






























































































































































































































































































































































































































































ST7293

CLOCK SYSTEM (Continued) 1.8 RESETS AND INTERRUPTS
. Resets are used to provide an orderly software
Figure 7. Equivalent Crystal Circuit startup procedure or to quit low power modes.
Two reset modes are provided: a power-on reset
Rs G Ly and an external reset at pin RESET. The watchdog

reset is considered as an external one though the
watchdog system generates a MCU reset by pull-
ing down the RESET pin.

A summary of the effects of both reset modes on
the different sections of the MCU is given in the fol-
lowing Table. For further information, please refer
to the part describing the particular section.

1.8.1 External Reset

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

0SCin 0SCout

I VAQO101

2MHz AMHz Unit As shown in Figure 8, the RESET signal must stay
Rsmax 400 75 Q low for a minimum of one and a half CPU clock cy-
Co 5 7 oF cles. A reset causes the reset vector to be fetched
at addresses 01FFEh and 01FFFh in order to be
Ci 0.008 0.012 pF loaded into the PC.
Coscin 15-40 15-30 pF The external reset is used by the watchdog system
o 2 . F to reset the MCU. When active, the power-on reset
Cosoou 1530 1525 P circuitry pulls down the RESET pin. In both cases,
Re 10 10 MQ the RESET pin can be used as an output to reset
Q 30 40 10° other devices. However, the pull down circuitry fea-
tures a current limitation to allow the connection of
any input signal, including from an RC type circuit.
Recommended Settings for Ceramic An internal Schmitt trigger at pin RESET improves
Resonator noise immunity.
Uit 1.8.2 Power-on Reset (POR)
2-4MHz il The power-on reset (POR) is generated upon de-
Rsmax 10 Q tection of a positive transition on Vpp (refer to Fig-
Co 40 oF ure 8). It causes the reset vector to be fetched at
addresses 01FFEh and 01FFFh in order to be
G 43 pF loaded into the PC.
Coscin 30 pF An internal circuitry provides a 4096 CPU clock cycle
Coscout 30 pF delay from the time the oscillator becomes active. At
the end of the power-on reset, the MCU can be
Re 1-10 MQ maintained in the reset condition by the external re-
Q 1250 set. The RESET pin can therefore be used to ensure
Vpp has risen to a point where the MCU can properly *
operate before running the MCU program.
10/18 X
K37, 355 THONSN
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ST7293

RESET AND INTERRUPTS (Continued)

During the POR, the RESET pin is pulled low, thus
permitting the MCU to reset other devices.

The power-on reset is strictly used for power up
conditions and should not be used to detect any
drop in the power supply voltage. There is no pro-
vision for a power-down reset.

1.8.3 Interrupts

The ST7293 may be interrupted by one of four dif-
ferent methods: the three maskable hardware in-
terrupts (INT, PORT C, or TIMER) and the
non-maskable software interrupt (TRAP). The In-
terrupt processing flowchart is shown in Figure 9.
The maskable interrupts must be enabled in order
to be serviced. However, disabled interrupts can
be latched and processed when they are enabled.
When an interrupt has to be serviced, the PC, X, A
and CC registers are saved into the stack and the
interrupt mask (I bit of the Condition Code Regis-
ter) is set to prevent additional interrupts. The Y
register is not automatically saved. The stack order
is shown on Figure 3.

The PC is then loaded with the interrupt vector of
the interrupt to service and the interrupt service
routine runs (refer to Table 3 for vector addresses).

It should finish by the IRET instruction which
causes the contents of the registers to be recov-
ered from the stack and normal processing to re-
sume. Note that the | bit is then cleared if and only if
the corresponding bit stored in the stack is zero.

Though many interrupts can be simultaneously
pending, a priority order is defined (see Table 4).
The RESET pin has the highest priority. Then, if
the | bit is low, the decreasing priority order is
TRAP, INT, timer input capture, timer output com-
pare, timer overflow and PORT C. If the | bit is set,
TRARP is the only enabled interrupt.

Interrupts allow the processor to leave low power
modes. Refer to LOW POWER MODES for further
information.

Software Interrupt. The software interrupt is the
TRAP executable instruction. The interrupt is rec-
ognized when the TRAP instruction is executed,
regardless to the | bit state. When the interrupt is
recognized, it is serviced according to the flowchart
on Figure 9.

External Interrupt. The external interrupt is gen-
erated through the INT pin. The interrupt is en-
abled if the | bit of the CCR is cleared.

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

Section

RESET

o
[e]
0

WAIT HALT

Timer Prescaler reset to zero

Timer Counter set to FFFCh

All Timer enable bit set to 0 (disable)

Data Direction Regfisters set to 0 (as Inputs)

Set Stack Pointer to 00FFh

Force Internal Address Bus to restart vector 1FFEh, 1FFFh
Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable)
Set Interrupt Mask Bit (I-Bit, CCR) to 0 (Interrupt Enable)
Reset HALT Latch

Reset INT Latch

Reset WAIT Latch

Disable fop Clock (for 4096 cycles)

Set CPU Clock to 0

Set Timer Clock to 0

SM-Bit cleared

Watchdog counter reset

Watchdog WDOG-BIT reset

EEPROMs control bits reset

X

' xX X X X X X X X X
M X X X X X X X X X + X X X X X X X
x x
x

X X X X

m S$GS-THOMSON

11/18
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ST7293

RESET AND INTERRUPTS (Continued)

The INTN and INTP bits of the Miscellaneous Reg-
ister (0Ch) allow selection of the interrupt triggering
mode among the 4 available ones. Refer to Table
3 for the triggering mode coding.

In order to avoid conflicts and spurious interrupts,
the external interrupt options can only be changed
when the | bit is set. Any attempt to change the op-
tions while | is reset fails. When the options are
changed any pending interrupt is lost.

When an enabled interrupt occurs, normal proc-
essing is suspended at the end of the current in-
struction execution. It is then processed according
to the flowchart on Figure 9.

If the interrupt is disabled (I high), the triggering
edge of the INT line is internally latched and the in-
terrupt remains pending to be processed as soon
as the interrupt is enabled (the low level sensitive
interrupt is not latched and can therefore not re-
main pending). This internal latch is cleared in the
first part of the service routine. Therefore, one, and
one only, external interrupt can be latched and
serviced as soon as enabled.

Figure 8. Reset Timing Diagram

Figure 10 shows the mode timing diagram for the
interrupt line. Two methods are described. The first
method shows single pulses on the interrupt line
spaced far enough apart to be serviced. The mini-
mum time between pulses is a function of the num-
ber of cycles required to execute the interrupt
service routine plus 21 cycles. Once a pulse oc-
curs, the next pulse should not occur until the MCU
software has exited the routine (an IRET instruc-
tion occurs).

The second configuration shows several interrupt
lines “wire-ORed” to form the interrupts at the proc-
essor. Thus, if after servicing one interrupt the in-
terrupt line remains low, then the next interrupt is
recognized.

PORTC Interrupt. The PORTC Interrupt can be
generated on the falling edge of one pin PC0-PC5
if it is defined as an interrrupt source. When an en-
abled interrupt occurs, normal processing is sus-
pended at the end of the current instruction
execution. It is then processed according to the
flowchart on Figure 9.

0SCin

Z

t,,—om =
oxov

PC

WATCHDOG RESET

EXTERNAL RESET

POWER ON RESET

CPU CLOCK 2222223 l
I

é

r__:>\______________

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

I

e e

K-

VROO1171

12/18 "_I SGS-THOMSON
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ST7293

RESET AND INTERRUPTS (Continued)

Table 3. External Interrupt Options

INTP INTN External Interrupt Options
0 0 Negative edge and Low level sensitive
0 1 Negative edge only
1 0 Positive edge only
1 1 Positive and negative edge sensitive

Figure 9. Interrupt Processing Flow-Chart

FROM RESET

CLEAR WKP
LATCH

STACK
PC.X,A,CC

SET | BIT

LOAD PC
WITH APPROPRIATE
INTERRUPT VECTOR

EXECUTE INSTRUCTION

Y
FETCH NEXT @

INSTRUCTION

]

EXECUTE INSTRUCTION

1

VR0O1172

13/18
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ST7293

RESET AND INTERRUPTS (Continued)

If the interrupt is disabled (I high), the triggering
edge of the wake-up interrupt sources logical-OR
is internally latched and the interrupt remains
pending to be processed as soon as the interrupt is
enabled. This internal latch is cleared in the first
part of the service routine. Therefore, one and one
only external interrupt can be latched and serviced
as soon as possible.

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

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

Table 4. Interrupt and Reset priorities

When an enabled interrupt occurs, normal proc-
essing is suspended at the end of the current in-
struction execution. it is then serviced according to
the flowchart on Figure 9. Software in the timer
service routine must determine the priority and
cause of the timer interrupt by examining the inter-
rupt flags and the status bits located in the TSR.

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

Refer to 16 BIT TIMER for further information.

Vector Address | Interrupt Source Masked by Priority
1FFEN,1FFFh RESET and POWER-ON (POR) none Highest
1FFCh,1FFDh SOFTWARE Interrupt (TRAP) none
1FFANh,1FFBh EXTERNAL Interrupt (INT) I-Bit
1FF8h,1FFSh TIMER INPUT Capture I-Bit
1FF6h,1FF7h TIMER OUTPUT Compares (1 and 2) I-Bit
1FF4h,1FF5h TIMER OVERFLOW 1-Bit
1FF2h,1FF3h Reserved I-Bit
1FFOh,1FF1h PORTC Wake-up 1-Bit Lowest
Figure 10. Timing Diagram for Interrupt Line
tILIH'
—
N
— iy ———
DI el e
NORMALLY
iNT — —l ,——‘ USED WITH
n WIRE-ORED
CONNECTION
'NT(MCU) _L I——

VR000079
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ST7293

1.9 LOW POWER MODES

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

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

When entering the HALT mode, the | bit in the Con-
dition Code Register and the SM bit in the Miscel-
laneous Register are cleared. Thus, the external
interrupts are allowed and the MCU is placed at its
nominal speed (see CLOCK SYSTEM). All other
registers and memory remain unaltered and all /O
lines remain unchanged.

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

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

L7 SGS-THOMSON
’Is MICROELECTRONICS

WAIT Mode. This mode is a low power consump-
tion mode, but the power consumption is higher
than in the HALT mode. The consumption can be
further reduced by entering the slow mode.

The WFI instruction places the MCU in the WAIT
mode.

In the WAIT mode, the internal clock remains ac-
tive but all CPU processing is stopped; however,
the programmable timer remains in his previous
state. The watchdog can either be active or not ac-
cording to the WATCHDOG DURING WAIT mask
option.

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

All other registers and memory remain unaltered
and all parallel I/0 lines remain unchanged.

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

DATA RETENTION Mode. The contents of RAM
and CPU registers are retained at supply voltage
as low as 2.0 volts. This is referred to as the data
retention mode, where the data is held, but the de-
vice is not guaranteed to operate.

15/18
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LOW POWER MODES (Continued)

Figure 11. HALT Function Flow Chart

Figure 12. WAIT Flow Chart

STOP ]

T

STOP OSCILLATOR
AND ALL CLOCKS
CLEAR I BIT

KP OR PORTB?

RESET ?

YES YES

OSCILLATOR ON
WAIT STABILIZATION
TIME

i

FETCH RESET VECTOR
OR
SERVICE INTERRUPT

VR001768

WAIT

CPU CLOCK STOPPED
(PERIPHERALS
CLOCK ACTIVE)

CLEAR I BIT

RESET ?

YES

RESTART PROCESSOR
CLOCK

!

FETCH RESET VECTOR|
OR

SERVICE INTERRUPT

EXTERNAL
INTERRUPT

PERIPHERAL
INTERRUPT ?

VROA1768
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ST7293

1.10 ORDERING INFORMATION

Ordering Information

Sales Types Memory Type Temperature Range Package
ST7293B1 PDIP28
ST7293M1 3.3KROM -0to + 70°C PSO28
ST7293B8 o PDIP28
ST7293M8 3.3K ROM -25t0 + 85°C PSO28

Ly SGS-THOMSON
Y/, sicrosizcTRONICS
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ST7293 MICROCONTROLLER OPTION LIST

[0y 32T
AArESS: .o e e e
Lo ) - Lo
PhoNE NO: . .o e

SGS-THOMSON Microelectronics references

Package [ 1 Plastic Dualin Line [ 1 Plastic Small Outline
Temperature Range [ ] Oto 70°C [ 1-25t085°C
Software Development [ ] Customer [ 1 SGS-THOMSON

[ ] External Laboratory

For marking one line with 11 characters maximum is possible

Special Marking [ J(yn) “___ ________ " Letters, digits,” .’," =, '/ and spaces only
OPTION LIST:
TIMER CLOCK [ 1 STANDARD (for/4)
[ ] FAST (for/2)
[ 1 SLOW (for/8)
Watchdog ENABLE MODE [ 1 Software Enable [ 1 Auto Enable
Watchdog during WAIT [ ] Active during WAIT mode [ ] Suspend during WAIT mode

Enable Wake-up on PORTC [ ] PORTC 6-bit I/O PORT
[ ] PORTC interrupt Wake-up inputs

Pinout for ICAP (PCO) [ ] ICAP is bonded on pin 18
[ ] PCOis bonded on pin 18

Pinout for OCMP1 (PC1) [ 1 OCMP1 is bonded on pin 17
[ 1 PC1isbonded on pin 17

PORT A Outputs [ 1 Standard push-pull output PORT
[ 1 Open Drain output PORT

SIgNAtUIE . . . o

Date . e e e
18/18 LNy SGS-THOMSON
’le MICROELECTRONICS
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ST7294

8-BIT HCMOS MCUs WITH EEPROM

» 2.5to 5.5V supply operating range

s 4MHz Maximum Clock Frequency

n Fully static operation

» -25 to +85°C Operating Temperature Range
» Run, Wait, Stop and RAM Retention Modes

= User ROM: 6144 bytes
Data RAM: 224 bytes
EEPROM: 256 bytes

= 28 pin Dual In Line and SO plastic packages
= 22 bidirectional I/O lines

s 6 lines programmable as interrupt wake-up
inputs

= 16-bit timer with 1 input capture and 2 output
compares

» 2V RAM retention mode
= Master Reset and power on reset
= Full Hardware Emulator

= User mask options:
- internal clock for timer (+ 2,+ 4,+ 8)
- pinout for ICAP and OCMP1 signals
- enable wake-up function on PORT C
- opendrain on PORT A
- pull-up on PORT A and PORT B
- Watchdog enable/disable after Reset
- Watchdog enable during WAIT mode

= 8-bit data manipulation

= 74 basic instructions

=.10 main addressing modes

= 8x8 unsigned multiply instruction
= true bit manipulation

Complete development support on real time
emulator with PC/DOS

= Full software package (Cross Assembler,
debugger)

October 1993

PRELIMINARY DATA

PSO28

(Ordering Information at the end of the datasheet)

Pin Configuration

Nt g 1 28 [0 Vss
RESET [ 2 270 Vpp
0OSCin [ 3 26 1 PAO
OSCout [ 4 250 PA1
PB7 [ 5 24 ] PA2
PB6 [ 6 23] PA3
PB5 [] 7 221 PA4
PB4 [ 8 21[] PA5
PB3 [ 9 200 PA6
PB2 [} 10 190 PA7
PB1 [ 11 18 ) PCO (ICAP)
PBO [ 12 17 0 PG1 (OCMP1)
PC5 [] 13 16 ] PC2
PC4 [] 14 150 PC3
VRO0A1734

Note 1. This pin is also the VPP input for EPROM based devices

1/53

This 1s Preliminary information from SGS-THOMSON Details are subject to change without notice
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ST7294

1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST7294 is a HCMOS microcontroller unit sumption. The enhanced instruction set and ad-
(MCU) from the ST72 family. It is based around an dressing modes afford real programming poten-
industry standard 8 bit core and offers an en- tial. In addition to standard 8 bit data
hanced instruction set. The processor runs with an management the ST7294 features true bit ma-
external clock at 4 MHz with a 5V supply and 2MHz nipulation, 8x8 unsigned multiplication and indi-
with a 3V supply. Due to the fully static design of rect addressing modes. The device includes an
this device, operation down to DC is possible. Un- on-chip oscillator, CPU, ROM, RAM, EEPROM,
der software control the ST7294 can be placed in 1/0, and one timer with 1 input capture and 2 out-
WAIT or HALT mode thus reducing power con- put compare systems.

Figure 1. ST7294 Block Diagram

oson ——| SO | L o e e e nen
oscouT MODE DIVIDER
INT CONTROL [«—| Loy
ALU g2
HE
(:> TIMER l £3)
e SYSTEM ©
o5& |x|>|<|R ® __
alg|? © a WATCHDOG _l_[}_. RESET
e
o
= ROM T
6144 bytes
(']
a
— RAM —
(9]
a 224 bytes
§ Vbp
< EEPROM POWER
= 256 bytes <:>_ SUPPLY E: Vss
VROD1735
2/53 c— SGS-THOMSON
’Is MICROELECTRONICS
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ST7294

1.2 PIN DESCRIPTION

Vpp. Single power supply voltage 2.5 to 5.5V.
Vss. Ground

0SCin, OSCout. Oscillator input and output pins.
These pins are to be connected to a parallel reso-
nant crystal or ceramic resonator. An external
clock source can also be input through OSCin.

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

INT is the external interrupt signal. Software con-
figuration allows four triggering modes.

ICAP (PCO0). Input capture signal going to the
TIMER system. This signal, according to a mask
option, can be an ICAP pin or PCO pin. When PCO
is defined as ICAP, the internal pull-up resistor is
not connected.

OCMP1 (PC1). Output compare signal coming
from the TIMER system. This output signal, ac-
cording to a mask option, can be an OCMP1
pin(for output compare 1 of the timer) or PC1 pin.
When PC1 is defined as OCMP1, the internal pull-
up resistor is not connected.

Ly SGS-THOMSON
Y. NicrozLzevacwics

PAO-PA7, PB0-PB7, PCO-PC5. These 22 lines
are standard /O lines, programmabile as either in-
put or output.

- PORT A. 8 Standard I/O lines, bit programmable,
accessed through DDRA and DRA Registers. Ac-
cording to a mask option, each output can be de-
fined as a standard push-pull output port or as an
open drain output port. According to another mask
option, a pull-up resistor (250kQ typical at
Vbp=3.5V) can be added on each line when it is
defined as an input.

- PORT B. 8 Standard /O lines bit programmable
accessed through DDRB and DRB Registers. Ac-
cording to a mask option, a pull-up resistor (250kQ
typical at Vpp=3.5V) can be added on each line
when it is defined as an input.

- PORT C. 6 Standard I/O lines accessed through
DDRC and DRC Registers. According to a mask
option, these 6 lines can become 6 falling edge
sensitive interrupt lines all linked to a single inter-
rupt vector or 6 standard input ports tied to Vdd
through an internal pull-up resistor (250kQ typical
at Vop = 3.5V). These negative edge sensitive in-
terrupt lines can wake-up the ST7294 from WAIT
or HALT mode. This feature allows to build low
power applications when the ST7294 can be
waken-up from keyboard push.

3/53
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ST7294

PIN DESCRIPTION (Continued)
Table 1. ST7294 Pin Configuration

Name Function Description Assi::'unment

INT | Interrupt 1

RESET /0 Reset 2
OSCin | Oscillator 3
OSCout o Oscillator 4
PB7 /0 Standard Port (bit programmable) 5
PB6 10 Standard Port (bit programmable) 6
PB5 /0 Standard Port (bit programmable) 7
PB4 /0 Standard Port (bit programmable) 8
PB3 /0 Standard Port (bit programmable) 9
PB2 [/{e] Standard Port (bit programmable) 10
PB1 110 Standard Port (bit programmable) 11
PBO l{e] Standard Port (bit programmable) 12
PC5 l[e} Standard Port (falling edge interrupt line) 13
PC4 [l{e] Standard Port (falling edge interrupt line) 14
PC3 l{e] Standard Port (falling edge interrupt line) 15
PC2 [l{e} Standard Port (falling edge interrupt line) 16
PC1 (OCMP1) 10 Standard Port (falling edge interrupt line) 17
PCO (ICAP) le} Standard Port (falling edge interrupt line) 18
PA7 /0 Standard Port (bit programmable) 19
PA6 110 Standard Port (bit programmable) 20
PA5 110 Standard Port (bit programmable) 21
PA4 /0 Standard Port (bit programmable) 22
PA3 /10 Standard Port (bit programmable) 23
PA2 /10 Standard Port (bit programmable) 24
PA1 110 Standard Port (bit programmable) 25
PAO 110 Standard Port (bit programmable) 26
Voo Power Supply 27
Vss Ground 28

4/53
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ST7294

1.3 CENTRAL PROCESSING UNIT

1.3.1 Introduction

The CPU has a full 8-bit architecture. Six internal
registers allow efficient 8-bit data manipulations.
The CPU is able to execute 74 basic instructions. It
features 10 main addressing modes. It is able to
address 8192 bytes of memory and registers with
its program counter.

1.3.2 CPU Registers

The 6 CPU registers are shown in the program-
ming model in Figure 2. Following an interrupt, the
registers are pushed onto the stack in the order
shown in Figure 3. They are popped from stack in
the reverse order. The Y register is not affected by
these automatic procedures. The interrupt routine
must therefore handle it, if needed, through the
POP and PUSH instructions.

Accumulator (A). The accumulator is an 8-bit
general purpose register used to hold operands
and the results of the arithmetic and logic calcula-
tions as well as data manipulations.

Figure 2. Programming Model

Index Registers (X and Y). These 8-bit registers
are used to create effective addresses or as tem-
porary storage area for data manipulations. The
cross assembler generates a PRECEDE instruc-
tion (PRE) to indicate that the following instruction
refers to the Y register. The Y register is never
automatically stacked. Interrupt routines must
push or pop it by using the POP and PUSH instruc-
tions.

Program Counter (PC). The program counter is a
16-bit register containing the address of the next
instruction to be executed by the CPU. In the
ST7294, only the 13 low order bits are used, bits
13, 14 and 15 are forced to “0”.

Stack Pointer (SP). The stack pointer is a 16-bit
register. The 6 least significant bits contain the ad-
dress of the next free location of the stack. The 10
most significant bits are forced as indicated in Fig-
ure 2. They are reserved for future extension of
ST72 family.

ACCUMULATOR:

X INDEX REGISTER:

Y INDEX REGISTER:

15

7 0
LIITTTTT]
RESET VALUES:

X X X X X X X X

7 0
LLITTTTT]
RESET VALUES:

X X X X X X X X

7 0
LLITTTTT]
RESET VALUES:

X X X X X X X X

7 0

ProGRAMGOUNTER: [ofofol [ [ [ [T T T T T T TTT]

RESET VALUES:
RESET VECTOR (1FFEh:1FFFh)

15 7 0
sTACKPOINTER: | 0] o] ofofofofofof[1[+] [ [ [ | [ |
RESET VALUES:
0000 OOOOTOI®T 1T 1 1 1 11
7 6 5 43 2 10
CONDITION CODE REGISTER: [1]1]1]n] 1| N Z]c]
RESET VALUES:
X = Undefined 11101010

VR0B1767

r SGS-THOMSON
Y/. wicroELECTRONICS
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CENTRAL PROCESSING UNIT (Continued)

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

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

A subroutine call occupies two locations and an in-
terrupt five locations.

1.3.3 Condition Code Register (CC).

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

Figure 3. Stacking Order

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

Interrupt mask (). When the | bit is set to 1, all in-
terrupts are disabled. Clearing this bit enables
them. Interrupts requested while | is set are latched
and can be processed when | is cleared (only one
interrupt request per interrupt enable flag can be
latched).

Negative (N). When set to 1, this bit indicates that
the result of the last arithmetic, logical or data ma-
nipulation is negative (i.e. the most significant bit is
a logic 1).

Zero (Z). When set to 1, this bit indicates that the
result of the last arithmetic, logical or data manipu-
lation is zero.

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

STACK
7 0 (PUSH)
T T T T
1 [ 1 | 1 ‘ CONDITION CODE
INCREASING z ACCUMULATOR e DECREASING
MEMORY =} 2 MEMORY
i X INDEX REGISTER z
ADDRESSES T g ADDRESSES
PCH g
UNSTACK PCL
(POP) VR000074
653 L3y SGS-THOMSON
7’» MICROELECTRONICS
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ST7294

1.4 MEMORY MAP

As shown in Figure 4, the MCU is capable of ad-
dressing 8192 bytes of memory and 1/O registers.
In the ST7294, 6612 of these bytes are user acces-
sible.

The locations consist of 32 bytes of 1/O registers
(only 20 are used), 224 bytes of RAM, 256 bytes of
EEPROM and 6Kbytes of user ROM. The RAM

space includes 64 bytes for the stack from OFFh to
0COh. Programs that only use a small part of the al-
located stack locations for interrupts and/or sub-
routine stacking purpose can use the remaining
bytes as standard RAM locations.

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

Figure 4. Memory Map .
0000h 0000 00h |_PORT A DATA REGISTER 00
/0 and F‘BEG'STERS o 01h [ PORT B DATA REGISTER o1
001Fh 32Bytes 0031 yoe 02h [ PORT C DATA REGISTERINTERRUPTS _| 02
) . 03h 03
0020n | 003z | Egm%ff g;': \.04h [ PORT A DATA DIRECTION REGISTER 04
RAM \ . 05h [ PORT B DATA DIRECTION REGISTER 05
224 Bytes \ No6h.| PORT C DATA DIRECTION REGISTER 06
gggr;: ___________ g}g; \ RESERVED 07h [_EEPROM CONTROL REGISTER 07
\
S S | 08h 08
64 Bytes \ 09h 09
00FFh . 0255\ ["MISCELLANEOUS | “«0Ah 10
0100h 0256 | 1 Byte 08 191
EEPROM 0287 \ ~~och_| MISCELLANEOUS REGISTER 12
256 Bytes 0288 \| RESERVED obh 13
01FFh 0511 \ OEh 14
0200h 0512 \ N OFh 15
l\ 10h 16
\ TIMER 11h 17
4 12 Bytes 12h [ _TIMER CONTROL REGISTER 18
RESERVED \ 13h [__TIMER STATUS REGISTER 19
1280 Bytes \ 14h [ __CAPTURE HIGH REGISTER 1 20
| 15h [ CAPTURE LOW REGISTER 1 21
\  16h | _COMPARE HIGH REGISTER 1 22
" 17h [ COMPARE LOW REGISTER 1 23
\ 18h [ COUNTER HIGH REGISTER 24
06FFh 1791 \ 16h [ __COUNTER LOW REGISTER 25
0700h 1792 \Ah [ _ALTERNATE COUNTER HIGH REGISTER __| 26
1Bh | ALTERNATE COUNTER LOW REGISTER 27
1Ch 28
1Dh 29
1Eh | __COMPARE HIGH REGISTER 2 30
oK USER FOM 1Fh\__COMPARE LOW REGISTER 2 | 31
6144 Bytes 1FFoh’{”_PORT C WAKE-UP (High Byte)
1FF1h | _PORT C WAKE-UP (Low Byte)
~1FFen [ NOT USED
,” 1FFan[_NOT USED
7 1FF4h | TIMER OVERFLOW (High Byte)
ya 1FF5h [ TIMER OVERFLOW (Low Byte)
7 1FFeh [ TIMER OUTPUT COMPARES (High Byte)
i ress o 1FF7h [~ TIMER OUTPUT COMPARES (Low Byte)
1EE L+ % 1FF8h [ TIMER INPUT CAPTURE (High Byte)
7 1FF9h [~ TIMER INPUT CAPTURE (Low Byte)
RZE‘SOEBR;‘/OE"D 7 1FFAh [ EXTERNAL INTERRUPT (INT) (High)
FEFh 8175 7~ 1FFBh [ EXTERNAL INTERRUPT (INT) (Low)
1FFon 3176 1FFCh|[ TRAP INSTRUCTION (High Byte)
USER VECTORS 1FFDh [ TRAP INSTRUCTION (Low  Byte)
1FFFh 16 Bytes 8101 1FFEN [ RESET and POWER ON (POR) (Figh)
_______________ 1FFFh [TRESET and POWER ON (POR) (Low)
VROA1107
L3y 865:THOMSON 758
\Y/. ricronicTRONICE
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1.5 WATCHDOG SYSTEM

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

The watchdog enable mode mask option selects
the state of the watchdog system after an external
or a power-on reset. In the “programmable enable”
option, a reset causes the watchdog to be disabled
and the counter to be forced to zero. When the
watchdog is configured with the “programmable
enable” option, the watchdog system is enabled by
setting the WDOG bit of the Miscellaneous Regis-
ter (OCh). Only an external or a power-on reset can
clear WDOG and disable the watchdog system.

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

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

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

The WATCHDOG DURING WAIT mask option al-
lows to determine the watchdog function during the
WAIT low power mode. In the “active during WAIT”
option, the watchdog is kept active, thus able to re-
set the MCU if it remains in WAIT mode longer than
the watchdog timeout period. In the “suspended
during WAIT” option, it suspends operation during
the WAIT mode and resets its counter. It will then
resume operation when exiting the WAIT mode.

The HALT mode is inhibited when the watchdog
system is enabled. However if a HALT instruction
is executed while it is enabled, a watchdog reset is
immediately generated.

8/53 L7, S6s-THOMSON

1.6 MISCELLANEOUS REGISTER

Miscellaneous Register (000Ch)
Read/Write

Reset Value: 0001 000 (10h)

This register is a various 8-Bit register where only
4bits are used for interrupt, slow mode and Watch-
dog purposes.

7 0
T T[] — [ — [ — [ sw [woog]
b7, b4-b2 = Unused

b6 = INTP: External Interrupt Positive allows to se-
lect the INT line triggering mode in conjunction with
INTN. It can only be modified when the | bit of the
CCRis set.

b5 = ININ :External Interrupt Negative allows to se-
lect the INT line triggering mode in conjunction with
INTP. It can only be modified when the | bit of the
CCRiis set.

b1 = SM: Slow Mode. Setting this bit to “1" enables
Slow Mode, thus reducing power consumption. In
this mode, an extra divider by 16 is added in the
clock circuitry.

b0 = WDOG: Watchdog System. Whatever the
WATCHDOG ENABLE MODE mask option, the
watchdog counter is reset when WDOG is written
at 1. When the MCU is configured with the “pro-
grammable enable” option, the WDOG bit is low af-
ter a reset. It must be set to enable the watchdog
system. Only a reset can clear WDOG.

= MICROELECTRONICS
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1.7 CLOCK SYSTEM

1.7.1 General Description

The MCU accepts either a Crystal/Ceramic resonator
or an external clock to provide the internal oscillator.
The internal clock (fop) is derived by a divide-by-2 from
the external oscillator frequency (fosc).

The slow mode function allows under software control
to further slow down the internal clock, thus reducing
power consumption. This feature is particular useful in
WAIT mode.

The slow mode is entered by setting the SM bit in the
Miscellaneous Register (0Ch). This mode affects all
functions, including timer and EEPROM. The slow
mode is exited by clearing SM or by entering the STOP
mode.

Crystal .The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz crystal resona-
tor in the frequency range specified for fosc. The circuit
shown on Figure 5 is recommended when using a
crystal. The table lists the recommended capacitance
and feedback resistance values.

Use of an external CMOS oscillator is recommended
when crystals outside the specified ranges are to be
used. The crystal and components should be mounted
as close as possible to the input pins to minimize out-
put distortion and startup stabilization time.

Ceramic Resonator. A ceramic resonator may be
used in place of the crystal in low cost applications. The
circuit on Figure 5 is recommended when using a ce-
ramic resonator. The table lists the recommended ca-
pacitance and feedback resistance values. The
manufacturer of the particular ceramic resonator being
considered should be consulted for specific informa-
tion.

External Clock. An external clock should be applied
to the OSCin input with the OSCout pin not connected,
as shown on Figure 6. The toxov and ti.cH specifica-
tions do not apply when using an external clock input.
The equivalent specification of the external clock
source should be used instead of toxov or tiLch.

Figure 5. Crystal/Ceramic Resonator

0SCin

0OSCout

C C

0SCin I 0SCout

VAQOA16

Figure 6. External Clock Source Connections

0SCout

EXTERNAL
CLOCK

VAQOA15

Ly, S5S-THOMSON 9/58
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CLOCK SYSTEM (Continued)

Figure 7. Equivalent Crystal Circuit

Rs  C |,

0OSCin OSCout

VAQ0101

Recommended Settings for Crystal

2MHz 4MHz Unit
Rsmax 400 75 Q
Co 5 7 pF
C 0.008 0.012 pF
Coscin 15-40 15-30 pF
Coscout 15-30 15-25 pF
Rp 10 10 MQ
Q 30 40 10°

Recommended Settings for Ceramic
Resonator

1.8 RESETS AND INTERRUPTS

Resets are used to provide an orderly software
startup procedure or to quit low power modes.

Two reset modes are provided: a power-on reset
and an external reset at pin RESET. The watchdog
reset is considered as an external one though the
watchdog system generates a MCU reset by pull-
ing down the RESET pin.

A summary of the effects of both reset modes on
the different sections of the MCU is given in the fol-
lowing Table. For further information, please refer
to the part describing the particular section.

1.8.1 External Reset

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

As shown in Figure 8, the RESET signal must stay
low for a minimum of one and a half CPU clock cy-
cles. A reset causes the reset vector to be fetched
at addresses 01FFEh and 01FFFh in order to be
loaded into the PC.

The external reset is used by the watchdog system
to reset the MCU. When active, the power-on reset
circuitry pulls down the RESET pin. In both cases,
the RESET pin can be used as an output to reset
other devices. However, the pull down circuitry fea-
tures a current limitation to allow the connection of
any input signal, including from an RC type circuit.

An internal Schmitt trigger at pin RESET improves
noise immunity.

1.8.2 Power-on Reset (POR)

2-AMHz Unit The power-on reset (POR) is generated upon de-
Rswmax 10 Q tection of a positive transition on Vpp (refer to Fig-
Co 40 pF ure 8). It causes the reset vector to be fetched at
addresses 01FFEh and 01FFFh in order to be
Ci 43 pF loaded into the PC.
Coscin 30 pF An internal circuitry provides a 4096 CPU clock cycle
Coscout 30 pF delay from the time the oscillator becomes active. At
the end of the power-on reset, the MCU can be
Re 1-10 MO maintained in the reset condition by the external re-
Q 1250 set. The RESET pin can therefore be used to ensure
Vop has risen to a point where the MCU can properly
operate before running the MCU program.
10/53 .
Ky7, 355 THOMSON
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RESET AND INTERRUPTS (Continued)

During the POR, the RESET pin is pulled low, thus
permitting the MCU to reset other devices.

The power-on reset is strictly used for power up
conditions and should not be used to detect any
drop in the power supply voltage. There is no pro-
vision for a power-down reset.

1.8.3 Interrupts

The ST7294 may be interrupted by one of four dif-
ferent methods: the three maskable hardware in-
terrupts (INT, PORT C, or TIMER) and the
non-maskable software interrupt (TRAP). The In-
terrupt processing flowchart is shown in Figure 9.
The maskable interrupts must be enabled in order
to be serviced. However, disabled interrupts can
be latched and processed when they are enabled.
When an interrupt has to be serviced, the PC, X, A
and CC registers are saved into the stack and the
interrupt mask (I bit of the Condition Code Regis-
ter) is set to prevent additional interrupts. The Y
register is not automatically saved. The stack order
is shown on Figure 3.

The PC is then loaded with the interrupt vector of
the interrupt to service and the interrupt service
routine runs (refer to Table 3 for vector addresses).

it should finish by the IRET instruction which
causes the contents of the registers to be recov-
ered from the stack and normal processing to re-
sume. Note that the | bit is then cleared if and only if
the corresponding bit stored in the stack is zero.

Though many interrupts can be simultaneously
pending, a priority order is defined (see Table 4).
The RESET pin has the highest priority. Then, if
the | bit is low, the decreasing priority order is
TRAP, INT, timer input capture, timer output com-
pare, timer overflow and PORT C. If the | bit is set,
TRAP is the only enabled interrupt.

Interrupts allow the processor to leave low power
modes. Refer to LOW POWER MODES for further
information.

Software Interrupt. The software interrupt is the
TRAP executable instruction. The interrupt is rec-
ognized when the TRAP instruction is executed,
regardless to the | bit state. When the interrupt is
recognized, it is serviced according to the flowchart
on Figure 9.

External Interrupt. The external interrupt is gen-
erated through the INT pin. The interrupt is en-
abled if the | bit of the CCR is cleared.

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

Section

RESET POR WAIT HALT

Timer Prescaler reset to zero

Timer Counter set to FFFCh

All Timer enable bit set to 0 (disable)

Data Direction Redfisters set to 0 (as Inputs)

Set Stack Pointer to 00FFh

Force Internal Address Bus to restart vector 1FFEh, 1FFFh
Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable)
Set Interrupt Mask Bit (I-Bit, CCR) to O (Interrupt Enable)
Reset HALT Latch

Reset INT Latch

Reset WAIT Latch

Disable fop Clock (for 4096 cycles)

Set CPU Clock to 0

Set Timer Clock to 0

SM-Bit cleared

Watchdog counter reset

Watchdog WDOG-BIT reset

EEPROMs control bits reset

X

X X X X X X X X X
X X X X X X X X X X X X X X X X X
p%d '

X X X X

"_ SGS-THOMSON
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RESET AND INTERRUPTS (Continued)

The INTN and INTP bits of the Miscellaneous Reg-
ister (0Ch) allow selection of the interrupt triggering
mode among the 4 available ones. Refer to Table
3 for the triggering mode coding.

In order to avoid conflicts and spurious interrupts,
the external interrupt options can only be changed
when the | bit is set. Any attempt to change the op-
tions while | is reset fails. When the options are
changed any pending interrupt is lost.

When an enabled interrupt occurs, normal proc-
essing is suspended at the end of the current in-
struction execution. It is then processed according
to the flowchart on Figure 9.

If the interrupt is disabled (I high), the triggering
edge of the INT line is internally latched and the in-
terrupt remains pending to be processed as soon
as the interrupt is enabled (the low level sensitive
interrupt is not latched and can therefore not re-
main pending). This internal latch is cleared in the
first part of the service routine. Therefore, one, and
one only, external interrupt can be latched and
serviced as soon as enabled.

Figure 8. Reset Timing Diagram

Figure 10 shows the mode timing diagram for the
interrupt line. Two methods are described. The first
method shows single pulses on the interrupt line
spaced far enough apart to be serviced. The mini-
mum time between pulses is a function of the num-
ber of cycles required to execute the interrupt
service routine plus 21 cycles. Once a pulse oc-
curs, the next pulse should not occur until the MCU
software has exited the routine (an IRET instruc-
tion occurs).

The second configuration shows several interrupt
lines “wire-ORed"” to form the interrupts at the proc-
essor. Thus, if after servicing one interrupt the in-
terrupt line remains low, then the next interrupt is
recognized.

PORTC Interrupt. The PORTC Interrupt can be
generated on the falling edge of one pin PC0-PC5
if it is defined as an interrrupt source. When an en-
abled interrupt occurs, normal processing is sus-
pended at the end of the current instruction
execution. It is then processed according to the
flowchart on Figure 9.

PC

WATCHDOG RESET

EXTERNAL RESET

POWER ON RESET

CPU CLOCK 2222223

N

VROO1171

12/53
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RESET AND INTERRUPTS (Continued)

Table 3. External Interrupt Options

INTP INTN External Interrupt Options
0 0 -Negative edge and Low level sensitive
0 1 Negative edge only
1 0 Positive edge only i
1 1 Positive and negative edge sensitive

Figure 9. Interrupt Processing Flow-Chart

FROM RESET

CLEAR WKP
LATCH

STACK
PC,X,A,CC

SET | BIT

LOAD PC
WITH APPROPRIATE
INTERRUPT VECTOR

EXECUTE INSTRUCTION

Y
FETCH NEXT @

INSTRUCTION
T N
EXECUTE INSTRUCTION

i

VR001172
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RESET AND INTERRUPTS (Continued)

If the interrupt is disabled (I high), the triggering
edge of the wake-up interrupt sources logical-OR
is internally latched and the interrupt remains
pending to be processed as soon as the interrupt is
enabled. This internal latch is cleared in the first
part of the service routine. Therefore, one and one
only external interrupt can be latched and serviced
as soon as possible.

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

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

Table 4. interrupt and Reset priorities

When an enabled interrupt occurs, normal proc-
essing is suspended at the end of the current in-
struction execution. it is then serviced according to
the flowchart on Figure 9. Software in the timer
service routine must determine the priority and
cause of the timer interrupt by examining the inter-
rupt flags and the status bits located in the TSR.

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

Refer to 16 BIT TIMER for further information.

Vector Address | Interrupt Source Masked by Priority
1FFEh,1FFFh RESET and POWER-ON (POR) none Highest
1FFCh,1FFDh SOFTWARE Interrupt (TRAP) none
1FFAh,1FFBh EXTERNAL Interrupt (INT) 1-Bit
1FF8h,1FFSh TIMER INPUT Capture I-Bit
1FF6h,1FF7h TIMER OUTPUT Compares (1 and 2) |-Bit
1FF4h,1FF5h TIMER OVERFLOW I-Bit
1FF2h,1FF3h Reserved I-Bit
1FFOh,1FF1h PORTC Wake-up I-Bit Lowest
Figure 10. Timing Diagram for Interrupt Line
tin
1
—
INT l l ,
 — tie —_—
E T e
NORMALLY
iNT ’— USED WITH
n WIRE-ORED
CONNECTION
INT(MCU) l

VR000079

14/53
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1.9 LOW POWER MODES

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

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

When entering the HALT mode, the | bit in the Con-
dition Code Register and the SM bit in the Miscel-
laneous Register are cleared. Thus, the external
interrupts are allowed and the MCU is placed at its
nominal speed (see CLOCK SYSTEM). All other
registers and memory remain unaltered and all /0
lines remain unchanged.

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

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

/w7 SGS-THOMSON
&Y/, wicromactroxics

WAIT Mode. This mode is a low power consump-
tion mode, but the power consumption is higher
than in the HALT mode. The consumption can be
further reduced by entering the siow mode.

The WFI instruction places the MCU in the WAIT
mode.

In the WAIT mode, the internal clock remains ac-
tive but-all CPU processing is stopped; however,
the programmable timer remains in his previous
state. The watchdog can either be active or not ac-
cording to the WATCHDOG DURING WAIT mask
option.

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

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

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

DATA RETENTION Mode. The contents of RAM
and CPU registers are retained at supply voltage
as low as 2.0 volts. This is referred to as the data
retention mode, where the data is held, but the de-
vice is not guaranteed to operate.

15/53
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LOW POWER MODES (Continued)

Figure 11. HALT Function Flow Chart

Figure 12. WAIT Flow Chart

‘ sTop J

!

STOP OSCILLATOR
AND ALL CLOCKS
CLEAR I BIT

RESET ?

EXTERNAL
INTERRUPT
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YES

OSCILLATOR ON
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FETCH RESET VECTOR
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SERVICE INTERRUPT

VR001768

WAIT

CPU CLOCK STOPPED
(PERIPHERALS
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RESET ?
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|
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2 FUNCTIONS DESCRIPTION

2.1 EEPROM

An internal charge pump avoids the need of exter-
nal high voltage supply for the erase and program-
ming functions.

8 data registers allow simultaneous write or erase
of 1 to 8 bytes in the EEPROM array.

2.1.1 Functional Description

As shown on Figure 22, the EEPROM is a 8 col-
umns by 32 rows array. The row is selected by the
A7, A6, A5, A4, A3 bits. Each column is associated
to an 8-bit data register.

Read Operation (E2LAT=0).

The EEPROM can be read as a normal ROM when
the E2LAT bit of the Control Register is low. When

E2LAT is low, the E2PGM and E2ERA bits are
forced low.

Figure 13. EEPROM Block Diagram

Write/Erase Operation. (E2LAT=1)

When E2LAT is set to “1”, a write to an EEPROM
location latches the data in the 8-bit register corre-
sponding to the decoded column and marks the
decoded row.

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

To erase bytes, set the E2LAT and E2ERA bits,
then write to the EEPROM addresses to be erased
(data value is not significant) and at least set the
E2PGM bit to turn the charge pump on.

To write bytes, set the E2LAT bit, then write the
data in the appropriate EEPROM addresses, and
at least set the E2PGM bit to turn the charge
pump on.

37, SGS-THOMSON
’I@ MICROELECTRONICS

HIGH VOLTAGE PUMP
EEPROM CONTROL REGISTER | ~
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EEPROM (Continued)

Note 1. It is mandatory to erase bytes before writ-
ting them.

Note 2. E2LAT must be kept high during a time
tprog and then be cleared .

Note 3. When E2LAT is high, access to the
EEPROM array is impossible.

Note 4. It is impossible to perform successives
write or erase without clearing E2LAT.

Warning. User programs must not run from the
EEPROM (only data space).

EEPROM CONTROL REGISTER (07h)

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

7 0
| Ros | Res | Res | — | — [esema|eatar E2PGM|

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

Bit 7, 6, 5 = Reserved
Bit 4,3 = Unused

18/53
186
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Bit 2 = E2ERA EEPROM Erase

E2ERA must be set to “1" for an erase operation. It
must be set after or at the same time as E2LAT. It
cannot be changed once 1 EEPROM address is
selected. It is held low when E2LAT is low. It is
therefore automatically reset when E2LAT is reset.

Bit 1 = E2LAT EEPROM Latch Enable

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

Bit 0 = E2PGM EEPROM Program Mode

This bit allows to switch on or off the internal
charge pump. When set to “1", the charge pump
generator is on: the high voltage is applied to the
EEPROM array. When low, the charge pump gen-
erator is off. E2PGM can only be reset by resetting
E2LAT.
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2.2 I/0 PORTS

2.2.1 Functional Description

Ports A, B are 8-bit /O ports, port C is a 6-bit I/O port.
Each of their pins can be individually configured un-
der software control as either input or output.

Each bit of any DDR corresponds to an I/O pin of
the associated port. A bit must be set to configure
its associated pin as output and must be cleared to
configure its associated pin as input. The Data Di-
rection Registers can be written or read.

The typical I/O circuit is shown on Figure 14. Any
write to an /0 port updates the port output register
even if it is configured as input. Any read of an I/0
port returns either the data latched in the port out-
put register (output configured pins) or the value at
the I/O pin (input configured pins) (see Table 6).

At power-on or external reset, all DDR’s are
cleared, which configures all port A, B and C pins
as inputs, but the port output registers are not in-
itialized. Thus, the 1/0 port should be written to be-
fore setting the DDR bit to avoid undefined levels.

Figure 14. /0O Pin Typical Circuit

According to mask option, each Port A bit can be
defined as an Input/Output line or as an Input/Out-
put drain line. When programmed as input, each
port line may be tied to Vpp through an internal
pull-up resistor (by option).

According to mask option, each PORT B bit can be
tied to Vpp through an internal pull-up resistor if de-
fined as input.

According to mask option, each PORT C bit can be
configured as wake-up interrupt input with an inter-
nal pull-up resistor. To enter this mode, the corre-
sponding bit in DDR must be set to 1 and the
corresponding bit in DR must be set to 0.

This mode can only be reached for PCO and PC1 if
they have not been configured as ICAP or OCMP1
respectively.

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

Lyy SGS-THOMSON
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DATA DIRECTION
-~ REGISTER
BIT
INTERNAL LATCHED Vo
—=|  OUTPUT DATA OUTPUT o
CONNECTIONS BIT
INPUT
REG.
1 BIT
INPUT
e}
TYPICAL PORT 7 6 5 4 3 2 1 0
DATA DIRECTION | DDR7| DDRe] DDR 5 | DDR 4 [ DDRSI DDR 2 | DDR 1 | DDR 0
reeieTER L rr - rrr 11 |
TYPICAL PORT l
REGISTER 1I|11‘1|I|1|I
PN  p7 P6 P5 P4 P33 P2 P41 PO
VR000084
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1/0 PORTS (Continued)

Table 6. I/0 Pin Functions

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

1

The I/0 pin is in an output mode. The output data latch is read.

* R/W is an internal signal

DATA REGISTERS DATA DIRECTION REGISTERS
Port A: 00h Port A: 04h

Port B: 01h |I;ort g: 05;11

Port C: 03h ort C: 06

Read/Write Read/Write

Reset Value: Undefined Reset Value: 00h (as inputs)

7 0 7 0
[wes| | L[ Jwf [we] [ | | [ | [us]
20/53 "
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2.3 16 BIT TIMER

The 16-bit programmable timer consists of a 16-bit
free running counter driven by a mask option con-
figurable prescaler and control logic for one input
capture and two output compare registers. It can
be used for many purposes including pulse length
measurement of one input signal and generation of
one output waveform.

Pulse lengths and waveform periods can vary from
several microseconds to many seconds because
of the mask option configurable prescaler. When
used with a 4MHz CPU clock, the timer has a reso-
lution of either 0.5, 1 or 2ms according to the se-
lected TIMER CLOCK mask option.

Because the timer has a 16-bit architecture, each
of its specific function block is represented by two
registers. These registers contain the high order
byte and low order byte of that function. However
an access to the high order byte inhibits that spe-
cific timer capability until the low order byte is also
accessed.

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

The timer block diagram is shown on Figure 14:
Table 7. Timer Clock Mask Options

Option Timer P:y*m':? 1d)il'ected
Slow 8

Standard 4
Fast 2

Note 1 : The timer clock is obtained by dividing the internal clock by
the prescaler ratio.

2.3.1 Functional Description

Counter. The key element of the programmable
timer is a 16-bit free running counter or counter
register. It is preceded by a prescaler which divides
the internal clock by two, four or eight according to
the selected TIMER CLOCK mask option (see Ta-
ble 7).

Software can read the counter at any time without
affecting its value. It can be read from two loca-
tions, the Counter Register (0018h, 0019h) and Al-
ternate Counter Register (001Ah, 001Bh). The
only difference between these two read-only regis-
ters is the way the overflow flag TOF is handled
during a read sequence.

[OTR - Al

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

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

As shown on Figures 16, 17 and 18, the free run-
ning counter is configured to FFFCh during reset.
During a power-on reset (POR), the counter is also
configured to FFFCh and begins running after the
oscillator startup delay.

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

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

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

The value in the counter registers repeats every
either 131072, 262144, or 524288 internal proces-
sor clock cycles according to the TIMER CLOCK
option. As shown on Figures 16, 17 and 18, the
counter increment is triggered by a falling edge of
the CPU clock.

21/53
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16 BIT TIMER (Continued)
Figure 15. Timer Block Diagram
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16 BIT TIMER (Continued)
Figure 16. Timer Timing Diagram, Fast Mask Option
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Figure 17. Timer Timing Diagram, Standard Mask Option
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16 BIT TIMER (Continued)

Figure 18. Timer Timing Diagram, Slow Mask Option
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The timer is not affected by the WAIT mode. In the
HALT mode, the counter stops counting until the
mode is exited. Counting then resumes from pre-
vious count (MCU awaken by an interrupt) or from
reset count (MCU awaken by a reset).

Input Capture. The ST7294 features one input
capture register and one input capture interrupt en-
able bit.

Input Capture Register (ICR1) is a 16-bit register
made up of two 8-bit registers: the most significant
byte register (ICHR1), located at 014h, and the
least significant byte register (ICLR1) located at
015h.

ICR1 is a read-only register used to latch the value
of the free running counter after a defined transi-
tion is sensed by the input capture edge detector at
pin ICAP. This transition is software programmable
through the IEDG1 bit of the Timer Control Regis-
ter (TCR). When IEDGH is set, a rising edge trig-
gers the capture; when IEDG1 is low, the capture is
triggered by a falling edge.

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

24/53
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The result stored in ICR1 is one more than the
value of the free running counter on the rising edge
of the internal processor clock preceding the active
transition at pin ICAP (see Figure 19). This delay is
required for internal synchronization. Therefore,
the timing resolution of the input capture system is
one count of the free running counter, i.e. 2, 4 or 8
internal clock cycles according to the selected
TIMER CLOCK mask option.

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

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

A read of ICLR1 does not inhibit the counter trans-
fer. Again, minimum pulse periods are the ones
which allow software to read the least significant
byte and perform needed operations. There is no
conflict between the read of ICR1 and the running
counter transfer since they occur on opposite
edges of the internal processor clock (see Fig-
ure 19).
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16 BIT TIMER (Continued)

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

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

Output Compare. There are two output compare
registers: Output Compare Register 1 and 2
(OCR1 and OCR2). They can be used for several

Figure 19. Input Capture Timing Diagram

purposes such as controlling an output waveform
or indicating when a period of time has elapsed.
OCMP1 pin is associated with output compare 1;
no pin is associated with output compare 2.

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

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

CPU CLOCK

1

T10

TIMER INTERNAL
CLOCKS

T

COUNTER
REGISTER Froth X

ICAP PIN

FFO2h X FFOI:‘)h X
.

(see note)

ICAP FLAG

I
|
|
]
|
|
|
I
I
1

—

ICAP REGISTER

I
|
I
I
X FFO3h
1

VR001180

Note . The diagram represents the case of a rising edge sensttivity (IEDG1=1). The capture is performed at the next rising edge of T11, if the
action edge of ICAP happened before the previous T10 falling edge
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16 BIT TIMER (Continued)

The content of OCR1 is compared with the content
of the free running counter once during every timer
clock cycles, i.e. once every 8, 4 or 2 internal proc-
essor clock periods according to the TIMER
CLOCK mask option. If match is found, the Output
Compare Flag OCF1 of the TSRiis set and the Out-
put Level bit (OLVL1) of the TCR is clocked to the
OCMP1 pin (see output compare timing diagram
on Figures 19, 20, 21 ).

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

An interrupt accompanies a successful output
compare if the corresponding interrupt enable bit
OCIE of the TCR is set, provided the I-bit of the
CCR is cleared. Otherwise, the interrupt remains
pending until both conditions are true. It is cleared
by a read of TSR followed by an access to the LSB
of the OCR1.

After a processor write cycle to the OCHR1 regis-

ter, the output compare function is inhibited until
the OCLR1 is also written. Thus, the user must

write both bytes if the MSB is written first. A write
made to only the LSB will not inhibit the compare
function. The minimum time between two succes-
sive edges on the OCMP1 pin is a function of the
software program and the selected TIMER CLOCK
option mask.

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

Write to OCHR1 (further compares are inhibited).
Read the TSR (first step of the clearance of OCF1
[it may be already set]).

Write to OCLR1 (enables the output compare func-
tion and clears OCF1).

Output Compare Register 2. The Output Com-
pare Register 2 (OCR2) is a 16-bit register, which
is made up of two 8-bit registers: the most signifi-
cant byte register (OCHR2) at address 001Eh and

Figure 20. Ouput Compare Timing Diagram Slow Mask Option
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(Note 1)
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—
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Note 1 The CPU write to the compare registers may take place at any time but a compare only occurs at timer state TO1 Thus an 8-cycle
difference may exist between the write to the compare register and the actual compare
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16 BIT TIMER (Continued)
Figure 21. Output Compare Timing Diagram Standard Mask option
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Note 1: The CPU write to the compare registers may take place at any time but a compare only occurs at timer state TO1 Thus a 4-cycle differ-
ence may exist between the write to the compare register and the actual compare.

Figure 22. Output Compare Timing Diagram Fast Mask Option
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Note 1: The CPU write to the compare registers may take place at any time but a compare only occurs at timer state T11. Thus a 2-cycle differ-
ence may exist between the write to the compare register and the actual compare.
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16 BIT TIMER (Continued)

the least significant byte register (OCLR2) at ad-
dress 001Fh.

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

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

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

2.3.2 Timer Registers
TIMER CONTROL REGISTER (0012h)

Read/Write
Reset Value: 0000 00X0 (00h or 02h)

The TCRis an 8 bit read/write register. Its eight bits
are defined as follow:

7 0
l ICIE |OCIE | TOIE| — IFOLV1I — |IEDG1‘OLVL1J

Bit 7 = ICIE Input Capture Interrupt Enable

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

Bit 6 = OCIE Output Compare Interrupt Enable

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

Bit 5 = TOIE Timer Overflow Interrupt Enable

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

Bit 4 = Unused

Bit 3 = FOLV1 Force Output Compare 1

When written to 1, FOLV1 forces OLVL1 to be cop-
ied to the OCMP1 pin. FOLV1 has no effect other-
wise. It can only be reset by a system reset.

Bit 2 = Unused

Bit 1 = IEDG1 Input Edge 1
The value of the IEDG1 determines which level
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transition on pin ICAP will trigger a free running
counter transfer to the ICR1. When IEDG1 is high,
a rising edge triggers the capture since when low,
a falling edge does.

Bit 0 = OLVL1 Output Level 1
The OLVL1 bit is copied to the OCMP1 pin when-
ever a successful comparison occurs at OCR1.

TIMER STATUS REGISTER (0013h)

Read Only
Reset Value: Undefined

The Timer Status Register (TSR) is an 8-bit regis-
ter of which the five most significant bits contain
read-only status information and the three least
significant bits are not used.

7 0
[ICF1 |OCF1]TOF‘ — IOCF2| - l — I —J

Bit 7 = ICF1 Input Capture Flag 1

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

Bit 6 = OCF1 Output Compare Flag 1

OCF1 is set when the content of the free running
counter matches the content of OCRA1. ltis cleared
by a processor access of TSR while OCF1 is set
followed by an access (read or write) to the low
byte of OCR1.

Bit 5 = TOF Timer Overflow

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

Bit 4 = Unused

Bit 3 = OCF2 Output Compare Flag 2

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

Bit 2, 1, 0 = Unused.

MICROELECTRONICS
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3 SOFTWARE AND CHARACTERISTICS

3.1 SOFTWARE DESCRIPTION

3.1.1 Instruction Set

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

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

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

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

The list of the instructions of this group is given in
Table 8.

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

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

The list of the instructions of this group is given in
Table 9.

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

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

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

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

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

LS7 SGS-THOMSON
’lo MICROELECTRONICS

Group 4 : PC-Relative Jump Group These in-
structions execute a PC-relative jump (8-bit dis-
placement) depending on the state of the flag bits
inside the condition code register (H, I, N, Z, C
flags).

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

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

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

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

The list of the instructions of this group is given in
Table 12.

3.1.2 Addressing Modes

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

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

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

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

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

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

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

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

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

Table 8. Source Coding

The pre-bytes are :

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

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

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

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

Addressing Mode Source Coding Example
Immediate #nn LD a, #0Ah
Direct ad8 LD a, 0Ah
Extended ad16 LD a, 10EAh
Indexed no offset (iX) LD a, (X)
Indexed 8 bit offset (d8, iX) LD a, (1Bh,Y)
Indexed 16 bit offset (d16,1X) LD a, (100Ah, X)
Memory indirect short [ad8] LD a, [1Bh]
Memory indirect long [ad16] LD a, [100Ah]
Memory indirect short indexed ([ad8], iX) LD a, ([1Bh], X)
Memory indirect long indexed ([ad16], iX) LD a, ([100Ah], Y)
Table 9. Table of Symbols
a Accumulator nn 8 bitimmediate value
iX Index register (either X o r'Y) ads 8 bit address

Xindex register ad16 16 bit address

Y index register d8 8 bit signed offset

Stack pointer d16 16 bit signed offset

CC Condition code register ee 8 bit PC relative displacement
<ea> Effective address b 3 bit number
2= &57. 350NN
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SOFTWARE DESCRIPTION (Continued)

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

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

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

Direct Modes

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

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

Indexed Modes

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

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

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

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

Ly7 SGS-THOMSON
Y/. MicrokLscTRONICS

Indirect Modes

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

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

Indirect Indexed Modes

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

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

Relative Modes

Simple Relative. The relative addressing mode is
used for branch instruction (e.9. Branch on bit,
Branch on condition, Branch subroutine). The
branch address (new value of PC) is calculated by
adding a displacement given by the 8-bit signed
byte following the op-code value to the actual con-
tent of the PC. This means that the variation of PC
value is in the range -126 to +129 from the op-code
address (the offset value can be calculated by the
assembler).

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

31/53
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SOFTWARE DESCRIPTION (Continued)
Direct Bit Modes

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

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

32/53 ‘ﬂ SGS-THOMSON

Indirect Bit Modes

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

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

» MICROELECTRONICS
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SOFTWARE DESCRIPTION (Continued)

Example
ADDRESSING MODES
FUNCTION SOURCE CODING
Immediate
Load a with memory 1D a,<ea > 2 A6 2

|

| # Bytes | OP-Code | # Cycles |
Table 10. Register/Memory and Absolute Jump Group
ADDRESSING MODE
FUNCTION SOURCE CODE

Immediate Direct Extended | Index 0 Index8 | Index 16
Load Awithmemory | LD a,<ea> 2 A62 2B6°% | 3C6° 1Fe? 2 E6* 3 D6
Load iX with memory | LD iX, <ea> 2 AE? 2BE® | 3CE* | FE?® 2 EE* 3 DES
Load memory withA | LD <ea>, a — 2 B74 3C78 1 F7 4 2 E7° 3 D78
Load memory withiX | LD <ea>,ix — 2 BF * 3CF S5 1 FF 4 2 EF® 3 DF ¢
Add memory to A ADD a,<ea> 2AB2 | ,BB% | cB* | {FB? 2 EB* aDBS
pdamemoryandcamy | apc a,<ea> | 2A9% | 2B9° | 5COt | 1F9 | pE9* | 5Do®
Subtract memoryto A | SUB a, <ea> 2 A0 2 2Bo?® 3 Co* 1Fo 3 2 E0* 3Do S’
f::’r;’ac" memorywith | spe a,<ea> | 2A22 | 2B2° | sC24 | 1F2° | ,E2* | aD2°
And memory to A AND a,<ea> 2 A4 2 2B43 3Ca* 1 Fa8 2 E4* 3 D4’
Or memory with A OR a,<ea> 2AAZ | 2BA® | sCA* | {FA® | EA* | 3DAS®
Exclusive OR XOR a,<ea> 2A82 | B8 | ;c8% | ;F83 2 E8* 2 D8®
Arithmetic Compare A | cp a, <ea> 2A12 | 2B1% | 3c1* | (F18 2E1* | 3D1°
Arithmetic Compare iX | cp ix, <ea> 2A3 2 2B3® | 3C3° 1 F33 2 E3* 3D3°
‘::L?g‘ypa’e"a"d BCP a,<ea> | 2A52 | 2B5°% | 505 | (F5° | ,E5* | 4D5°
Absolute Jump Jp <ea> — 2BCc?2 | scc® | 1FC2 | ,EC® | 3DC*
Call subroutine CALL <ea> — .BD® | acD® | {FD?® 2 ED® aDD’

Ly SGS-THOMSON 33/58
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SOFTWARE DESCRIPTION (Continued)
Table 11. Read - Modify - Write Group

SOURCE ADDRESSING MODE
FUNCTION CODE Inh Inh Direct Memory Index Index Index
a iX Direct 0 +d8 +[ad8]
Increment INC <ea> | 14C3 15C3 23C% | 3923C7 17C% 26C°% | 3926C°
(Y index) 2905C * 3913C7 | 2907C° | ;906C7 | 3916C®
Decrement DEC <ea> | 14A°% 15A8 23A5 | 3923A7 17A5 26A8 3926A8
(Y index) 2905A * 2907A% | 3906A7 | 3916A%
Clear CILR <ea> | 14F3 15F3 23F5 | 3923F7 17F5 26F8 2926F 8
(Y index) 2 905F * 2907F8 | 3906F7 | ;916F®
82:;:|emem CPL <ea> | 143° 153% | 233°% | j92337 1735 263° | 392638
(Y index) 29053 4 29073% | 590637 | 39163°
g?gi;;plemem) NEG <ea> | 1403 1503 230°% | 392307 1705 260°8 392608
(Y index) 29050 ¢ 29070% | 390607 | 39160°
fr:?;agalr-;ﬁ RIC <ea> | 149% | 159° | ,395 | ;92397 | 795 2695 | 392698
(Y index) 29059 * 29079% | ;90697 | 39169°
m‘f&ﬁ?m RRC <ea> | 146% | 156% | 2365 | 292367 | 176° 2665 | 59266°
(Y index) 29056 * 29076°% | 290667 | 39166°
Shift Left Logical ~ |SLL <ea> | 1482 1583 238°% | 392387 178° 268° 39268°
(Y index) 29058 * 29078° | ;90687 | 39168°
Shift Right Logical [SRL <ea> | 1442 1542 234% | 392347 1745 26458 392648
(Y index) 29054 4 290748 | ;90647 | 391648
f\ﬁiﬁnﬁiﬁc SIA <ea> | 148% | 1583 | ,38° | 92387 | ,78° 268° | 39268°
(Y index) 29058 # 290788 | ;00687 | ;91688
ﬁ:{ﬁgg;‘ SRA <ea> | 1473 | 157% | ,37% | so2377 | 77° 267° | s9267°
(Y index) 2900574 290778 | 390677 | 391678
Lzsgtaftci)\:e orZero |TNZ <ea> | 14D ° 15D° 23D* | 3923D° 17D 26D° 3926D7
(Y index) 2905D * 2907D% | 5906D® | 3916D7
Swap Nibbles SWAP <ea>| 14E3 15E3 23E5 | 3923E7 17E5 26E® 3926E 8
(Y index) 2 905E 4 2907E® | 3906E7 | 3916E®
34/53
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SOFTWARE DESCRIPTION (Continued)
Table 12. Bit Manipulation And Test Group

57

FUNCTION SOURCE CODE ADDRESSING MODES
Relative Indirect Relative
Bit Set BSET < ea > , # b 2 (1042'b) 5 3 92(10+2%b) 7
Bit Reset BRES < ea >, # b 2 (11+2'b) ° s 92(10+2*0) 7
Bit Test and Jump if True BTJT < ea > , # b, ee| 3(00+2')° 4 92(00+2°b) 7
Bit Test and Jump if False BTJF < ea >, # b, ee| 3(0142'b)° 4 92(01+2*) 7
Table 13. PC-Relative Jump Group
FUNCTION SOURCE CODE ADDRESSING MODES
Relative Indirect Relative
Jump Relative True JRT ce 220° 39220 °
(Jump Relative always) JRA ce 220° 39220 °
Jump Relative False JRF ce 2213 39221 °
;J:an:lp Relative if Unsigned Greater JRUGT ee , 203 59222 5
.é:r:gl Relative if Unsigned Lower or JRULE ce ,232 59223 5
Jump Relative if No Carry JRNC ce 2242 39224 °
‘IJE:TEI Relative if Unsigned Greater or | jruge ce 2243 59224 5
Jump Relative if Carry JRC ce 225° 39225 5
Jump Relative if Unsigned Lower than | syt ce 225° 39225 5
Jump Relative if Not Equal JRNE ce 226° 39226 °
Jump Relative if Equal JREQ ce 2278 39227 8
Jump Relative if Half Carry JRH ce 228° 39228 °
Jump Relative if Not Half Carry JRNH ce 2298 39229 °
Jump Relative if Plus JRPL ce 22A° 3 922A °
Jump Relative if Minus JRMI ce 228 ° 39228 °
Jump Relative if Not Interrupt Mask | 7rxM ce 22C 3 3922C °
Jump Relative if Interrupt Mask JRM ce 22D 3 3 922D °
Jump Relative if Interrupt Line Low JRIL ce 22E° 3 922E °
Jump Relative if Interrupt Line High JRIH ce 22F ® 3 922F 5
Call Subroutine Relative CALLR ce 2 AD ® 3 92AD ®
SGS-THOMSON 35/53
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SOFTWARE DESCRIPTION (Continued)

Table 14. Miscellaneous Group

FUNCTION SOURCE CODE XiNDEX
Multiply (iX, A = iX * A) MUL iX,a 142 M
Load iX with acc. a content 1D iX, a 197 2
Load a with iX content D a, ix 1 9F 2
Load Stack p. with acc. a content LD S,a 1952
Load acc. a with Stack p. content LD a,s 1 9E 2
Load Stack p. with iX content D S, ixX 1942
Load iX with Stack p. content 1D iX, s 1962
Load X // with Y // content D X,Y 19372
Load Y // with X // content .D Y, X —
Push acc. a onto the Stack PUSH A 1888
Pop acc. a from the Stack POP A 184%
Push iX onto the stack PUSH ix 189°
Pop iX from the Stack pPOP iX 185%
Push Condition Codes onto the Stack PUSH cc 18A°
Pop Condition Codes from the Stack POP cc 1 86%
Reset Carry Flag RCF 1982
Set Carry Flag SCF 199 2
Reset Interrupt Mask RIM 19A2
Set Interrupt Mask SIM 19B %
Reset Stack Pointer RSP 19C 2
No Operation NOP 19D 2
Interrupt Routine Return IRET 180 °
Subroutine Return RET 1818
Software Trap TRAP 18310
Halt HALT 1 8E 2
Wart For Interrupt WET , 8F 2
22 K7, SEETHoNESY
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3.2 ELECTRICAL CHARACTERISTICS

Power considerations

Ty, the average chip-junction temperature in Cel-

sius can be calculated from the following equation:
Tu=Ta+(Pox6Ja) (1

Where:

- Tais the Ambient Temperature in °C,

- 0Ja ithe Package Thermal Resistance,
Junction-to-Ambient in °C/W,

- Pp the sum of PinT and Po,

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

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

Thermal Characteristics

For most applications Pyo < Pint and can be ne-
glected .

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

An approximate relationship between Pp and T, (if
Pyo is neglected) is:

Pp = K+ (Ty + 273°C) 2)
Therefore : -
K=Ppx (Ta+273°C) +8Jax Pp®> (3)

Where K is constant pertaining to the particular
part, K can be determined from equation (3) by
measuring Pp (at equilibrium) for a kwon Ta. Using
this value of K, the values of Pp and T, can be ob-
tained by solving equations (1) and (2) iteratively
for any value of Ta.

Symbol Characteristics Value Unit
Thermal Resistance
| poms % oW
Equivalent Test Load Test Diagram
Vpp =3V

Pins R1 R2 c B Voo
PAO-PA7 10.91kQ 6.32kW 50pF
PBO-PB7 10.91kQ 6.32kW 50pF ?szee Table)
PCO-PC5 | 10.91kQ 6.32kW 50pF TEST POINT [

Vpp = 4.5V [ R1
(see Table) (see Table)

Pins R1 R2 Cc
PAO-PA7 3.26kQ 2.38kW 50pF - VR001769
PBO-PB7 3.26kQ 2.38kW 50pF
PC0-PC5 3.26kQ 2.38kW 50pF

Ly SGS-THOMSON
Y/, siicrosLECTROMCS
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AC Electrical Characteristics

lLoap =200pA

Value
Symbol Parameter Test Conditions Unit
Min Typ. Max.
Vop Operating Supply Voltage | RUN Mode 25
HALT Mode 2.0 55 v
EEPROM Write 3.0 ’
EEPROM Read 25
Ioo Supply Current (" RUN Mode
Vpp=5V,fosc=4MHz 1.8 25 mA
Vpp=2.5V,fosc=1MHz 0.4 mA
Vpp=3.5V,fosc=455KHz 0.7 mA
WAIT Mode
Vpp=5V,fosc=4MHz 0.9 1.5 mA
Vpp=2.5V,fosc=1MHz 200 LA
Vpp=3.5V,fosc=455KHz 500 pA
EEPROM Programming
Vpp=5V,fosc=4MHz 2.5 mA
Vpp=3.5V,fosc=455KHz 0.5 mA
HALT Mode
Vpp=5V,Ta=70°C 1 10 pA
VoL Ouput Low Voltage Port A, B - Open Drain 0.1xVpp \

Note 1 Measured with a quartz for the 1 or 4MHz Frequency or with a ceramic resonator for 455KHz Frequency

38/53
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DC Electrical Characteristics

(Vob = 5.0V+10%, Vss = 0V, Ta = operating temperature range, unless otherwise noted)

ﬁ SGS-THOMSON

s MICROELECTRONICS

Symbol Test Conditions Min. Typ. Max. | Unit
VoL Output Voltage, Load < 10.0pA 0.1 \"
Vo Vpp-0.1 v

Output High Voltage
Vo I LOAD = 0.8mA, PA0-PA7,PBO-PB7,PCO-PC5 Vpp-0.8 Vv
VoL Output Low Voltage \
(ILOAD = 1.6 mA) PAO-PA7,PB0-PBS5,PCO-PC5,RESET 0.4
Vi Input High Voltage
PAO-PA7,PBO-PB7,PCO-PCS,INT,RESET 0.7xVop Voo v
Vie Input Low Voltage
PA0-PA7,PB0-PB7,PCO-PC5,INT, RESET Vss 0.2xVpp | V
Vam Data Retention Mode (0 to 70°C) 2 \
[ 1/O Ports Hi-Z Leakage Current pA
PA0-PA7,PBO-PB7,PCO-PC5 +10
Iin Input Current :RESET, INT, ICAP +1 pA
Cout Capacitance : Ports (as Input or Output) 12 pF
Cwn | RESET,INT, ICAP 8 pF
39/53
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Control Timing .

" Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
fosc Frequency of Operation | Vpp=5V DC 4
Vpp=3V DC 2 MHz
Vpp=2.5V DC 1
tiLcH HALT Mode Recovery Ceramic resonator 20 ms
Startup Time
tRL External RESET Input 15 ‘
Pulse Width . cove
tPORL Power RESET Ouput 4096 teyc
4 Watchdog RESET 15 1
DOGL Output Pulse Width i cve
tooc Watchdog Time-out 6144 7168 teye
EEPROM Programming
tPROG | Time (010 70) 2 8 ms
Interrupt Pulse Width
tLuH INT 125 ns
PORTC 125
ti Interrupt Pulse Period (1) teve
toor Power up rise time VbDmin 100 ms
Note 1 TheI minimum period tILIL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21
cycles.
40/53 ‘_ SGS-THOMSON
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3.3 PACKAGE MECHANICAL DATA

Figure 23. 28-Plastic Dual In line Package, 600-Mil Width

E1
Dim. mm inches
Min_| Typ | Max | Min | Typ | Max
| A A |22 48 [0086 0189
At L Al_| 051 177 0.010 0069
B_|038 058 [0015 0023
et Bl [097 1.52 [0055 0065
c |02 03 [0.008 0009
D1 D _|3506 36.22]1.400 1425
Dt | - | - -1 -1-1-
E 163 0.641
N ;o Ef 129 0508
ki | - | - | - [ - [ -1-
K1 ,/ '/ K2 | - _ _ _ _ _
_5/_____/ /_______ L 318 444 [ 125 0.174
[ el 254 010 )
/ / Number of Pins
_ N )
1 ! N/2 VR001725
Figure 24. 28-Lead Small Outline Plastic, 300-Mil Width
L h
—} fe—
h
[ J'll Illl 1 _-I- Dim. mm ._inches
A Min | Typ [ Max | Min | Typ | Max
/——U—U—U{ 1 : ='g A_| 205 255 [0.081 0.10
B e | [1a1 % Al | 01 03 0004 0118
D1 b1 E2 E2 B |03 0.49 [ 0138 0192
— D E1 C |02 032 0091 0125
£ D | 177 181 | .6969 7125
D1 | - | - -1-1-1-+-
N E _[100 10.65]0.394 0.419
nn/l ononan /L0 El [ 740 760 | 2914 2992
1" " E2 - - = — - —
// // L o4 127 [0016 0.050
I I e 127 005
o | = 1 -1 <1 -1-1-
// // Number of Pins
\—u—n—- N 28
1 :‘ N/2 VR001726
LNy SGS-THOMSON 41/53
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3.4 ORDERING INFORMATION

Ordering Information Table

- Sales Types Memory Type Temperature Range Package
ST7294B1 PDIP28
ST7294M1 6K ROM 010 +70°C PSO28
ST7294B8 . PDIP28
ST7204M8 6K ROM 2510 +85°C PSO28

42/53 [Ny SGS-THOMSON
’Io MICROELECTRONICS
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S$T7294 MICROCONTROLLER OPTION LIST
(070153 (o 13 1=

ADAreSS: ..o e
L0 o 1 - U]

SGS-THOMSON Microelectronics references

Package [ ] Plastic Dual in Line [ ] Plastic Small Outline
Temperature Range [ ] 0to 70°C [ 1-25t085°C
Software Development [ ] Customer [ 1 SGS-THOMSON

[ 1 External Laboratory

For marking one line with 11 characters maximum is possible

Special Marking[ J(m) “____ " Letters, digits,’ .’,’ - '/ and spaces only
OPTION LIST:
TIMER CLOCK ] STANDARD (fop/4)

E ] FAST (for/2)
[ 1 SLOW (for/8)

Watchdog ENABLE MODE [ ] Software Enable [ 1 Auto Enable
Watchdog during WAIT [ 1 Active during WAIT mode [ ] Suspend during WAIT mode

Enable Wake-up on PORTC ] PORTC 6-bit I/O PORT

] PORTC interrupt Wake-up inputs

—_———

Pinout for ICAP (PCO) ] ICAP is bonded on pin 18

] PCO is bonded on pin 18

—_——

Pinout for OCMP1 (PC1) [ 1 OCMP1 is bonded on pin 17
[ 1 PC1isbonded on pin 17
PORT A Outputs [ ] Standard push-pull output PORT
[ 1 Open Drain output PORT
PORT A Pull-up [ 1 No pull-up
[ 1 Pull-up when aline is defined as an Input
PORT B Pull-up [ 1 No pull-up
[ ] Pull-up when a line is defined as an Input
IS 1T = (0 -
7 - P

£ SGS-THOMSON 43/53
Y/, saicrorLEcTRONICS
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ST72E94
ST72T94

8-BIT EPROM HCMOS MCUs WITH EEPROM

= 3V to 5.5V supply operating range

= 4MHz Maximum Clock Frequency

= Fully static operation

= -25 to +85°C Operating Temperature Range
= Run, Wait, Stop and RAM Retention Modes

= User EPROM: 7168 bytes
Data RAM: 224 Dbytes
EEPROM: 256 bytes

= 28-pin Plastic Dual In Line and SO package for
ST72T94 OTP version

u 28-pin Ceramic Dual In Line package for
ST72E94 EPROM version

= 22 bidirectional I/O lines

= 6 lines programmable as interrupt wake-up
inputs

= 16-bit timer with 1 input capture and 2 output
compares

= 2V RAM retention mode
s Master Reset and power on reset
» Full Hardware Emulator

= Compatible with ST7294 (6K) and ST7293
(3.3K) ROM devices

= 8-bit data manipulation

w 74 basic instructions

= 10 main addressing modes

= 8x8 unsigned multiply instruction
n true bit manipulation

= Complete development support on real time
emulator with PC/DOS

= Full software package (Cross Assembler,
debugger)

October 1993

PRELIMINARY DATA

PSO28

CDIP28

(Ordering Information at the end of the datasheet)

45/53

This is Preliminary information from SGS-THOMSON Details are subject to change without notice.
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ST72E94 - ST72T94

1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The ST72E94 and ST72T94 (following mentioned
as ST72E94) are EPROM members with
EEPROM of the ST72 family of microcontrollers, in
windowed ceramic (E) and plastic OTP (T) pack-
ages respectively, completely developped and
produced by SGS-THOMSON Microelectronics
using a n-well proprietary HCMOS process.The
EPROM parts are fully compatible with their ROM
versions and this datasheet will thus provide only
information specific to the EPROM based devices.
THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST7294 AND ST7293
ROM-SBASED DEVICES FOR FURTHER DE-
TAILS.

The EPROM ST72E94 may be used for the proto-
typing and the pre-production phases of develop-
ment, can be configured as either a standalone
microcontroller with 7K bytes of on-chip ROM,
either as a microcontroller able to manage external
memory.

Figure 1. ST72E94 Block Diagram

The ST72E94 is a HCMOS microcontroller unit
(MCU) from the ST72 family. It is based around an
industry standard 8 bit core and offers an en-
hanced instruction set. The processor runs with an
external clock at 4 MHz with a 5V supply and 2MHz
with a 3V supply. Due to the fully static design of
this device, operation down to DC is possible. Un-
der software control the ST72E94 can be placed in
WAIT or HALT mode thus reducing power con-
sumption. The enhanced instruction set and ad-
dressing modes afford real programming
potential. In addition to standard 8 bit data man-
agement the ST72E94 features true bit manipu-
lation, 8x8 unsigned multiplication and indirect
addressing modes. The device includes an on-
chip oscillator, CPU, EPROM, RAM, EEPROM,
1/0, and one timer with 1 input capture and 2 out-
put compare systems.

oson — | OTUSR el [ _roma K=tm) erwroem
oscout MODE DIVIDER -
(—| PorTB PB0-PB7 (8 BIT)
INT / Ve CONTROL |+
8 BIT CORE
ALU
(':> TIMER
oz SYSTEM
o|o|%|x|>|<|Q ] _
alg|®? o a WATCHDOG RESET
U<
=
@ e
[=>| _EPROM |
7168 bytes
[7:]
2
T RAM —
(2]
a 224 bytes
§ Vbp
< EEPROM POWER
C=| 256 bytes | SUPPLY — Vgs
VRO01735E
46/53
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ST72E94 - ST72T94

1.2 PIN DESCRIPTION

Vpp. Single power supply voltage 3 to 5.5V.
Vss. Ground

0SCin, OSCout. Oscillator input and output pins.
These pins are to be connected to a parallel reso-
nant crystal or ceramic resonator. An external
clock source can also be inputed thru OSCin.

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

INT/Vep is the external interrupt signal. Software
configuration allows four triggering modes. In the
EPROM programming Mode, this pin acts as the
programming voltage input Vpp.

ICAP (PCO0). Input capture signal going to the
TIMER system. This signal, according to a mask
option, can be an ICAP pin or PCO pin. When PCO
is defined as ICAP, the internal pull-up resistor is
not connected.

OCMP1 (PC1). Output compare signal coming
from the TIMER system. This output signal, ac-
cording to a mask option, can be an OCMP1
pin(for output compare 1 of the timer) or PC1 pin.
When PC1 is defined as OCMP1, the internal pull-
up resistor is not connected.

Figure 2. Pin Configuration

|N_Tm 01 N4 28 1 Vss
RESET [] 2 27 Voo
OSCin [] 3 26 0 PAO
OSCout [ 4 251 PA1
PB7 ] 5 24 1 PA2
PB6 [] 6 231 PA3
PB5 [ 7 221 PA4
PB4 [ 8 211 PA5
PB3 [J 9 200 PA6
PB2 [] 10 19 0 PA7
PB1 [ 11 18 0 PCO (ICAP)
PBO [] 12 17 0 PC1 (OCMP1)
PC5 ] 13 16 ] PC2
PC4 [] 14 150 PC3
VROA1734

Note 1. This pin is also the Vpp input for EPROM based device

[77 SGS-THOMSON

PAO-PA7, PB0-PB7, PCO-PC5. These 22 lines
are standard 1/0O lines, programmable as either in-
put or output.

- PORT A. 8 Standard I/O lines, accessed through
DDRA and DRA Registers. According to a bit of the
byte option, outputs can be defined as a standard
push-pull output port or as an open drain output
port. According to a bit of the byte option, a pull-up
resistors (250kQ typical at Vpp=3.5V) can be
added on each line when it is defined as an input.

- PORT B. 8 Standard /O lines accessed through
DDRB and DRB Registers. According to a bit of the
byte option, a pull-up resistor (250kQ typical at
Vbp=3.5V) can be added on each line when it is
defined as an input.

- PORT C. 6 Standard I/O lines accessed through
DDRC and DRC Registers. According to a bit of
the byte option, these 6 lines can become 6 falling
edge sensitive interrupt lines all linked to a single
interrupt vector or 6 standard input ports. When
these 6 lines are enabled as inputs, they are tied to
Vop through an internal pull-up resistor (250kQ
typical at Vpp = 3.5V). These negative edge sensi-
tive interrupt lines can wake-up the ST72E94 from
WAIT or HALT mode. This feature allows to build
low power applications when the ST72E94 can be
waken-up from keyboard push.

47/53
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PIN DESCRIPTION (Continued)

Table 1. ST72E94 Pin Configuration

Name Function Description Assi:::nem

INT/Vpp | Interrupt / EPROM Programming Voltage 1

RESET e} Reset 2
OSCin I Oscillator 3
0SCout ) Oscillator 4
PB7 o Standard Port (bit programmable) 5
PB6 110 Standard Port (bit programmable) 6
PB5 o Standard Port (bit programmable) 7
PB4 o Standard Port (bit programmable) 8
PB3 1o} Standard Port (bit programmable) 9
PB2 1o} Standard Port (bit programmable) 10
PB1 [l[e] Standard Port (bit programmable) 1
PBO e} Standard Port (bit programmable) 12
PC5 lle} Standard Port (falling edge interrupt line) 13
PC4 e} Standard Port (falling edge interrupt line) 14
PC3 1o Standard Port (falling edge interrupt line) 15
PC2 [l[e] Standard Port (falling edge interrupt line) 16
PC1 (OCMP1) o S:?JT’::L?;J?: p(:ging edge interrupt line) 17
PCO (ICAP) Vo g:?:girg;ct)grgalling edge interrupt line) 18
PA7 l/e] Standard Port (bit programmable) 19
PA6 l[e] Standard Port (bit programmable) 20
PA5 l/e] Standard Port (bit programmable) 21
PA4 /o] Standard Port (bit programmable) 22
PA3 {e} Standard Port (bit programmable) 23
PA2 [l[e] Standard Port (bit programmable) 24
PA1 /o] Standard Port (bit programmable) 25
PAO lle] Standard Port (bit programmable) 26
Voo Power Supply 27
Vss Ground 28

48/53
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1.3 CENTRAL PROCESSING UNIT

1.3.1 Introduction

The CPU has a full 8-bit architecture. Six internal
registers allow efficient 8-bit data manipulations.
The CPU is able to execute 74 basic instructions. It
features 10 main addressing modes. It is able to
address 8192 bytes of memory and registers with
its program counter.

1.3.2 CPU Registers

The 6 CPU registers are shown in the program-
ming model in Figure 3. Following an interrupt, the
registers are pushed onto the stack in the order
shown in Figure 4. They are popped from stack in
the reverse order. The Y register is not affected by
these automatic procedures. The interrupt routine
must therefore handle it, if needed, through the
POP and PUSH instructions.

Accumulator (A). The accumulator is an 8-bit
general purpose register used to hold operands
and the results of the arithmetic and logic calcula-
tions as well as data manipulations.

Figure 3. Programming Model

Index Registers (X and Y). These 8-bit registers
are used to create effective addresses or as tem-
porary storage area for data manipulations. The
cross assembler generates a PRECEDE instruc-
tion (PRE) to indicate that the following instruction
refers to the Y register. The Y register is never
automatically stacked. Interrupt routines must
push or pop it by using the POP and PUSH instruc-
tions.

Program Counter (PC). The program,counter is a
16-bit register containing the address of the next
instruction to be executed by the CPU. In the
ST72E94, only the 13 low order bits are used, bits
13, 14 and 15 are forced to “0”".

Stack Pointer (SP). The stack pointer is a 16-bit
register. The 6 least significant bits contain the ad-
dress of the next free location of the stack. The 10
most significant bits are forced as indicated in Figure
?. T!I1ey are reserved for future extension of ST72
amily.

7 0

ACCUMULATOR: LI T TTTITT]
RESET VALUES:

X X X X X X X X

7 0

X INDEX REGISTER: LT T T TTTIT
RESET VALUES:

X X X X X X X X

7 0

Y INDEX REGISTER: LT LT T TT
RESET VALUES:

X X X X X X X X

15 7 0

PrOGRAMCOUNTER: [ofofo | [ [ [T [T [T [T 1]

RESET VALUES:

RESET VECTOR (1FFEh:1FFFh)

0

7
sTAck POINTER: [ o] ofofofofofofo[ [+ [ T [ [ | |

X = Undefined

oo0o0o01tT 1111 1 11

15
RESET VALUES:
0000
CONDITION CODE REGISTER:

7 6 5§43 2 1

0
L[ [r[ 1[N 2] ]
RESET VALUES:

11101010
VROB1767

Lyy SGS-THOMSON
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CENTRAL PROCESSING UNIT (Continued)

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

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

A subroutine call occupies two locations and an in-
terrupt five locations.

1.3.3 Condition Code Register (CC).

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

Figure 4. Stacking Order

Half carry bit (H). The H bit is set to 1 when a carry
occurs between the bits 3 and 4 of the ALU during
an ADD or ACC instruction. The H bit is useful in
BCD arithmetic subroutines.

Interrupt mask (l). When the | bit is set to 1, all in-
terrupts are disabled. Clearing this bit enables
them. Interrupts requested while | is set are latched
and can be processed when | is cleared (only one
interrupt request per interrupt enable flag can be
latched).

Negative (N). When set to 1, this bit indicates that
the result of the last arithmetic, logical or data ma-
nipulation is negative (i.e. the most significant bit is
alogic 1).

Zero (Z). When set to 1, this bit indicates that the
result of the last arithmetic, logical or data manipu-
lation is zero.

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

STACK
7 0 (PUSH)
T T T T
1 l 1 | 1 I CONDITION CODE
INCREASING z ACCUMULATOR E DECREASING
MEMORY 2 z MEMORY
im X INDEX REGISTER e
ADDRESSES e “,_J ADDRESSES
PCH z
UNSTACK PCL
(POP) VR000074
50/53
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1.4 MEMORY MAP

As shown in Figure 4, the MCU is capable of ad-
dressing 8192 bytes of memory and I/O registers.
In the ST72E94, 7696 of these bytes are user ac-
cessible.

Note:

In the ST7293 only 3.25K bytes are user accessi-
ble. This should be taken into account by the user

when programming the ST72E94 to emulate the
ST7293.

The locations consist of 32 bytes of I/O registers
(only 20 are used), 224 bytes of RAM, 256 bytes of
EEPROM and 7Kbytes of user ROM. The RAM
space includes 64 bytes for the stack from OFFh to
0COh. Programs that only use a small part of the al-
located stack locations for interrupts and/or sub-
routine stacking purpose can use the remaining
bytes as standard RAM locations.

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

Figure 5. Memory Map
0000h 0000 0oh |_PORT A DATA REGISTER 00
VO and REGISTERS :%c': 01h | _PORT B DATA REGISTER o1
001Fh 32 Bytes 0031 02h [ PORT C DATA REGISTERINTERRUPTS | 02
03h 03
0020n | 0032 | ConTaoLT g;’: ™04 | PORT A DATA DIRECTION REGISTER 04
RAM \ . 05h | PORT B DATA DIRECTION REGISTER 05
224 Bytes \ “osh-[_PORT G DATA DIRECTION REGISTER 06
00BFh ote1 | RESERVED 07h | EEPROM CONTROL REGISTER 07
00C0h == =====F==" 0192 | o8h 8
(STACK) \ oon 09
64 Bytes
00FFh h 0255\ [TMISCELLANEOUS | 0Ah 10
0100h 0256 \ 1 Byte 0Bl 1
\ “~och | MISCELLANEOUS REGISTER 12
EEPROM i RESERVED 0Dh 13
256 Bytes \ OEh 14
e gee7 ‘.\ NG 15
01FFh 0511 \ TIMER 1101':, :3
02000 OptonByte | %512 ! 12 Bytes 12n |_TIMER CONTROL REGISTER 18
A 13h [_TIMER STATUS REGISTER 19
14h [_CAPTURE HIGH REGISTER 1 20
15h [_CAPTURE LOW REGISTER 1 21
R:;E:y“’fs':’ \  16h [ _COMPARE HIGH REGISTER 1 22
' 17h |_COMPARE LOW REGISTER 1 23
\, 180 | COUNTER HIGH REGISTER 2
02FFh 0767 \ 19h [ COUNTER LOW REGISTER 25
0300h 0768 ‘1A [ ALTERNATE COUNTER HIGH REGISTER __| 26
1Bh [ ALTERNATE COUNTER LOW REGISTER | 27
1Ch 28
1Dh 29
1Eh |_COMPARE HIGH REGISTER 2 30
7K USER EPROM 1Fh'{_COMPARE LOW REGISTER 2 31
7168 Bytes -
1FFoh’l_PORT C WAKE-UP (High Byte)
1FF1h [ PORT C WAKE-UP (Low Byte)
_#1FF2h [ NOT USED
1FF3h [_NOT USED
,”" 1FFah [ TIMER OVERFLOW (High Byte)
- 7635 y 1FF5h | TIMER OVERFLOW (Low Byte)
Foon Se%8 L 1FF6h [ TIMER OUTPUT COMPARES (High Byte)
L 1FF7h [ TIMER OUTPUT COMPARES (Low Byte)
e 1FF8h | TIMER INPUT CAPTURE (High Byte)
P bytes e 1FFoh [ TIMER INPUT CAPTURE (Low Byte)
L 1FFAh [ EXTERNAL INTERRUPT (INT) (High)
\FEFh o175 7 1FFBh [ EXTERNAL INTERRUPT (INT) (Low)
i) o170 1FFCh[” TRAP INSTRUCTION (High Byte) *
USER VECTORS 1FFDh{ TRAP INSTRUCTION (Low Byte)
o 16 Bytes 8191 1FFEh | RESET and POWER ON (POR) (High)
--------------- 1FFFh [ "RESET and POWER ON (POR) (Low)
VRO19ARA

Lyy SGS-THOMSON
>/ ikt witonics

51/53

219



ST72E94 - ST72T94

1.5 OPTION BYTE

An additional mode is used to configure the part for
programming of the EPROM. This is set by a +12.5
voltage applied to the INT/Vpp. The EPROM pro-
gramming mode is entered during the reset phase
if a 12.5 voltage applied to the INT/Vpp pin with the
conditions of pin PC1=1 and pins PCO, PA6 and
PA5=0. The 7K byte of EPROM memory may be
programmed by using the EPROM Programming
Boards (EPB) available from SGS-THOMSON.

The ROM devices of the ST72 family can be con-
figured through mask options. In EPROM devices,
most mask options are replaced by EPROM bits
grouped in the Option Byte. The configuration of
the device is made by programming the Option
Byte.

The Option Byte is not in the user memory space.
The Option Byte is accessed only if the device is in
programming mode and location 0200h is ad-
dressed. The EPB provides all the functionality to
select and program the Option Byte.

If a device emulated by the ST72E94 does not fea-

ture a particular mask option, the corresponding bit
is not used. The Timer Clock is defined as For/4.

7 0
[ ww | wouss | peip |PCWSI PC1S | PCOSI PAOﬂj@

b7 = WIW: Watchdog in Wait.
1 : Watchdog suspended during Wait
0 : Watchdog active during Wait

b6 = WDMS: Watchdog Mode Select.
1 : Watchdog in Software Select Mode
0 : Watchdog in auto-enable Mode

b5 = PBIP: Port B Input Pull-up.
1 : Pull-up enabled or Port B (when Input)
0 : No Pull-up on Port B

b4 = PCWS: Port C Wake-up Select.
1 : Port C I/O functions enabled
0 : Port C Interrupt Wake-up Inputs enabled

b3 = PC1S: PC1 Select.
1 : Timer OCMP1 connected to pin 17
0 : PC1 /O function connected to pin 17

b2 = PCOS: PCO Select.
1 : Timer ICAP connected to pin 18
0 : PCO I/O function connected to pin 18

b1 =PAOS: Port A Output Select.
1 : Port A Output is Push-pull
0 : Port A Output is Open-drain

b0 = PAIP: Port A Input Pull-up.
1 : Pull-up enabled on Port A (when Input)
0 : No Pull-up on Port A

52/53
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1.6 EPROM ERASURE (ST72E94 ONLY)

The ST72E94 is erased by exposure to high inten-
sity UV light through the transparent window. This
exposure discharges the floating gate to its initial
state through induced photo current.

It is recommended that the ST72E94 be kept out of
direct sunlight because the UV content of sunlight
can cause temporary functional failure. Extended
exposure to room level fluorescent lighting will also
cause erasure. An opaque coating (paint, tape, la-
bel, etc...) should be placed over the package win-
dow if the product is to be operated under these
lighting conditions. Covering the window also re-
duces IDD in stop mode due to photo diode currents.

An Ultraviolet source of wave length 2537A yield-
ing a total integrated dosage of 15 Watt-sec/cm? is
required to erase the ST72E94. This device will be
erased in 15 to 20 minutes if an UV lamp with a
12mW/cm? power rating is placed 1 inch from the
lamp without filters.
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1.7 PACKAGE MECHANICAL DATA

Figure 6. 28-Ceramic Dual In line Package, 600-Mil Width

E1

| Dim. mm inches
L] Min | Typ | Max | Min [ Typ [ Max
Ll C A 5.71 0.225
AT L Al | 050 1.78 {0,020 0.070
E B | 040 055 | 0016 0.022
Bi [ 1.07 142 | 046 056
C |02 031 [0.009 0012
D 38.10 1500
D1 | 152 249 | 060 098
E - - - - - -
E1 1305 1336] 514 526

3.00 118
- ol | 229 2.79 | 0,090 0.110
i 2 |68 736 | 210 290
/ i /] Number of Pins
PR I == N/2 VROB1725 N =
L37, SGS-THOMSON 53/53
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ST18XSTAR

STATIC ANSWERING AND RECORDING CHIP

The ST18XSTAR is a high quality low bit rate
speech synthesis and recording system. Using
ACELP type algorithms for voice compression at
4800bps, it offers the most competitive compro-
mise between speech quality and memory size. It
also includes voice synthesis capability, generated
from a non volatile memory to produce predefined
messages. Including tone and DTMF detectors for
remote control operation, it is suitable for use in an-
swering machines, ' answering telephone sets,
cordless answering telephone sets,voice mail sys-
tems and memo recorders.
= Low bit rate (4.8kbps) speech coding and decod-
ing system.
= Ultra low bit variable rate (<1.5kbps) speech syn-
thesis message capability.
Voice storage memory capability up to 32Mbits.

Integrated implementation on one Digital Signal
Processor (DSP) chip.

Low power design:

- Single 5V power supply,

- Maximum active power consumption 500mW,
Sleep power Mode 1.5mA for ARAM refresh.

Reduced size and power consumption suitable
for standard voice answering and recording ma-
chines, cordless phones with voice recording
capability, memo recorders.

Maximum flexibility provided with emulation
ROMIess version ST18RXSTAR.

» Extended modes of operations and features :

Fast and slow read/skip modes. Messages
monitoring.

Voice messages for remote operation through
telephone line.

- Possible use of SRAMs, DRAMs, ROMs or
EPROMs.

Advanced error correction algorithms allowing
use of ARAMs.

September 1993

PRELIMINARY DATA

PQFP100

(Ordering information at the end of the datasheet)

Programmable call progress and call waiting
tone generators/detectors including DTMF,com-
ply with PAA/TPA/AGH/1764 specifications.

Programmable voice activity detection for si-
lence compression.

Programmable output attenuation level (tor re-
mote call screening).

Wide dynamic range (48dB).

PCM 64Kbps coding mode for high-quality in-
coming/outgoing messages.

Versatile Interfaces
3 to 1 muxed single-ended A/D input.

2 D/A independently programmable output
drivers.

On-chip converters.
Host processor parallel interface.

1/42

This is preliminary data from SGS-THOMSON Details are subject to change without notice.
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ST18XSTAR

1PIN DESCRIPTION
1.1 STI8XSTAR PIN DESCRIPTION

Warning: This data sheet is related to ST18XSTAR. Final pinout and pin number assignement will be de-
scribed in the next version.

Storage Memory Interface (30 pins)

Pin Name Type Description
Data Bus: 1-bit or 4-bit DRAM’s, ARAM’s;
MDO-MD7 Vo 8-bit ROM's, EPROM's, SRAM's
. Multiplexed Address pins for AADRAM’s
MAQ-MA10 0 Non Multiplexed Low Address pins for other memories
MA11-MA16 [e] Non Multiplexed High Address pins
RASO-RAST o 22:\// :ﬁg\r:ss Select pins for AADRAM's:
e Chip Select pin for SRAMS and EPROMS:
MCS 0 Active Low
=2c Column Address Select pin for A/DRAM:
CAS o Active Low
_—— Memory Write Enable
MWE 0 Active Low
A/D and D/A Converters (13 pins)
Pin Name Type Description
VRH High Reference Voltage
VRL Low Reference Voltage
VCM Common Mode Voltage
ADINO-ADIN2 | Analog Inputs
DAOUTO0-DAOUT1 (o} Analog Inputs
AVpp [ Analog Section Positive Supply
AVss GND Analog Section Ground
ABIAS | Analog Section Bias Control
2/42 LNy SGS-THOMSON
Y/, taicrosiEcTRONICS
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ST18XSTAR

PIN DESCRIPTION (Continued)

Host Interface/Mailbox (13 pins)

Pin Name Type Description
I e s
SRD | Synchronizes the read cycles for the system bus
SWR | Synchronizes the write cycles for the system bus
SCS | Mailbox Chip Select
DTOM (e} Handshake output line with microcontroller
MTOD | Handshake input line with microcontroller

Synchronous Double Buffered SSI (4 pins)

Pin Name Type Description
FS 110 Transmit and Receive Frame synchronous
BCLK /O Transmit and Receive Clock
DX o Transmit Data
DR | Receive Data
Clocks and Control (13 pins)
Pin Name Type Description
RESETC | Reset of the DSP Core: Active Low
RESET | ;(;?5; tf otvt;e DSP and Peripherals:
XTAL 0 (4.006MH): No connect f ot ed
EXTAL [ External Clock or Internal Oscillator input
HALT-NOP | Emulation pin: Reserved
TEST1 I Reserved
TEST2 0 Reserved
TEST3 | Reserved
TEST4 (o} Reserved
TEST5 | Reserved
TEST6 I Reserved
TEST7 o] Reserved
TEST8 I Reserved
K57 353 HANEN =
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ST18XSTAR

PIN DESCRIPTION (Continued)

Boundary Scan (1 pins)

A set of 11 signals are dedicated for testing/emu-
lating the ST18XSTAR. These signals are used in

THOMSON ST18932 Boundary Scandevelopment
tools, to debug the application hardware and soft-
ware. If not used the corresponding input signals

a development phase, associated with the SGS-

must be grounded.

Pin Name Type Description
SCIN [ Scan Data Input
SCCLK | Scan Clock
SCOoUT (o} Scan Data Output
BOS | Begin of Scan Control
EOS | End of Scan
MCo0-MC2 I Mode Control
SBACK (0] Software Breakpoint Acknowledge
MCI (e} Multicycle Instruction
RDYS (e} Ready to Scan Flag
Digital Power Supply (10 pins)
Pin Name Type Description
Vop | Paositive Supply
Vss GND Digital Ground
= K57, 353THOMEON
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ST18XSTAR

2 FUNCTIONAL OUTLINE

The ST18XSTAR is a fully integrated implementa-
tion of the telephone static answering and record-
ing machine functions. Except for the message
storage memory, it comprises all the necessary
parts for a full featured answerer.

The ST18XSTAR realizes the following functions
under host control:

- 12-bit A/D (Delta-Sigma) and 10-bit D/A con-
version.

- storage memory interface, supporting up to two
chips 1Mx4, 4Mx1, 4Mx4 DRAM’'s or ARAM's
and ROMs/EPROMs.

- low-bit rate synthesized speech capability.
- 4800 bps voice compression/decompression.

‘ SGS-THOMSON
Y7, NicroeLEcTRONICS

- voice activity detection for silence compres-
sion.

- silence play-back with confident noise insertion.

- error correction on mass storage data when
ARAM is used.

- DTMF and programmable call progress tone
detection.

- one or two frequency and level programmable
tones generation with DTMF generation capa-
bility.

It does exist in an emulation version with a full ac-

cess to the DSP program address and instruction

bus called STI8RXSTAR for Romiess and eXter-
nal host. The standard version incorporates the

+ DSP software in a ROM and is named
ST18XSTAR.

5/42
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ST18XSTAR

3 INTERFACES

3.1 INTERFACE WITH USER EXTERNAL accepted. If two chips are used, they must be of the
MEMORIES same organisation.

For the user messages storage one or two Below are connection examples. Banks of four 1
ARAM/DRAM chips can be connected to the bit wide chips might of course replace the 4 bit wide
ST18XSTAR. Chips of 4Mx1, 1Mx4 and 4Mx4 are chips.

Figure 1. INTERFACE WITH USER EXTERNAL

A0-A9 Address Bus

MAO-MA9

DO0-D3 Data Bus

MDO-MD3 ﬁ

1Mx 4
ST18XSTAR
WE CAS RAS OE |

MWE I |

CAS
RASO
RAST | -

MCS | |

A0-A10 Address Bus

MAO-MA10
D0-D3 Data Bus
MDO-MD3 | K=> ﬁ M

¢ U

4M x 4 4M x 4
ST18XSTAR
WE CAS RAS OE WE CAS RAS OE
Mwe (|} |
CAS _
RASO
RAST
MCS | |- T
YR0O01807
6/42 o
Kyy, S53.THOMSON
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ST18XSTAR

INTERFACES (Continued)
Figure 2. INTERFACE WITH USER EXTERNAL MEMORIES (Continued)

AO-A16 Address Bus
MAO-MA16
DO0-D7 Data Bus
MDO-MD7
128K x 8
ST18XSTAR SRAM
RW CEi OE
MWE || F 1
MCS
Address bus
MAO-MA16 -
Data Bus
MDO-MD7 | K=s 5 M
o
D0-D3  A0-A9 D0-D7 AO-A16
iMx 4 1M
ST18XSTAR RAM ROM
WE CAS RAS OE CE OE
MWE |}—F
CAS
RASO/1
MCS
VROA1907
. 7/42
Kyy, S53.THOMSON
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ST18XSTAR

INTERFACES (Continued)

3.2 INTERFACE WITH MANUFACTURER
MEMORIES

The manufacturer may create in ROMs, SRAMs or
EPROMs predefined messages allowing for exam-
ple remote control operation, time stamp, etc..
These memories can be connected to the storage
memory interface part of the chip thus offering a
large flexibility of choices.

3.3 MICROCONTROLLER INTERFACE

The recommended mode of interface between the
ST18XSTAR s the host interface mailbox. Figure 3
with a ST7 type microcontroller. However, use with
any other micro is possible.

Figure 3. Microcontroller Interface typical application example.

AUDIO RAM
¥
8 4 1
v
D07  MWE A0 10
3 MCS,RAS,CAS
AUDIO IN —7L'
ST18XSTAR
2
AUDIO OUT +—*—]
SCS SRDSWR TOD DTOM
8 KEYBOARD
4 x 4
ST7294
OTHER I/Os LINE IN USE
CORDLESS OFF-HOOK HOOK-SWITCH CONTROL
K-HANDSET OFF-HOOK — MESSAGE LED
LINE SEIZER L ON/OFF LED
SPEAKER MUTE LOW BATTERY DETECTOR
TL LINE MUTE LOW BATTERY LED
AUTO-DISCONNECT POWER FAIL
RING
VROA1569
8/42 L3y, SGS-THOMSON
> MICROELECTRONICS
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ST18XSTAR

INTERFACES (Continued)

Connection Between ST18XSTAR and MCU
This interface is realized through :

- 8 bi-directional I/O lines (SD0-SD7); these lines
can also be shared with an external keyboard.

- 3 control signals : SCS (Mailbox Chip Select),
SRD (Read) and SWR (Write).

- 2 synchronization signals : MTOD and DTOM
DSP access sequence:

The data communication between microcontroller
and ST18XSTAR is always initiated by the micro-
controller and consist generally of a sequence of
data exchanges. The SRD and SWR pins (active
low) allow the microcontroller to READ and WRITE
respectively the mailbox.

During any data transmission (unique or multiple),
a third wire , SCS must be maintained to a low level
in order to select the ST18XSTAR in the case
when the SD0-SD?7 lines are also used to scan the
keyboard.

Protocol of the data exchange synchronization

Two handshake signals are used to synchronize a
bidirectional data exchange between the
ST18XSTAR and the microcontroller. Messages
may consist of a single or multiple bytes.

MTOD. Signal driven low by the microcontroller to
indicate :

- that a data has been written
ST18XSTAR mailbox (RIN register).

- or that the micocontroller is ready to read a
new byte in the mailbox (ROUT register).

DTOM. Signal generated by the ST18XSTAR and
may be connected to an interrupt input of the mi-
crocontroller, indicate to the microcontroller that a
byte is available in the mailbox (ROUT register)
and can be read by the microcontroller.

A communication between the microcontroller and
the ST18XSTAR generally consists of a sequence
of data exchanges and is always initiated by the
microcontroller. For example, the micrcontroller
can load a "DTMF request" and get back six bytes
of information on DTMF status.

Due to real-time processing constraints, the
ST18XSTAR generally reserves a time slot for
communication with its microcontroller at the end
of each 30 ms speech frame.The SYNCHRO re-
quest (See commands description) can be used by
the microcontroller to get synchronized with the
ST18XSTAR communication window.

into the

Figure 4. Communication Handshake Protocol

MTOD ‘ I I I

A|B| c |D

DTOM | I

VR01959

Step A:

(MCU steps) may exist or not if no relevant data to
write into RIN (when it requests a sequence of
status bytes the MTOD line is asserted low di-
rectly).

Both MTOD and DTOM lines are high (idle mode).

The microcontroller write a command
or The microcontroller write an operand of
command into the mailbox(RIN)

then brings the MTOD signal low.
Step B:
The ST18XSTAR

Read command in RIN, decode, process, and
write data or status in ROUT

or Read operandin RIN

or Write status byte into ROUT

then brings the DTOM signal low.
Step C:

The microcontroller read data if there is a signifi-
cant data in the mailbox (ROUT)

then brings the DTOM signal high.

Step D (ST18XSTAR step):

After MTOD rising edge, the DTOM signal goes
high.

Step E: handshake idle state

This sequence of steps A-B-C-D-E can be re-
peated several times : when a command or re-
quest involves several operands to be sent by the
microcontroller, or when a command or request

from the microcontroller requires several status or
parameter bytes to be return by the ST18XSTAR.

[Ny SGS-THOMSON /42
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INTERFACES (Continued)

3.4 ANALOG INTERFACE

Three single-ended analog inputs are provided.
The ST18XSTAR contains a register that allows to
select one input among the three.The maximum in-
put swing is 2.5V peak-peak. The inputimpedance
is essentially capacitive. Its value is less than
20pF. Resolution of the A/D is 12 bits.

Two analog outputs are provided. Each one can be
put in active state or driven to VCM state. The out-
put swing is 280mV peak-peak on a 1kQ load.
Resolution of the D/A is 10 bits. The maximum cur-
rent of the output buffer is 200pA. A 16-level at-
tenuation is provided, from 0 to -28dB (+ infinite
attenuation level, driven to VCM state) by 2dB
steps.

10/42 L3y SGs-THOMSON

4 STORAGE MEMORY MANAGEMENT
4.1 STORAGE POLICY .

The ST18XSTAR partitions memory into sectors,
and freely allocates sectors to messages through
pointers. The sector size and the number of ad-
dressable sectors are dependant upon the type of
memory chips.

Table 1. Types of Memory Chips

Type of Memory | Sector size |Number of Sectors
4M x 4bit 128K 256
4M x 4bit 32K 256
1M x 4bit 32k 256
1M x 1bit 32K 64

4.2 INCOMING MESSAGES ALLOCATION
TABLE DESCRIPTION

The allocation table is a 512x16 bit word table al-
lowing up to 128 messages depending on the mes-
sage lengths.

~ MICROELECTRONICS
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5 SOFTWARE MANAGEMENT OF ST18XSTAR

5.1 COMMAND AND REPORT DESCRIPTION
Introduction
The ST18XSTAR operation is fully controlled by

the host microcontroller. It receives command
bytes and returns report bytes.

The command may indicate :

-.a mode, i.e. the background task executed by
the ST18XSTAR,

- a request which will be executed during the
next communication window.

The status byte indicates the current operating
mode, the occurence of an event (end of message,
storage memory full,...) or an error (invalid com-
mand,...).

Figure 7. Status Byte

716|5|4(3|2[1]0

: mO0-m5 = Current mode code

e=1 There s an error on the
request or mode

p =1 There 1s a new event
during the mode execution

Current mode code :

Communication description WAIT mode set
The microcontroller sends to the ST18XSTAR a IDLE = 000001
command, which consists of one opcode byte, fol- DTME - 000010
lowed by zero, one or more operands. The
ST18XSTAR returns to the microcontroller a report DEFAULT = 000011
which consists of one status byte, followed by zero, TONE DETECTION = 001000
one or more operands. TONE GENERATION  =001100
Figure 5. Opcode Byte RECORD = 010000
PLAY-BACK = 010001
SPEECH SYNTHESIS =010010
7|6|5[4|3|2[1]0
I
| Bit7
0 the Opcode I1s a mode code
1 the Opcode Is a request code
Figure 6. Communication Description
— OPCODEBYTE STATUS BYTE
(MCU — ST18XSTAR) (ST18XSTAR — MCU)
OPERANDS OPERANDS
(MCU — ST18XSTAR) (ST18XSTAR — MCU)
VR001931

£
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

Modes description

When the microcontroller sends a mode com-
mand, the ST18XSTAR returns a status byte and
changes the background task.

“WAIT” mode set

The WAIT mode set contains three differents
modes : IDLE, DTMF, and DEFAULT. In this
mode, no speech processing task is performed.

“IDLE”
In this mode, the ST18XSTAR polls microcontroller
commands, without performing any task.

COMMAND FORMAT:
byte 1 = 00000100

REPORT FORMAT:
byte 1 = status byte

“DTMF”
The “DTMF” performs the DTMF and energy de-
tection. This mode operates properly only if
“DTMF” initialisation has been made before the
mode call.
COMMAND FORMAT :
byte 1 = 00001000

REPORT FORMAT :
byte 1 = status byte

“DEFAULT”
The “DEFAULT” mode performs the mode se-
lected with the “DEFAULT” initialisation request, in
practice “IDLE” or “"DTMF". If no initialisation is
made, the default mode is “IDLE”.
COMMAND FORMAT :
byte 1 = 00001100

REPORT FORMAT :
byte 1 = status byte

“TONE GENERATION”

“TONES GENERATION" performs the generation
of one or two tones. This mode operates properly
only if “TONE GENERATION" initialisation has

12/42 L7, S6s-THOMSON

been processed before the mode call. The tone
frequency and amplitude values are provided by
the microcontroller during the “TONE GENERA-
TION” initialisation request.

COMMAND FORMAT :
byte 1 = 00100000

REPORT FORMAT:
byte 1 = status byte

“TONE DETECTION”

"TONE DETECTION" performs the detection of
one or two tones. This mode works properly only if
“TONE DETECTION" initialisation has been proc-
essed before the mode call. The filter coefficients
are defined during the “TONE DETECTION" initial-
isation request.

COMMAND FORMAT:
byte 1 = 00011000

REPORT FORMAT:
byte 1 = status byte

“RECORD”

In this mode, the ST18XSTAR performs speech
compression and records messages into the
ARAM. This mode operates properly only if “RE-
CORD" initialisation has been processed before
the mode call. While in this mode, the ST18XSTAR
automatically performs DTMF and energy detec-
tion.

COMMAND FORMAT :
byte 1 =01111111
byte 2 = 00000000
byte 3 = nbfr MSB
byte 4 = nbfr LSB
nbfr : number of 30ms speech frames to
be processed:
nbfr = 0 mode changing is forced by the
microcontroller

nbfr > 0 after nbfr frames processing, the
ST18XSTAR automatically enters in the
"DEFAULT" mode.

REPORT FORMAT :
byte 1 = status byte

s MICROELECTRONICS
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

“PLAYBACK”

In this mode, the ST18XSTAR performs playback
of compressed messages stored in the ARAM.
This mode operates properly only if “PLAY-BACK"”
initialisation has been processed before the mode
call. While in this mode, the ST18XSTAR automat-
ically performs DTMF and energy detection.

COMMAND FORMAT :
byte 1 =01111111
byte 2 = 00000001
byte 3 = nbfr MSB
byte 4 = nbfr LSB

nbfr : number of speech frames to be
processed :

nbfr = 0 mode changing is forced by the
microcontroller

nbfr 0 after nbfr frames procéssing, the
ST18XSTAR automatically enters in the
“DEFAULT” mode.

REPORT FORMAT :
byte 1 = status byte

“SPEECH SYNTHESIS”

In this mode, the ST18XSTAR performs speech
synthesis word templates stored in a ROM. This
mode operates properly only if “SYNTHESIS" ini-
tialisation has been processed before the mode
call. The message is selected during the “SYN-
THESIS" initialisation request. While in this mode,
the ST18XSTAR automatically performs DTMF
and energy detection.

COMMAND FORMAT :
byte 1 =01111111
byte 2 = 00000010
byte 3 = nbfr MSB
byte 4 = nbfr LSB

nbfr : number of speech frames to be
processed
nbfr = 0 mode changing is forced by the
microcontroller

nbfr 0 after nbfr frames processing, the
ST18XSTAR automatically enters in
the “DEFAULT” mode.

REPORT FORMAT :
byte 1 = status byte

Request description
Status request

uNopn

This request is allowed with any mode. It can be
used to get the status byte value (cf. Introduction).

REQUEST FORMAT :
byte 1 = 10010001

REPORT FORMAT :
byte 1 = status byte

“SYNCHRO”

This request is available with any mode. It allows
the communication with the microcontroller to be
synchronized with the DSP operation, in order to
exchar)19e data every speech frame (typically every
30 ms).

If a SYNCHRO request is sent by the microcontrol-
ler during the current frame, it will be answered at
the beginning of the communication window al-
lowed by the ST18XSTAR in the next frame.

REQUEST FORMAT :
byte 1 =10010010

REPORT FORMAT :
byte 1 = status byte

“GET INFORMATION ON EVENT”

This request is available with any mode.

The first byte is the current information status: the
error status is cleared at each request execution,
the event status is cleared at the beginning of each
frame.

The second byte is a memorized information
status, which contains the latest no-null error
status, and the latest no-null event status. They are
cleared when the “GET INFORMATION ON
EVENT” request is called.

L3y, S6s-THOMSON 13/42
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

INFORMATION BYTE DESCRIPTION :

information byte = wdiomnbe
w = 1 wrong request operand

|
d =1 illegal request || error
u =1 user error || status
0 =1 overrun Il
m= 1 memory shortage || event
n = 1 nbfr frames processed || status
b = 1 message begin reached ||
e = 1 message end reached Il

REQUEST FORMAT :

byte 1 = 10010011

REPORT FORMAT :
byte 1 = status byte
byte 2 = dwuomnbe current information

byte
memorized informa
tion byte

if u=1 user error number

byte 3 = dwuomnbe

byte 4 = uuuuuuu
Initialisation requests

“AUDIO-RAM INITIALISATION”

This request is only allowed in “WAIT” mode, to de-
fine the message storage memory configuration
actually used with the ST18XSTAR.

The microcontroller can reserve one part of the
audio-RAM memory for its own use.

The message allocation table is re-initialized when
this request is executed.

REQUEST FORMAT :

byte 1 = 10100001

byte 2 = 00000000

byte 3 = 000sbmac with

s = 0 dynamic memory (SMI inter-

face)
static memory (SMl interface)
1 bit word size
4 bits word size
1 Mw memory size
4 Mw memory size
dynamic RAM
audio RAM
1 dynamic memory chip
2 dynamic memory chips
byte 4 = rrrrrrrr number of kilobytes reserved
for the microcontroller

compm3zgzoon
o W ouown
“~0O0-40=s0=0=
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REPORT FORMAT :
byte 1 = status byte

“CONVERTER INITIALISATION (A/D AND D/A)’
This request in only authorized in a “WAIT” mode.

REQUEST FORMAT :
byte 1 = 10100010
byte 2 = 000000ii

ii = 00 ADINO

ii =01 ADIN1

ii = 10 ADIN2

ii =11 ADIN2
byte 3 = s00aaaaa initialization of the
DAOUTO output :

s =1 DAOUTO is selected

attenuation value on DAOUTO :

aaaaa = 00000 no attenuation

aaaaa = 00001 1 dB of attenuation

input selection :

aaaaa = 11100 28 dB of attenuation

aaaaa = 11101 29 dB of attenuation

aaaaa = 11110 infinite attenuation

aaaaa = 11111 infinite attenuation
byte 4 = s000aaa0 initialization of the
DAOUT1 output :

s =1 DAOUT1 is selected

attenuation value on DAOUT1 :

aaaa = 0000 no attenuation

aaaa = 0001 2 dB of attenuation

aaaa = 1110 28 dB of attenuation
aaaa = 1111 infinite attenuation

REPORT FORMAT :
byte 1 = status byte

“AUTOTEST”
This request is only authorized in a “WAIT” mode.

REQUEST FORMAT :
byte 1 = 10100011

REPORT FORMAT :
byte 1 = status byte
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

“LOW-POWER STATE”

This request is only authorized in a “WAIT” mode to
put the ST1I8XSTAR in a “low-power” state.

The ST18XSTAR exits from the low-power state as
soon as the the microcontroller sends a new com-
mand.

REQUEST FORMAT :
byte 1 = 10100100

REPORT FORMAT :
byte 1 = status byte

Mode Initialisation

“IDLE INITIALISATION”
This request is only authorized in a “WAIT” mode.

COMMAND FORMAT :
Mbyte 1 = 10110001

REPORT FORMAT :
byte 1 = status byte

“DTMF INITIALISATION”
This request is only authorized in a “WAIT” mode.

COMMAND FORMAT :
byte 1 =10110010

REPORT FORMAT :
byte 1 = status byte

“DEFAULT INITIALISATION”
This request is only authorized in a “WAIT” mode.

This request selects the mode processed by a
“DEFAULT” mode call.
COMMAND FORMAT :
byte 1 = 10110011
byte 2 = default mode opcode

REPORT FORMAT :
byte 1 = status byte

L7 SGS-THOMSON
7’5 MICROELECTRONICS

“TONE GENERATION INITIALISATION”

This request is only authorized in a “WAIT” mode.
It defines the frequency and amplitude values of
the tones to be generated by the ST1I8XSTAR.

COMMAND FORMAT :

byte 1 = 10111000

byte 2 = tone frequency 1 MSB
byte 3 = tone frequency 1 LSB
byte 4 = tone amplitude

byte 5 = tone frequency 2 MSB
byte 6 = tone frequency 2 LSB
byte 7 = tone amplitude

REPORT FORMAT :
byte 1 = status byte

“TONE DETECTION INITIALISATION”

This request is only authorized in a “WAIT"mode. It
defines the characteristics of the tones to be de-
tected by the ST18XSTAR for line monitoring.

COMMAND FORMAT :

byte 1 =10111110
byte 2 = to be defined

REPORT FORMAT :
byte 1 = status byte

“RECORD INITIALISATION”

This request is only authorized in a “WAIT"” mode.
This request creates an entry in the allocations ta-
ble, and initializes the speech coding.
COMMAND FORMAT :
byte 1 = 10000000
byte 2 = 00000000
byte 3 = 000000FV

F = 0 Error correction disabled
F =1 Error correction enabled
V =0 VAD disabled
V=1 VAD enabled

REPORT FORMAT :
byte 1 = status byte

“PLAYBACK INITIALISATION”
This request is only authorized in a “WAIT” mode.

This request is looking for the entry of the message
to be played back.
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

COMMAND FORMAT :
byte 1 = 10000000
byte 2 = 00000010
byte 3 = 000000F0
F = 0 Error correction disabled
F =1 Error correction enabled

REPORT FORMAT :
byte 1 = status byte

“PLAYBACK SPEED INITIALISATION”

This request is only authorized in “WAIT” or “PLAY-
BACK" mode. This request selects the play-back
speed.
COMMAND FORMAT :
byte 1 = 10000000
byte 2 = 00000011
byte 3 = 000000ss
ss speed
ss = 00 normal speed
ss = 01 low speed (0.7 x normal)
ss = 10 fast speed (1.5 x normal)

REPORT FORMAT :
byte 1 = status byte

“SYNTHESIS INITIALISATION”

This request is only authorized in a “WAIT” mode.
It is used to initialize the Speech Synthesis mode.
COMMAND FORMAT :
byte 1 = 10000000
byte 2 = 00000100

REPORT FORMAT :
byte 1 = status byte

Message requests
“MESSAGE RENUMBERING”
This request is authorized only in “WAIT” mode.
The ST18XSTAR will renumber all the messages
stored in the ARAM, starting from number 1 and in-
crementing the numbers (with a step 1) in respect-
ing the message order.
REQUEST FORMAT :
byte 1 = 11000001
REPORT FORMAT :
byte 1 = status byte
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“CREATE A MESSAGE”

This request is only authorized in “WAIT” mode.
The ST18XSTAR will create a new entry in the al-
location table.

REQUEST FORMAT :
byte 1 = 11000010
byte 3 = nnnnnnnn message number
byte 4 = 00000ddd day
byte 5 = 000hhhhh hour
byte 6 = 00mmmmmm  minute

REPORT FORMAT :
byte 1 = status byte

“DELETE A MESSAGE”

This request is only authorized in “WAIT” mode.
The ST18XSTAR will delete the specified mes-
sage. The number of the remaining messages is
not changed.

REQUEST FORMAT :
byte 1 = 11000011

byte 2 = 00nnnnnn message number

REPORT FORMAT :
byte 1 = status byte

“SET CURRENT MESSAGE NUMBER”

This request, only authorized in a “WAIT” mode,
selects the number of the message to be played
back.

REQUEST FORMAT :
byte 1 = 11000100

byte 2 = 00nnnnnn message number

REPORT FORMAT :
byte 1 = status byte

“MESSAGE SUMMARY”

This request is only authorized in a “WAIT” mode.
The ST18XSTAR returns to the microcontroller in-
formation on the message memory and allocation
table : number of recorded messages, memory
and allocation table used.

REQUEST FORMAT :
byte 1 = 11000101




ST18XSTAR

SOFTWARE MANAGEMENT OF ST18XSTAR (Continued)

REPORT FORMAT :
byte 1 = status byte
byte 2 = Number of recorded messages
byte 3 = mmmmmmmm ARAM space used
in sectors ($FF = full)
Alloc table space
used in % ($FF = full)

byte 4 = aaaaaaaa

“INFORMATION ON A SPECIFIED MESSAGE”

This request is only authorized in “WAIT” mode.
The ST18XSTAR returns information on a speci-
fied message.

REQUEST FORMAT :
byte 1 = 11000110

byte 2 = nnnnnnnn message number

REPORT FORMAT :
byte 1 = status byte
byte 2 = 00000ddd day
byte 3 = 000hhhhh hour
byte 4 = 00mmmmmm  minutes

byte 5 = Il message length
byte 6 = I message length
“MESSAGE REWIND”

This request is only authorized in “WAIT” mode.
The ST18XSTAR rewinds backward or skips for-
ward inside the current message.

After rewind, the end of the message can be de-
leted.

REQUEST FORMAT :
byte 1 = 11000111
byte 2 = 000000rc
rc = 00 rewind and delete until end of
message

rc = 01 no action
rc = 10 rewind
rc = 11 skip forward
byte 3 = sqqqqqaq
s= 1andr =11 go to end of message
s =1 and rc = 10 go to beginning of
message
byte 4 = pppppppp
When s = 0, the number of frames to re
wind or skip is given by qqqqqqaq
(MSB) and pppppppp (LSB).

REPORT FORMAT :
byte 1 = status byte

Ly SGS-THOMSON
Y/, scrotizcTRoNIcS

“FIXED MESSAGE COMPOSITION”

This request is only authorized in “WAIT” mode.
The ST18XSTAR specifies the sequence of fixed
words to be synthesized.
REQUEST FORMAT :
byte 1 = 11001000

byte 2 =0000nnnn Number of words to
be synthesized
bytek =j 3 <=K <= nnnn+2
The (k-2)th word in the
sequence is the word
“j” of the phrase.
REPORT FORMAT :

byte 1 = status byte
Detection Requests

“SIGNAL INFORMATION REQUESTS”

Read current energy detection thresholds
This request is available with any mode.

REQUEST FORMAT :
byte 1 = 11010000

REPORT FORMAT :
byte 1 = status byte
byte 2 = 0ddddddd Energy detection

threshold (in dB)

Energy missing

threshold (in dB)

byte 4 = 0ddddddd 300-550 Hz detection
threshold (in dB)

byte 5 = Ommmmmmm 300-550 Hz missing

threshold (in dB)

byte 3 =0mmmmmmm

“PROGRAM CURRENT ENERGY DETECTION
THRESHOLDS”

This request is available with any mode.

REQUEST FORMAT :
byte 1 = 11010001

byte 2 = 0ddddddd Energy detection
threshold (in dB)
byte 3=0mmmmmmm Energy missing
threshold (in dB)
byte 4 = 0ddddddd 300-550 Hz detec
tion threshold (in dB)
byte 5 = Ommmmmmm 300-550 Hz missing
threshold (in dB)
REPORT FORMAT :
byte 1 = status byte
17/42
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“INFORMATION ON ENERGY LEVEL"

This request is available with any mode.
The ST18XSTAR returns two bytes to give the en-
ergy of the received signal.

REQUEST FORMAT :
byte 1 = 11010010

REPORT FORMAT :
byte 1 = status byte
byte 2 = 0ddddddd energy level (in dB)
byte 3 = Ommmmmmm 300-550Hz signal
energy (in dB)

“INFORMATION ON DTMF DETECTION AND
ENERGY”

This request is available with any mode.

The ST18XSTAR provides one byte of information

on DTMF and energy detection for each 5ms sub-

frame.

For each frame, the ST18XSTAR returns six bytes

to give the state of the received signal. For each 5

ms subframe, the state of the signals e, k and v, is

as follows :

- E (bit 6) = 1 if energy level of the received sig-
nal is higher than the upper threshold

- e (bit 5) = 1 if the 300-550Hz signal is higher
than the programmed detection threshold.

- k (bit 4) = 1 if a DTMF value has been decoded

- v (bits 3 to 0) is the DTMF decoded key. This
key is valid if k = 1.

Note :

Only bytes with bit 7 (s) set to “1” are significant, i.e.

some bytes are not valid for frame duration shorter

than 30ms.

REQUEST FORMAT :
byte 1 = 11010011

REPORT FORMAT :
byte 1 = status byte
byte 2 to byte 7 respectively provide the infor
mation for the six 5ms subframes.
Each of these bytes is coded as follows

18/42
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Figure 8. DTMF Register
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“INFORMATION ON TONE DETECTION”

This request is valid only during “TONE DETEC-
TION” mode.

The ST18XSTAR returns one information byte for
each 5ms subframe, i.e. for each 30ms frame.

REQUEST FORMAT :
byte 1= 11010100

REPORT FORMAT :
byte 1 = status byte

byte 2 to byte 7 respectively provide the infor
mation for the six 5 ms subframes.

Each of these bytes is coded as follows : each
bit corresponds to the result of a filter
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Figure 9. Example of Energy Detection
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Important note :

With respect to the signal received at the A/D con- ST18XSTAR is delayed by a processing time of
verter input, the information provided by the 30 ms plus the transit time in the digital filters.
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Figure 10. Example of 300-550Hz Energy Detection
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Important note :

With respect to the signal received at the A/D con- ST18XSTAR is delayed by a processing time of
verter input, the information provided by the 30 ms plus the transit time in the digital filters.

20/42 LNy SGS-THOMSON
’lo MICROELECTRONICS
244




ST18XSTAR
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Figure 11. Example of DTMF Detection (Reception of values 3 and 8)

A
Receive
. DTMF 3 DTMF 8
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dt2 (<20ms)
Signal
k
* dt1 (<20ms)
L e e e e e e e e
Frrrrrrrerrrrrrrryrrr Ty e TrTyrTd
Frame t Frame t+1 | Frame t+2 | Frame t+3 | Frame t+4
BYTES SENT TO THE MICROCONTROLLER
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s |s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s
e |-|-1-1-1-1=-t-1-t-1-1=1-0-1-1-1-]=-1=0-1=]-1-]-1-4-1-]-|-/-{-0-|-]-
E |0{0(0|0[0|0]0O|0|0|0(0O({0}O[0|0|0|0|0|O(O|O(0O[O[O]O|0|0|0|0|0|O(0(Of
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v |0[{0|0(0{0|0]0|0|0|0|0|0jO|O|0({0[0|0fjO|0|0O|0O|0|0jO[O|O[O[O]|Of1|1]|1
v |0|0j0|0j0j0jOo{0|0|0|O|0j0|0[0({0{0O{0JO|0O|O|0|0|0jO|0O|O|O[0O|0]0|0|0
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v |0|0|0(0[0|0]|0|0|0|1|1|1}1|1|1|1]{1{0]0|0|0|0|0O|0O|jO[0O|0O|0[0|0|0]0|0
LSB VR001930
Important note : Reserved opcodes

With respect to the signal received at the A/D con- The opcodes %11110000 to %11111111 are re-

verter input, the information provided by the served.
ST18XSTAR is delayed by a processing time of
30 ms plus the transit time in the digital filters.
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6 APPENDIX
6.1 STI8XSTAR HARDWARE
MEMORY
f————— J______
|
|
: SYNTHESIS :
| ROM !
| |
e e
STORAGE
ROM [~ MEMORY
COEFFICIENTS INTERFACE
HOST MAILBOX
INTERFACE
DATA
RAM
ST18932
CLOCK XTAL
DSP CORE GENERATOR
|
T |
A D D
PROGRAM D M A
ROM
(e} A C
ANALOG ANALOG
IN ouT
VR001692
Note: Synthesis ROM is to be defined
22/42 .
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ST18XSTAR

6.2 ELECTRICAL CHARACTERISTICS

Warning: Following electrical characteristics and timings are related both to ST18XSTAR and
ST18RXSTAR versions.

Absolute Maximum Ratings

Symbol Parameter Value Unit Note

Vop Supply Voltage -0.3t07.0 Vv 2
ViN Input Voltage -0.3t07.0 \ 3
Ta Operating Temperature Range 0to 70 °C

Tsta StorageTemperature Range -55to 150 °C

Powmax Maximum Power Dissipation 1 w
lour Analog Output Current -200 to 200 HA

Notes:

1 Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional operation

of the device at these or any conditions beyond those indicated in the operational sections of this specification 1s not implied

Exposure to maximum rating condttions for extended periods may affect device reliability Standard MOS circuits handling procedure should be
used to avoid possible damage to the device

2. With respect to GND
3. With respect to GND and with the condition Vin < Vop + 0.5V

DC Electrical Characteristics
(Voo =4.5Vt05.5V, Ta=0to 70°C)

Digital I/0O Characteristics

Symbol Parameter - Min, Typ. Max. Unit Note
Voo Supply Voltage 45 5.0 5.5 \"
ViL Input Low Level -0.3 - 0.8 \'
Vin Input High Level (except EXTAL) 2.2 - Vop+0.3 \"
ViHE Input High Level (on EXTAL) 2.7 - Vbp403 "

In Input Leakage Current (except EXTAL) -10 +10 uHA 1
Iinex Input Leakage Current on EXTAL +20 nA 1
Vou Output Low Level (IOL = 1.6mA) - - 0.4
VoH Output High Level (IOH = -400pA) 2.7 - - \'

oo Supply Current (Full Operation 33MHz) 125 mA 3
Iss Stand-by Current (DRAM Refresh only) 1.5 mA 2,3
ITsi Three-State (Off State) Input Current -20 +20 uA
Cin Input Capacitance 10 pF

Notes:

1 Testconditions ViL <=0 4V, Vi =Yoo
2 Allinputs MUST be connected
3 Relative to STI8XSTAR only

<71 SGS-THOMSON 23/42
’L MICROELECTRONICS
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ST18XSTAR

6.3 ANALOG I/0 CHARACTERISTICS
Voltage References And Power Supply

F=1kHz, Vac=200mVpp

Symbol Parameter Min. Typ. Max. Unit
AVpp Supply Voltage 45 50 55 \
AVss Ground 0 \'
Vem Output Common Mode Voltage 25 Vv
VRH Output High Reference Voltage 375 \"
VaL Output Low Reference Voltage 125 "
ABIAS Input BIAS Control 50 A
Rx Chain Characteristics
(Measurement Band: DC to 3.4kHz)
Symbol Parameter Min. Typ. Max. Unit
Vums Input Maximum Swing 25 Vep
Rin Input Resistance 100 k€2
Cin Input Capacitance 20 pF
Gass Absolute Gain at 1kHz -0.5 0 05 dB
THD Total Harmonic Distors. at -6dB, 1kHz -70 dB
SDR " Signal Dynamic Range 80 dB
ponn | Foner Suppy Peeion Rt % ®
Note 1. Measurement made at -10dB
Tx Chain Characteristics
Symbol Parameter Min. Typ. Max. Unit
Vowms Output Maximum Swing 280 mV
ZL Load Impedance 1 KQ
10 Output Current 200 A
Rout Output Resistance 10 Q
VorrouT Output DC Offset -100 +100 mV
ArT Absolute GAIN at 0dB Nominal Value 0 dB
RAT Attenuation Relative to Nominal Value -0.5 0.5 dB
THD Total Harmonic Distors at -6dB, 1kHz dB
SDR Signal Dynamic Range dB
PSRR Power Supply Rejection Ratio 40 dB

24/42
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ST18XSTAR

6.4 AC ELECTRICAL CHARACTERISTICS
Test Condition
A crystal can be connected accross XTAL and EX-

Typical Crystal Equivalent Circuit

TAL functioning in the parallel resonant fundamen- Rs G L
tal mode, AT-cut. 1
Clock Connections XTAL EXTAL
CRYSTAL GLOCK ﬁz
I VRO1842
Typical values Rs = 10Q
C1=002pF
XTAL EXTAL C2=4pF
Q> 30k
l:l AC Measurement Loads
T T T
VR01941
CL1 CL2 typical value = 10pF IgL=2mA
AC Testing Input Output Waveform
To ALL
2.4v — vy OUTPUTS Vrer=15V
" 50pF
>TEST POINTS < I
1ov 10V
0 4v
1 o= 300uA
VR016298 o “
A C TESTING. Inputs are driven at 2 4V for a logic “1” and 0 4V for VR01940
alogic “0” iming measurements are made at 2V for a logic “1” and at
1 0V for a logic “0”
[Ny SGS-THOMSON 25/42
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ST18XSTAR

6.5 CLOCK CHARACTERISTICS

A 4.096MHz crystal must be connected beetween - the ST18932 DSP core
This block generates the clock for : - rtel';craeztr?glgsk.memory interface and the DRAMS
Symbol Parameter Min. Typ. Max. Unit
FX Main Oscillator Frequency EXTAL - 4096 - MHz
1 EXTAL Cycle Time (T) - - 244 ns
3 EXTAL Rise and Fall Time - 5 ns
4 PLL Start-up Time (" 65.536T - - ns

Note 1. Delay measured with a stabilized EXTAL signal when the ST18XSTAR is recovering from low-power mode

CLOCKS AND CONTROL SIGNALS

N° Parameter Min. Max. Unit
EXTAL Frequency 4.096 MHz
1 EXTAL CYCLE TIME (T) 2.44 ns
2 EXTAL Pulse Width (f = 4.096MHz) ns
3 EXTAL Rise and Fall Times 5 ns
4 PLL Start-up Time " 65.536T ns
5 CLKINC (Input) Cycle Time 30 DC ns
6 CLKINC (Input) Pulse Width 10 ns
7 CLKINC (Input) Rise and Fall Times 5 ns
8 CLKINA (Input) Cycle Time 30 40 ns
9 CLKINA (Input) Pulse Width 10 ns
10 CLKINA (Input) Rise and Fall Times 5 ns
11 CLKOUT Cycle Time (EXTAL = 4.096MHz) 60 DC ns
12 CLKOUT Incycle Rise and Fall Times 5 ns
13 CLKOUT to Incycle delay -5 +5 ns
14 BEO, BE1, MTOD, LP, HALT, NOP Set up Time 25 ns
15 BEO, BE1, MTOD, LP, HALT, NOP Hold Time 0 ns
16 CLKOUT High to LPACK Low Delay 25 ns
17 CLKOUT High to LPACK High Delay 15 ns

Note 1. This delay is measured with a stabilized EXTAL signal when the ST18XSTAR is recovering from low-power mode

26/42 r ~-THOMSO!
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

AC Electrical Characteristics, Clocks And Control Signals

3 W3
:' -~ |
EXTAL 1 -f
| | I
| 2 | 2 |
< 1 o
! 6 y 7 .! ‘7 |
woe SV F L F L L
|<—>| |
| 5 |
] | \ 10
Sud0 ' 9 |
[ | (i
CLKINA _i.t o } ][
= > |
| 8 o
[ |
w12 n12 [
CLKOUT f' 5&' ’( \
I 1, )
13 I3 12 12
| >!_ ! |
INCYCLE | :
|
14 : 1+ 15
BEO,BE1,MTOD - ,
(P.AALT.NOP, ! |_’l
TEST . !
I 16 | 117
- f-— ——p—
{PACK ]( '[l
VR001936

27/42
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)
Instruction Bus

N° Parameter Min. Max. Unit
30 | MP/MC to CLKOUT Setup Time 20 ns
31 | CLKOUT to MP/MC hold Time 5 ns
32 | CLKOUT to EPM Delay 20 ns
33 | CLKOUT to WPM Delay 20 ns
34 | CLKOUT to Instruction Address Valid Delay 20 ns
35 | DATAIN to CLKOUT Setup Time 20 ns
36 | CLKOUT to DATAIN 5 ns
37 | CLKOUT to DATA OUT Valid Delay 25 ns
38 | CLKOUT to DATA OUT Hold Time 0 ns

AC Electrical Characteristics: Instruction Bus

CLKOUT }’—\ I] \

I
130301 30 | ! b3 |
! | [ ] ] i
_ —
MP/MC | I I | ‘ |
&_l_}, I I I \
132, 32 : : :
_ i y—‘—\. ' | | l —
EPM | | 1 1 1
o o 33 3 ;
! I L e !
_ : | |
! | ! [ I !
1 34 | | | | |
i ! ! I !
|
IAO—1A15 FFFFh x )(
i X 135136 ! I35536?( | |
] {4—»04—»: :4——>'<—>ll I ]
IDO-ID31 '
DATA IN ) | | \ |
| | |
i 37 138
1D0-1D31 | | [ | [
DATA OUT | I R I |
| | 1 1 | | |
VR001937
28/42 LNy SGS-THOMSON
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Storage Memory Interface

Values are given with:

- CLK = 4.096MHz (EXTAL)

- CLK Ratio = CLK High Level duration
- CLK Period = 40% to 60%

Switchings Characteristics For Dynamic Memories Accesses

N° Parameter Min. Typ. Unit
40 Read or Write Cycle 1 us
41 | RASO (or 1) Low Pulse Duration 750 ns
42 | CASLow Pulse duration 500 ns
43 | Delay Time. RASO (or 1) Low to CAS Low 225 ns
44 | Row-Address to RASO (or 1) Setup Time " 75 ns
45 | Row-Address Hold Time after RASO (or 1) Low (" 75 ns
46 | Column-Address Setup Time before CAS Low (") 75 ns
47 | Column-Address Hold Time after CAS Low 225 ns
50 | MWE Setup Time before CAS Low (" 325 ns
51 | MWE Hold Time after CAS and RASO (or 1) high () 75 ns
52 | WRITE. Data Setup Time ") 325 ns
53 | WRITE. Data Hold Time " 575 ns
60 | CbR.RASO (and 1) Low Pulse Duration " 575 ns
61 | CbR. Delay Time CAS Low to RASO (and 1) Low 75 ns
62 | CbR.Delay Time RASO (and 1) Low to CAS High (" 575 ns
63 | CbRMWE High Setup Time before RASO (and 1) Low 225 ns
64 | CbR.MWE High Hold Time after RASO (and 1) Low 725 ns
Note 1. Parameter affected by the clock CLK ratio.
CbR means* CAS-before-RAS Refresh Cycle
Timing Requirement For Dynamic Memories Read Accesses
N° Parameter Min. Typ. Unit
54 | Read. CAS to Outputin Low-Z 225 ns
55 Read. Data Setup Time before CAS High 25 ns
56 | Read. Data Hold Time after CAS High 0 ns
57 | Read. Data Bus Release after CAS High 75 ns
29/42
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Switching Characteristics For Static Memories accesses

N° Parameter Min. Typ. Unit
70 Read or Write Cycle Duration , 1 us
i MCS Low Pulse Duration 750 ns
72 Address and MWE Setup time before MCS Low 75 ns
73 | Address and MWE Hold time after MCS High " 75 ns
74 | WRITE. Data Setup Time " 75 ns
75 | WRITE Data Hold Time '"! 75 ns

Note 1. Parameter affected by the clock CLK Ratio

Timing Requirement For Static Memories Read Accesses
N° Parameter Min. Typ. Unit
76 | Read MCS to Output in Low-Z 475 ns
77 | READ Data Setup Time before MCS High 25 ns
78 | READ Data Hold Time after MCS High 0 ns
79 | READ Data Bus Release after MCS High 75 ns

30/42
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)
Dynamic Memories Write Cycle Timing

Memory Access Cycle

Exm_r ] \ [\ Fm

40 , ,
T |
> 41 ! :
[ . i |
RASO or RAS! l L , ‘
I I
| 43 L 42 :
= . .
chs | L /
|44 145 46 1 47 N !
[ r 1

ua YRR v WO om0 XXX
| 50
I

1
.
1
I
I
L
|
!
|

53

MD VALID DATA QUT )(XXXXXXXXX}(

VR001926

Dynamic Memories Read Cycle timing

Memory Access Cycle

ST e U e W e W e W e

40 , ,
T |
I 41 | I
- 1 ]
‘ I y \'
RASO or RAS1 |
H I
l 43 | 42 i
cas ! \ !
L 44 145 | | 46 | 47 '
[ r——
i 50 | 151
———————————
]
. ! '
54 551 56
b———’
I ! nisnia i
o X000 {00 YRR
r L | . |
57 |
(1) VALID DATA IN = VROA1926
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

CAS-before-RAS Refresh Cycle

Memory Access Cycle

EXTAL _y;\ , \ / \ j \ ? ~

RASO and RAS1

| 40 ,
| 60 K i
=~ |
‘\ :f_'__\'
| N I
[ 62 !
i !
|
|
L 1'
63 | 64 -
)

i

VR0OB1926

Static Memories Write Cycle Timing

Memory Access Cycle

CLK

| A Y [ W B W

70 1
1
71 | !
| |
[ L
[l ! 1
72 4 y 73,
T72 H 73
' | ‘|<—>'
— T | 1
1 1
174 ! 175 :
T 1
VROC1926

32/42

256

[’_m SGS-THOMSON

MICROELECTRONICS



ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

‘Static Memories Read Cycle Timing

Memory Access Cycle

EXTALJ_\ /_\ I 7\0 ,

71

[ L
72 ] 173,
4
T | 1
I 72 L | 73
1 L
I 76 77178
! | e
. s
79
(1) vALID DATA IN ~ VROD1926
Lyy SGS-THOMSON 83142
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Mailbox Interface

N° Parameter Min. Max. Unit
90 SCS to SRD and SWR Setup Time 10 ns
91 SRD and SWR to SCS Hold Time 10 ns
92 SRD and SWR Pulse Width 30 ns
93 SRD to SD0-SD7(Data Out) Delay 25 ns
94 SRD to SD0-SD7(Data Out) Hold Time 5 ns
95 SRD to SD0-SD7(Data Out) High Impedance 25 ns
96 SD0-SD7(Data In) to SWR Setup Time 15 ns
97 SWR to SD0-SD7(Data In) Hold Time 5 ns
AC Electrical Characteristics: Mailbox Interface
Pt ! 1 ] I
SCS \ J /
| 4 I
190, 92 LN ! !
| i | ' | |
= ' ' | }
SRD m i :
I
| | 1 90, 92 po1
X <
: | ! : : |
I ! : | |
SWR ! I a5 , \L__/./—
|
| i
; 93 | ; 94 : : :
SDO-SD7 | ><><>} !
DATA OUT Q C O|< /4 ! o
L 96 |97
! | |
DATA IN | A
VRO01927
34/42
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Synchronous Serial Interface

N° Parameter Min. Max. Unit
100 BCLK Period 100 ns
101 BCLK Pulse Width 50 ns
’ 102 BCLK Rise and Fall Times 30 ns
103 FS active to BCLK trailing edge Setup Time- 20 ns
104 BCLK trailing edge to FS active Hold Time 5 ns
105 BCLK leading edge to DX valid delay 30 ns
106 BCLK leading edge to DX High Impedance 30 ns
107 DR to BCLK trailing edge Setup Time 20 ns
108 BCLK trailing edge to DR Hold Time 10 ns
Serial Interface Timing
102 102

| (]
| I
I 103 0 104 . ! 1101 101
[ e ———— e ] |
b I o | I | I
| | ! | ! | 100 |
ot Lo —
(2) ! |
Fs LY PN | |
| N — :
| I 105 | | i 1 106
[ ~ I , I
/
DX X sto X Bitn Bt 0 S
] |
s
! I 07y | 108! ! ! '
| | By | : |
OR X Bit 0 X Bitn X  Bit 0 X X
| I ! ! / !
| ! |
! END OF | START OF END OF !
T -0 1
FRAME m ' FRAME (m+1) FRAME (m+1) '

VR001928

Notes:

1 BCLK can be inverted, then the output data (DX) 1s transmitted on the falling edge of BCLK and the input data (DR) is sampled on the rising

edge of BCLK

2 FScanbe a 1-bit or a half-Frame long pulse (positive or negative) in pulse modes operation
FS can be a high or low level, lasting for the whole frame of data in level modes operations
3 When the SSI has the mastership of the bit clock and the frame synchro signals, the BCLK period depends on the DSP-CORE CLKOUT

period and the SSI control register 3

35/42
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Parallel Port

) N’ i Parameter Min. Max. Unit

: 130A ) NT_PA!_FE\AData In) to CLKOUT Setup Time 25 ns
131 ‘ , CLKOUT to P1-P3 (Data In) Hold Time 5 ns
132 E CLKOUT to P1-P3 (Data Out) Delay 25 ns

. 133 i CLKOUT to P1-P3 (Data Out) Hold Time 5 ns

AC Electrical Characteristics: Parallel Port

: Cew DT ? ~ y

| P1-P3

I

1130 131

! DATA IN ] 1 )

: 1132 1133 - ;

! e ) | \

' ! | 1 |

i Pr-P3 X \ :

: DATA CuT - / i

I VR001938
3642 Ly7 SGS-THOMSON
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ST18XSTAR

CLOCK CHARACTERISTICS (Continued)

Data Bus In Debug/Emulation Mode (deb #2)

N° Parameter Min. Max. Unit
140 CLKOUT to ADDRESS Valid Delay 25 ns
141 CLKOUT to ADDRESS Hold Time 5 ns
142 CLKOUT to CS Delay 25 ns
143 CLKOUT to RD,WR Delay 5 +5 ns
144 DATA IN to CLKOUT Setup Time 15 ns
145 CLKOUT to DATA IN Hold Time 5 ns
146 CLKOUT to DATA OUT Valid Delay 25 ns
147 CLKOUT to DATA OUT Hold Time 5 ns
148 CLKOUT to DATA OUT High Impedance ns
AC Electrical Characteristics: Data Bus In Debug/Emulation Mode (deb #2)
| | | ' |
| | i
CLKOUT _/—\
W -
(1400 | L4t X
| | L .
AO-A3 -
(PO-P3) : X : : ~ >L
1142 | - ! 14
—= T
o ! .
Cs (5C3) oL : ! -]
o 143 ) 143 b
' T "[ | '\ !
T
RD (SRD) : B | ! 1
! a VY 143 | 143
; T -\ D
WR (SWR) | i “ ' |
] | 1 o
! :144 | 145 : !
DO-D7 ! / \ |
(SDDOA_TiD 7N) : ' b 148,
| | e
: 146 1147 !
DO-D7 ! » ‘
(SD0-SD7) i T I
DATA OUT ' !
VR001939
37/42
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ST18XSTAR

6.6 PACKAGE MECHANICAL DATA

NE
7 Number of Pins Dim. mm inches
N H """"""" w Min | Typ | Max | Min | Typ | Max
1
b A 330 0130
= =
L 3F = a2 | 255] 280 [ 305 [0100[0110]0120
Lo : D [2295[2320]2345[0904[0913] 0923
e ! D1 [1990]2000{20100.783]0.787 |0 791
Ei: ! i D3 1885 0742
ND:E | E D301 C E [1695[1720(1745[0647| 0667|0687
I
i ! : E1 [1390]1400] 1410|0547 0551|0555
=)
12 ! E3 1235 0486
b ! e 065 0026
& = = Number of Pins
i N 100
] i A2 ND 30
E3
- NE 20
E VROA1500
38/42 L[§7 SGS-THOMSO
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Lyy SGS-THOMSON
Y. tiicRoELECTRONICS ST18RXSTAR

ROMLESS STATIC ANSWERING AND RECORDING CHIP

PRELIMINARY DATA

The ST18RXSTAR is the ROMless version of the
ST18XSTAR.

The ST18XSTAR is a high qualty low bit rate
speech synthesis and recording system. Using
ACELP type algorithms for voice compression at
4800bps, it offers the most competitive compro-
mise between speech quality and memory size. It
also includes voice synthesis capability, generated
from a non volatile memory to produce predefined
messages. Including tone and DTMF detectors for
remote control operation, it is suitable for use in an- WY
swering machines, answering telephone sets, PQFP160
cordless answering telephone sets,voice mail sys-
tems and memo recorders.

= Low bit rate (4.8kbps) speech coding and decod-

ing system.

Ultra low bit variable rate (<1.5kbps) speech syn-
thesis message capability.

(Ordering information at the end of the datasheet)

= Voice storage memory capability up to 32Mbits. - Advanced error correction algorithms allowing
» Integrated implementation on one Digital Signal use of ARAMSs.
Processor (DSP) chip. - Programmable call progress and call waiting
P tone generators/detectors including DTMF,com-
= Low power design: ply with PAA/TPA/AGH/1764 specifications.
- Single 5V power supply, ) . . .
a ) - Programmable voice activity detection for si-
- Maximum active power consumption 500mWw, lence compression.
- Sleep power Mode 1.5mA for ARAM refresh. - Programmable output attenuation level (for re-
» Reduced size and power consumption suitable mote call screening).
for standard voice answering and recording ma- - Wide dynamic range ( 48dB).
chines, cordless phones with voice recording ; . o
capability, memo recorders. - PCM 64Kbps coding mode for high-quality in-

coming/outgoing messages.

» Extended modes of operations and features : :
» Versatile Interfaces

- Fast and slow read/skip modes. Messages

monitoring. - 3to 1 muxed single-ended A/D input.

- Voice messages for remote operation through ~ - 2 D/A independently programmable output
telephone line. drivers.

- Possible use of SRAMs, DRAMs, ROMs or - On-chip converters.
EPROMs. - Host processor parallel interface.

September 1993 39/42
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ST18RXSTAR

1 PIN DESCRIPTION

Figure 1. 160 Pin Quad Flat Pack (QFP) Package

160 121
Warning: This pinout is only related to oomr——— Tan
ST18RXSTAR Emulation ROMless version. 1—e 120
2 ] ]
3 =
| |
| |
| |
| |
| |
| |
= =
 — —
40— = 81
1] 10T
41 80  VROG1649
ST18RXSTAR (Emulation ROMIess version) Pinout
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 D31 41 MCI 120 SDé 160 IAQ
2 ID30 42 RDYS 119 SD7 159 1A1
3 D29 43 MC2 118 DTOM 158 1A2
4 D28 44 MC1 117 P1 157 IA3
5 ID27 45 Mco 116 P2 156 1A4
6 ID26 46 EOS 115 P3 155 IAS
7 ID25 47 BOS 114 Vop PLL 154 IA6
8 D24 48 SBACK 113 EXTAL 153 IA7
9 1D23 49 SCOuUT 112 XTAL 152 IA8
10 ID22 50 Voo PROM 111 CLKINC 151 1A9
1 ID21 51 RAS1 110 CLKINA 150 IA10
12 1D20 52 RASO 109 VssPLL 149 1A11
13 ID19 53 CAS 108 Vss OUT 148 1A12
14 ID18 54 MCS 107 INCYCLE 147 1A13
15 ID17 55 MWE 106 LPACK 146 IA14
16 ID16 56 Vop OUT 105 CLKOUT 145 Vss RAM
17 ID15 57 Vss OUT 104 LP 144 IA15
18 ID14 58 MAO 103 AVss SO 143 Vss OUT
19 ID13 59 MA1 102 ADINO 142 Vop OUT
20 Voo IN 60 MA2 101 ADIN1 141 MP/MC
21 Voo RAM 61 MA3 100 ADIN2 140 WPM
22 Vss CLK 62 MA4 99 AVop 139 EPM
23 Voo CORE 63 MAS 98 VCM 138 BEO
24 Vss PROM 64 MA6 97 VRH 137 BE1
25 Vss IN 65 MA7 96 VRL 136 MTOD
26 ID12 66 MA8 95 ABIAS 135 DX
27 ID11 67 MA9 94 AVss POL 134 DR
28 ID10 68 MA10 93 AVss 133 BCLK
29 D9 69 MA11 92 DAOUTO 182 | FS
30 1D8 70 MA12 91 DAOUT1 131 SCs
31 ID7 71 MA13 90 RESET 130 SRD.
32 D6 72 Vss CORE 89 RESETC 129 SWR
33 ID5 73 Voo PERI 88 TEST 128 Vss IN
34 D4 74 MA14 87 HALT 127 | Voo IN
35 ID3 75 MA15 86 NOP 126 SDo
36 ID2 76 MA16 85 Vss PERI 125 SD1
37 D1 77 MDO 84 MD7 124 SD2
38 IDO 78 MD1 83 MD6 123 SD3
39 SCIN 79 MD2 82 MD5 122 SD4
40 SCCLK 80 MD3 81 MD4 121 SD5
40/42 g
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ST18RXSTAR

2 ST18RXSTAR HARDWARE

MEMORY

STORAGE

ROM MEMORY
COEFFICIENTS INTERFACE

HOST MAILBOX
INTERFACE
DATA
RAM
ST18932
CLOCK XTAL
DSP CORE GENERATOR
|

T
A D D
PROGRAM D M A

ROM
c A C
ANALOG  ANALOG
IN out
VR01692A
LNy SGS-THOMSON 41/42
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ST18RXSTAR

3 PACKAGE MECHANICAL DATA

NE
“Number of Pins b
_ 14
=
=
1
i
!
|
' D3 D1
1
i
|
E
1
e
=
_____________ B

VR001500

Dim. mm inches
Min | Typ | Max | Min | Typ | Max
A 392 0 '60
A2 | 317( 342|367 |0*25[0 340144
D [3095{312C|3"45[ 29| 2281238
D1 |2790(2800(28 0| 1098|1102 1106
D3 25 35 0998
E [3095|3120|3145[1219]| 2028|1238
E* |279C|2800|2810|1098)"* 02| * 106
E3 25 35 0998
e 065 0026
Number of Pins
N 160
ND 40
NE 40

42/42
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SALES OFFICES

EUROPE

DENMARK

2730 HERLEV

Herlev Torv 4

Tel (45-44)94 85 33
Telex 35411

Teletax (45-44) 948694

FINLAND

LOHJA SF-08150
Ratakatu, 26

Tel (358-12) 155 11
Telefax (358-12) 155 66

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP 93
Tel (33-1)47 407575
Telex 632570 STMHQ
Telefax (33-1) 47 4079 10

67000 STRASBOURG
20 Place des Ha'les

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

GERMANY

85630 GRASBRUNN
Bretonischer Ring 4
Posttach 1122

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

60327 FRANKFURT
Gutleutstrasse 322

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

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

90441 NURNBERG 20
Erlenstegenstrasse 72
Tel (49-911) 59893-0
Telefax (49-911) 5980701

70499 STUTTGART 31
Mittlerer Pfad 2-4

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

ITALY

20090 ASSAGO (MI)

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

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

40033 CASALECCHIO DI RENO (BO)
ViaR Fucim 12

Tel (39-51) 593029

Telex 512442

Teletax (39-51) 591305

00161 ROMA

Via A Tortonia 15

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

NETHERLANDS

5652 AR EINDHOVEN
Meerenakkerweg 1

Tel (31-40) 550015
Tetex 51186

Tetetax (31-4C) 528835

SPAIN

08021 BARCELONA

Catle Platon 6 4" Floor 5" Door
Tel (34-3) 4143300-4143361
Telefax (34-3) 2021461

28027 MADRID

Calle Albacete 5

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

SWEDEN

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

Telex 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

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

Tel (41-22) 7986462

Telex 415493 STM CH

Telefax (41-22) 7984869

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House Parkway
Globe Park

Tel (44-628) 890800
Telex 847458

Telefax (44-628) 890391




SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R Henrgue Sc naumann 286-CJ33
Te' (65-11)8813 %

Teiex (391, S‘\“QH&UMBR BR

T leletax (55 171 082-2367
* CANADA
! NEPEAN ONTARIO K2H 9C4

301 Moudie Drve Sute 307
Tei (613) 829-9944
Telerax (613) 829-8998

i U.S.A.

NORTH & SOUTH AMIRICAN
* MARKE IING HEADQUARTERS
55 C'a Bedtord Road
Lncolin, MA 01773
Te! (617) 250-0300
Teietax (6171259 4121

~-s

SALES COVERAGE 1Y SIATE

ALABAMA
Plortsvi'e Te 000 133 7095
bar e, 5530020
ARIZONA
Phoenx - Tel 0lr 8676017
Fax 642 867-6,00

CALIFORNIA

Sarta Ara - Tei (714)957-6(,18
bax (714)957-3281

Sar Jose - le «408) 452-8585
Fax 1452) 1549

COLORADO
Bouger - Ter (303)449-90).,0
V Fax 1303) 449-9505

. FLORIDA
' Boca Rator - Tel (4071997-7233
Fax  (407) 997-7554

GEORGIA
Norcross - Tet (404) 242-7444
Fax 4V4) 368-9439

ILLINOIS
Schaumpurg - Te (708)517-1890
| Fax (708)517-1899

INDIANA

Kokome - Ter (317)455-3500
Fax 417,455 3400

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

Jr.

+ MICHIGAN
Livonia- Tel (313)953-1700
Fax (313) 462-407*

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

NORTH CAROLINA
'Cav/ Tei (919) 469-1311
Fax (919) 460-4515

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

NEW YORK
« Poughkeepsie - Tel (914) 454-8813
Fax (914) 454-1320

OREGON

Lake Oswego - Tel (503) 635-7650
TENNESSEE

Knoxvile - Te  1615) 524-6239
TEXAS

Austr - Teo (512 202-3020

Fax (517 3de-6060
Carroitor e 214) Job-8844

Fax 12113 J06-8130
Houstor - Te: (7131 37€-9936

Fax 7173 376-9948
FOR RF AND MICROWAVE
POWER TRANSISTORS CON-
TACT
THE FOLLOWING REGIONAL
OFFICEINTHEUS A

PENNSYLVANIA
Morigomeryville - Ter  (215) 361-6400
Fax (215) 3€1-1293

ASIA / PACIFIC

AUSTRALIA

NSW 2220 HURTSVILLE
7 Qus House

81,
le‘e'ay (61 ) 58UB440

HONG KONG

WANCHAI

22na Fioor - Hopewel: centre
183 Queer s Road Eas'

Te (852) 86145788

Teiev 6U9NA ESGIES HX
leerax (852 8656589

INDIA

NEW DELHI 110019

Liasor O*ce

3rd Floor F-Blogk

International Trade Tower

Merr, Place

Tet 191-71) 644-5928,647-9415
Telex 331-70193 STMIIN
Teietax (91-11) 6424615

MALAYSIA

SELANGOR, PETALING JAYA 46200
Unit BM-10

PJ Industrial Park

Jalan Kemajuan 12/18

Tel (03) 758 1189

Telefax (03) 7538 1179

PULAU PINANG 10400

4th Fioor - Suite 4-03

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

Telefax (04) 379816

KOREA

SEOUL 121

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

Ter (82-2) 553-0399
Telex SGSKOR K29998
Teletax (82-2) 552-1051

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industral Park 2
Te: (65) 4821411

Telex RS 55201 ESGIES

Teletax (65) 4820240

TAIWAN

TAIPEI

12th Floor

325 Section 1 Tun Hua South Road
Te! (886-2) 755-4111

Telex 10310 ESGIE TW

Teletax (886-2) 755-4008

THAILAND

BANGKOK 10110

54 Asoke Road
Sukhumwit 21

Tei (662) 260 7870
Teletax (662) 260 7871

JAPAN

TOKYO 108

Nissex: - Takanawa Bid 4F
2-18-10 Takanawa
Minato-ku

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