to follow the
interrupt source, allowing the automatic address-
ing of the relevant A/D Interrupt Service routine for
the two sources.

ANALOG 7 0  Lower
WATCHOG Word
REQUEST'XIX'XIXIX1X|OIO Address

END OF 7 0  Upper
CONV. Word
REQUEST X!X|X!X‘X’X|1|0‘Address

The A/D Interrupt vector should be programmed by
the User to point to the first memory location in the
Interrupt Vector table containing the base address
of the four byte area of the interrupt vector table in
which to store the address of the A/D interrupt ser-
vice routines.

m SGS-THOMSON

The Analog Watchdog Interrupt Pending bit (AWD,
ICR.6), is automatically hardware set whenever
any of the two guarded analog inputs goes out of
bounds. The Compare Result Register (CRR)
keeps track of the analog inputs exceeding the
thresholds.

When 2 requests occur simultaneously the Analog
watchdog request has priority over the End of Con-
version request which is held pending, to be
served after the current routine.

The Analog Watchdog Request requires the user
to poll within the Compare Result Register (CRR)
to determine which of the four thresholds has been
exceeded. The threshold status bits are set to “1”
to flag an over-range and are automatically reset
by hardware after a software reset of the analog
Watchdog request flag in the ECR Register.

The interrupt pending flags, ECV (End of Conver-
sion, ICR.7) and AWD should also be reset by the
User in the Interrupt service routine before the re-
turn. Setting either of these two bits by software will
cause a software interrupt request to be generated.

145/219
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15.4 REGISTERS

15.4.1 Register Mapping
A/D registers are mapped page 63.
15.4.2 Data Registers (DiR)

The result of the conversions of the 8 available
channels are loaded in the 8 DiR (channel0—DOR
....channel7—D7R); every Data Register is re-
loaded with a new value at the end of the conver-
sion of the correspondent analog input.

DOR R240 (FOh) Page 63 Read/Write
Channel 0 Data Register

Reset Value: Undefined
7 0

[ D0.7 I D0.6 ‘ D0.5 ] Do.4 | D0.3 ’ Do0.2 ‘ DO.1 ‘ D0.0 ’

b7-b0 = D0.7-D0.0: Channel 0 Data

D1R R241 (F1h) Page 63 Read/Write
Channel 1 Data Register

Reset Value: Undefined
7 0

[ D1.7 l D1.6 ‘ D15 | D14 I D1.3 | D1.2 ‘ D1.1 ] D1.0 ‘
b7-b0 = D1.7-D1.0: Channel 1 Data

D2R R242 (F2h) Page 63 Read/Write
Channel 2 Data Register

Reset Value: Undefined
7 0

1 D2.7 | D2.6 l D25 | D2.4 | D2.3 l D2.2 ‘ D2.1 ] D2.0 l
b7-b0 = D2.7-D2.0: Channel 2 Data

D3R R243 (F3h) Page 63 Read/Write
Channel 3 Data Register

Reset Value: Undefined

7 0

I D3.7 ' D3.6 ‘ D3.5 | D3.4 ‘ D3.3 | D3.2 I D3.1 ‘ D3.0 ‘

b7-b0 = D3.7-D3.0: Channel 3 Data

146/219
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D4R R244 (F4h) Page 63 Read/Write
Channel 4 Data Register

Reset Value: Undefined
7 0

‘ D4.7 ; D4.6 | D4.5 l D4.4 ‘ D4.3 ' D4.21 D4.1 l D4.0 ‘
b7-b0 = D4.7-D4.0: Channel 4 Data

D5R R245 (F5h) Page 63 Read/Write
Channel 5 Data Register

Reset Value: Undefined
7 0

| D5.7 ‘ D5.6 | D5.5 ‘ D5.4 ‘ D53 ‘ D5.2 ‘ D5.1 l D5.0 ‘

b7-b0 = D5.7-D5.0: Channel 5 Data

D6R R246 (F6h) Page 63 Read/Write
Channel 6 Data Register

Reset Value: Undefined
7 0

‘ D6.7 ‘ D6.6 l D6.5 l D6.4TD6.3 ‘ D6.2 ‘ D6.1 ‘ D6.0 |

b7-b0 = D6.7-D6.0: Channel 6 Data

D7R R247 (F7h) Page 63 Read/Write
Channel 7 Data Register

Reset Value: Undefined
7 0

‘ D7.7 ’ D7.6 ’ D75 ‘ D74 ‘ D7.3 1 D7.2 ’ D7.1 ‘ D7.0 '
b7-b0 = D7.7-D7.0: Channel 7 Data
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REGISTERS (Continued)

15.4.3 Lower Threshold Registers (LTiR)

The 2 lower threshold registers are used to store
the 2 user programmable lower threshold voltages
(i.e. their 8 bit binary code) to be compared with the
present channel 6 or 7 conversion result. They fix
the lower voltage window limit.

LT6R R248 (F8h) Page 63 Read/Write
Channel 6 Lower Threshold Register

Reset Value: Undefined
7 0

[LTG] ‘ LT6.6 l LT6.5 | LT6.4 ] LT6.3 l LT6.2 | LT6.1 ' LT6.0 ‘
b7-b0 = LT6.7-LT6.0: Channel 6 Lower Threshold

LT7R R249 (F9h) Page 63 Read/Write
Channel 7 Lower Threshold Register

Reset Value: Undefined
7 0

| LT17.7 l LT7.6 ‘ LT7.5 l LT7.4 \ L77.3 I LT7.2 { LT7.1 ‘ LT7.0 l

b7-b0 = LT7.7-LT7.0: Channel 7 Lower Threshold
11.4.6 Upper Threshold Registers (UTIR)

The 2 upper threshold registers are used to store
the 2 user programmable upper threshold voltages
(i.e. their 8 bit binary code) to be compared with the
present channel 6 or 7 conversion result. They fix
the upper voltage window limit.

UT6R R250 (FAh) Page 63 Read/Write
Channel 6 Upper Threshold Register

Reset Value: Undefined
7 0

l UTe.7 ‘ UTe.6 1 utes | UTe.4 I uTe.3 | uTe.2 | uTe.1 I UTe.0 |
b7-b0 = UT6.7-UT6.0: Channel 6 Upper Threshold

["'i SGS-THOMSON

UT7R R251 (FBh) Page 63 Read/Write
Channel 7 Upper Threshold Register

Reset Value: Undefined
7 (0]

{ uTr.7 ’ ut7.6 ‘ uT7.5 | UT7.4J ut7.3 I uTr.2 \ uT7.1 ‘ uT7.0 ]

b7-b0 = UT7.7-UT7.0: Channel 7 Upper Threshold

15.4.4 Compare Result Register (CRR)

The result of comparison between the current
value of data registers 6 and 7 and the threshold
registers is stored in this 4 bit register.

CRR R252 (FCh) Page 63 Read/Write
Compare Result Register

Reset Value: 0000 1111 (OFh)
7 0

|C7U1CBU|C7LICGLI X l X I X l X]

b7 = C7U: Compare Reg 7 Upper threshold Set to
“1” when converted data is greater than or equal to
the threshold value. Not affected otherwise

b6 = C6U: Compare Reg 6 Upper threshold Set to
“1” when converted data is greater than or equal to
the threshold value. Not affected otherwise

b5 = C7L: Compare Reg 7 Lower threshold Set to
“1” when converted data is less than the threshold
value. Not affected otherwise.

b4 = C6L: Compare Reg 6 Lower threshold Set to
“1” when converted data is less than the threshold
value. Not affected otherwise.

These bits should be Software reset at the end of
the 'Out of Bounds’ Interrupt routine.

b3-b0 = undefined, return “1” when read.

Note. any Software request reset in the ICR, will
cause also all the Compare status bits to be hard-
ware forced to zero, to prevent possible overwriting
if an Interrupt request occurs between the Soft-
ware reset and the Interrupt Request Software

reset.
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REGISTERS (Continued)

15.4.5 Control Logic Register (CLR)

This register manages the A/D logic operations.
Writing into this register will cause the current con-
version to be aborted and the autoscan logic to be
re-initialized to the starting configuration. CLR is
programmabile as following:

CLR R253 (FDh) Page 63 Read/Write
Control Logic Register

Reset Value: 0000 0000 (00h)
7 0

‘ SC2 I SC1 | SCo jEXTG! INTG | POW lCONTl ST ]

b7-b5 = SC2, SC1, SCO: Start Conversion Ad-
dress. These 3 bits define the starting analog input
in Autoscan mode. The first channel addressed by
SC2-SCO is converted, then the address is in-
cremented for the successive conversion, until
channel 7 (111) is converted. The (SC2, SC1,
SCO0) bits define the group of channels to be
scanned. When setting SC2=1 SC1=1 SC0=1 only
channel 7 is converted.

b4 = EXTG: External Trigger. When set to a logical
“1”, this bit allows to start a group of conversion
synchronized on the following edge of the external
signal applied on pin ADTRG (when enabled for Al-
ternate Function)..

b3 = INTG: Internal Trigger. When set to a logical
level “17, this bit enables the start of a group of con-
version, synchronized with an internal signal (On
chip Event signal) from a Multifunction Timer Unit.
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Both External and Internal Trigger inputs are inter-
nally OR’ed, thus avoiding Hardware conflicts,
however the correct procedure is o enabie oniy
one alternate synchronization input at time.

b2 = POW: Power Up/Power Down A logical “1”
enables the A/D logic and analog circuitry.

A logical “0” disables all power consuming logic,
thus allowing a low power idle status.

b1 = CONT: Continuous/Single. When this bit is
setto “1” (Continuous Mode), the first group of con-
versions are started either by software {setting to
“1” the ST bit) or by hardware (on an Internal or ex-
ternal trigger, depending on the INTG and EXTG
bits status), and a continuous conversion flow is
then processed.

When this bit is set to “0” (single mode), only a
single group of conversions (1 up to 8) are started
whenever any External (or Internal) trigger occurs,
or the ST bit is set to “1” by software.

The effect of the alternate synchronization is to
hardware set the START/STOP bit which is hard-
ware reset when in SINGLE mode, at the end of
each group of conversions.

Requirements:

The External Synchronisation Input must receive a
pulse (low level) wider than an INTCLK period
(83ns) minimum and for both External and On chip
Event synchronisation, a period greater than the
time required for a group of conversion (number of
channels times x 11pus).

b0 = ST: Start/Stop A logical “1” level enables the
starting of a group of conversions; a logical level
“0” stops the conversion. When the A/D is running
in the Single Mode, this bit is hardware reset at the
end of a group of conversions.
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REGISTERS (Continued)

b0 = ST: Start/Stop A logical “1” level enables the
starting of a group of conversions; a logical level
“0” stops the conversion. When the A/D is running
in the Single Mode, this bit is hardware reset at the
end of a group of conversions.

15.4.6 Interrupt Control Register (ICR)

This register contains the three priority level bits,
the two sources flags, and their bit mask:

ICR R254 (FEh) Page 63 Read/Write
Interrupt Control Register

Reset Value: 0000 1111 (OFh)
0

A logical level “1” enables the request, a logical
level “0” masks the request.

b3 = D3: Undefined

b2-b0 = PL2, PL1, PLO: A/D Interrupt Priority
Level. With these three bits it is possible to select
the Interrupt priority level of the A/D Converter.

15.4.7 Interrupt Vector Register (IVR)

IVR R255 (FFh) Page 63 Read/Write
Interrupt Vector Register

Reset Value: xxxx xx10 (x2h)
7 0

[V7IV6’VSIV4IV3[V2lW1\DO]

7
ECV IAWDI ECI IAWDII X l PL2 [ PL1 ] PLO I

b7 = ECV: End of Conversion. ECV is automat-
ically set by hardware after a group of conversions
is completed.

b6 = AWD: Analog Watchdog. AWD is automat-
ically hardware set whenever any of the two
guarded analog inputs goes out of bounds. The
threshold values are stored in registers F8h and
FAh for channel 6, and in registers F9h and FBh for
channel 7 respectively. The Compare Result Reg-
ister (CRR) keeps track of the analog inputs ex-
ceeding the thresholds.

AWD and ECV must be reset by the user, before
returning from the Interrupt service routine. Setting
either of them by software will cause a software in-
terrupt request to be generated.

b5 = ECI: End of Conversion Interrupt Enable This
bit masks the End of Conversion interrupt request.
A logical level “1” enables the request, a logical
level “0” masks the request.

b4 = AWDI: Analog Watchdog Interrupt Enable.
This bit masks the Analog Watchdog interrupt re-
quest.

57 SGS-THOMSON

b7-b2 = V7-V2: A/D Interrupt Vector. This vector
should be programmed by the User to point to the
first memory location in the Interrupt Vector table
containing the starting addresses of the A/D inter-
rupt service routines.

b1 = W1: Word Select. This bit is set by hardware,
according to the A/D interrupt source. ltis set to “0”
if the source is the Analog Watchdog, pointing to
the lower word of the A/D interrupt service block
(defined by V7-V2). It is set to “1” if the source is
the End of Conversion interrupt, thus pointing to
the upper word.

When 2 requests occur simultaneously the Analog
watchdog request has priority over the End of Con-
version request which is held pending, to be
served after the current routine.

b0 = DO: This bit is fixed by hardware. It always re-
turns the value “0” if read.

149/219

MICROELECTRONICS

233






ST9 - Software

16 SOFTWARE DESCRIPTION

16.1ADDRESSING MODES

The ST9 offers a wide variety of established and
new addressing modes and combinations to facili-
tate full and rapid access to the address spaces
while reducing program length. The available ad-
dressing modes are shown in Table 16-1:

Table 1-1. Addressing Modes

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

Operand is In Addressing Mode Diz::i:taig:n Not'ation
Instruction Immediate V%I)(I)tret;ﬁ z'l:le
Direct V?I);tred :r
Register File Indirect Byte/Word (n
Indexed Byte/Word N(r)
Indirect Post-Increment Byte (n+
Direct Byte/Word NN
Indirect Byte/Word (rr)
Indirect Post-Increment Byte/Word (rn)+
Program or Data Memory
Indirect Pre-Decrement Byte/Word -(rr)
Short Indexed Byte/Word N(rr)
Long Indexed Byte/Word NN(rr)
Register Indexed Byte/Word rr(rr)
Any bit of any working register Direct Bit r.b
Any bit in program or data memory Indirect Bit (rr).b
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ADDRESSING MODES (Continued)

Two Operands Arithmetic and Logic Instructions

Destination

Source

Register Direct
Register Direct
Register Direct
Register Direct
Register Direct
Register Direct

Register Direct

Register Direct

Register Indirect

Memory Indirect

Memory Indexed

Memory Indirect with Post-Increment
Memory Indirect with Pre-Decrement

Memory Direct

Register Indirect
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
Memory Direct

Memory Indirect

Immediate

Immediate

Immediate

Two Operands Arithmetic, Logic and Load Instructions

Destination

Source

Memory Indirect

Memory Direct
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236




ST9 - Software

ADDRESSING MODES (Continued)

Two Operands Load Instructions

Destination Source

Register Direct Register Direct
Register Direct Register Indirect
Register Direct Register indexed
Register Direct Memory Indirect
Register Direct Memory Indexed
Register Direct Memory Indirect with Post-Increment
Register Direct Memory Indirect with Pre-Decrement
Register Direct Memory Direct
Register Indirect Register Direct
Register Indexed Register Direct
Memory Indirect Register Direct
Memory Indexed Register Direct
Memory Indirect with Post-Increment Register Direct
Memory Indirect with Pre-Decrement Register Direct
Memory Direct Register Direct
Register Direct Immediate
Memory Direct Immediate
Memory Indirect Immediate
Long Indexed Memory ") Immediate

Two Operands Load Instructions @

Destination Source

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

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

[Ny SGS-THOMSON 153/219
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ADDRESSING MODES (Continued)
16.1.1 Register Addressing Modes

Immediatae Addressing Mode

2RI AGGICSSING e

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

Example: 1dw RR42, #65536

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

Example: 1dw RR42, #0FFFFh.

Figure 16-1. Immediate Register

Addressing In The Ina Working  In an Absolute In
Mode Instruction Register Register Memory
IMMEDIATE
DATA
REGISTER

VROA1845

Direct Addressing Mode

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

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

Figure 16-2. Direct Register

Addressing In The In a Working ~ In an Absolute in
Mode Instruction Register Register Memory
T |
DIRECT REGISTER ||
REGISTER ADDRESS DATA
REGISTER —J DATA
ADDRESS L
B VROB1845
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Indirect Addressing Mode

In the Indirect Register Addressing imiode, the ad-

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

Example:

If register 200 contains 178 and working register
11 contains 86 then the instruction 1d
(r1l),R200 loads the value 178 into register 86.
Note: the indirect address can only be contained in a working regis-
ter.

Figure 16-3. Indirect Register

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

INDIRECT HEGISTER

REGISTER | ADDRESi’ .‘ADDRESS 777«‘ DATA

VRO01845

Indexed Addressing Mode

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

Example: if working register 10 contains 55 then
the instruction

1d 40(r10),rl8

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

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

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

Figure 16-4. Indexed Register

Addressing in The
Mode Instruction

In a Working
Register

In an Absolute In
Register Memory

REGISTER |

ADDRESS J
|
|

INDEXED

-y
(NDEXED. ADDRESS | \:)'1 DATA
|
J

OFFSET

VROC1845
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ADDRESSING MODES (Continued)

Indirect Register Post-increment Addressing
Mode

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

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

1d (rr2)+, (x8)+
the memory location 2000 will be loaded with the
value 56. Immediately following this, the contents

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

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

Figure 16-5. Register Indirect Post-Increment

Addressing In The In a Working In an Absolute In
Mode Instruction Register Register Memory
INDRECT ey
REGISTER | REGISTER | | |
— DATA
WITH ADDRESS } "ADDRESSz I '{ |
POST-INCREMENT | -
|
(n)——-“‘
[ADDRESS ‘
. § HIGH I
REGISTER ADDRESS | J
DATA
\‘ADDRESS J Low | ‘ 1
e |
{n) E—
G VROD1845

Direct Bit Addressing Mode

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

Examples: bset r7.3
This instruction sets the bit 3 of the working register 7.
bld r7.3, rl2.6

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

~» MICRO!
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16.1.2 Memory Addressing Modes

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

Direct Addressing Mode

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

Thus the instruction
1d 12345,1r9

loads working register 9 data into memory location
12345

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

Examples:
1d 12354, 434

will load the value 34 into the memory location
12354.

ldw 12354, #3457

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

Figure 16-6. Memory Direct

Addressing In The Ina Working  In an Absolute In
Mode Instruction Register Register Memory
MEMORY ADDRESS | !
DIRECT HIGH | DATA
ADDRESS
Low
T VROE1845
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ADDRESSING MODES (Continued)
Indirect Addressing Mode

When usginga the indiract addressina
vviiCN USING NC INGIFCCT aGaressing m
n

e
cess memory, the address is contained in a pai
working registers.

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

1d (rr8),#34
loads the value 34 into memory location 2000.

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

ldw (rr8), #3467
loads the memory locations 2000 and 2001 with
the value 3467.

Figure 16-7. Memory Indirect

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

'REGISTER ___| ADDRESS
ADDRESS HIGH ‘ DATA
ADDRESS |
Low

Indirect With Post-increment Adressing Mode

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

Example:

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

1d R50, (rr4)+

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

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

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

Figure 16-8. Memory Indirect Post-Increment

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

INDIRECT ﬁi—w-‘ DATA

REGISTER |
ADDRESS

WITH
POST-INCREMENT

VROG1845

Indirect With Pre-decrement Addressing Mode

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

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

1d R56,-(rro6)

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

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

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

Figure 16-9. Memory Indirect Pre-Decrement

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

MEMORY

INDIRECT ADDRESS

N
HiGH [ " DATA J
ADDRESS T
Low

REGISTER
ADDRESS

PRE-DECREMENT

VROH1845
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ADDRESSING MODES (Continued)

Indexed Addressing Modes

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

- Indexed with an Immediate Short and Long
Offset

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

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

1d R55,34(rr6)

loads the value 254 into register 55.

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

1d 322(rr2),r78

loaded the value 34 into memory location 2322.

- Indexed with a Register Offset

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

Example

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

1d rr4 (rr0),R45

ioads the vaiue 78 into memory iocation 5555.

2

20
A

=

Figure 16-10. Memory Indexed with Immediate
Short Offset

IMMEDIATE
SHORT OFFSET

ADDRESS
OFFSET |-

Addressing in The in a Working in an Absolute in
Mode Instruction Register Register Memory
INDEX
HIGH

MEMORY ‘ REGISTER | | INDEX N |
INDEXED LOW ) + DATA |
WITH | S

VROJ1845

Figure 16-11. Memory Indexed with Immediate

Long Offset
Addressing In The In a Working In an Absolute in
Mode Instruction Register Register Memory
INDEX
i HIGH
- TP - §
MEMORY REGISTER | | INDEX | N
INDEXED ADDRESS Low J‘/ " DATA
WITH e — e
IMMEDIATE OFFSET
LONG OFFSET HIGH

OFFSET
Low

VROK1845

Figure 16-12. Memory Indexed with Register

-THOMSON

S

Offset
Addressing In The in a Working In an Absolute In
Mode Instruction Register Register Memory
INDEX |
" HIGH
MEMORY REGISTEF{] | INDEX | _( I DATA_l
INDEXED ADDRESS Low . | |
WITH ittt S | I
REGISTER REGISTER || OFFSET
OFFSET ADDRESS HIGH
OFFSET
LOowW
T VROL1845

Indirect Memory Bit Addressing Mode

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

Example

btset (rr8).3

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

157/219
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16.2 INSTRUCTION SET

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

- Arithmetic & logic (two operands)

- Arithmetic Logic and Shift (one operand)

- Stack (one operand)

- Multiply & Divide (two operands)

- Boolean (one or two operands)

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

158/219
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The wide range of instructions eases use of the
register file and address spaces, reducing opera-
tion times, while the register pointers mechanism
allows an unmatched code efficiency and ultrafast
context switching. A particularly notable feature is
the comprehensive "Any Bit, Any Register” (ABAR)
addressing capability of the Boolean instructions.

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

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

Load Instructions (Two Operands)

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

Arithmetic and Logic Instructions (Two Operands)

Mnemonic Operands Instruction

ADD dst,src Add

ADDW dst,src Add Word

ADC dst,src Add With carry

ADCW dst,src Add Word With Carry

SuB dst,src Substract

SUBW dst,src Substract Word

SBC dst,src Substract With Carry

SBCW dst,src Substract Word With Carry

AND dst,src Logical AND

ANDW dst,src Logical Word AND

OR dst,src Logical OR

ORW dst,src Logical Word OR

XOR dst,src Logical Exclusive OR

XORW dst,src Logical Word Exclusive OR

CP dst,src Compare

CPW dst,src Compare Word

™ dst,src Test Under Mask

TMW dst,src Test Word Under Mask

TCM dst,src Test Compiement Under Mask

TCMW dst,src Test Word Complement Under Mask

‘_ SGS-THOMSON 159/219
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INSTRUCTION SET (Continued)

Arithmetic Logic and Shift Instructions (One Operand)

Mnemonic Operands Instruction
INC 