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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

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

used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness.
vided with the product, can be reasonably expected to

result in significant injury to the user.
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INTRODUCTION

SGS-THOMSON Microelectronics provides a wide range of microcontroller products to suit all major
application environments. From the high level control of systems (ST9, ST10 and ST20 families), through
a range of intermediate level products (ST7) to controllers offering the economical solutions to the control
of small systems. SGS-THOMSON has introduced the ST6 family, enhanced by the multi-purpose CMOS
technology integrating non-volatile EPROM and EEPROM memories, to continue the level of economy
initially offered by the COPs family.

The ST6 family has been developped to suit fully flexible control systems, by maximising the features
integrated onto the silicon and accordingly minimising the number of external devices required. This brings
the benefit of reducing the total system cost, very attractive for high volume control equipment among
consumer, industrial and automotive applications.

ST62 OVERVIEW

Devices in the ST62 family are designed to exhibit key benefits for noisy environments, with their excellent
EMI characteristics. Built-in hardware features minimise the noise generated by MCU operation and provide
a high immunity to external noise.

Generation of noise is kept low by the careful control of the output buffer switching speeds and by employing
an internal serial databus that minimises the number of transistors that switch simultaneously. The
sensitivity to external noise is minimised by several features including the wide 3 to 6 volt supply voltage
range and built-in protection diodes in the 1/O ports.

Other major benefits include a full choice of EPROM, OTP and ROM versions to cover all needs from
prototyping to high volume production; direct interfacing to analogue sensors, LEDs and power loads such
as triacs and relays with the integral A/D converter and the 20mA output buffers. For user input and
feedback, ST62 family members also provide efficient keyboard scanning configurations and direct LCD
display drive. Several family members offer high reliability EEPROM for parameter storage.

In addition to the EPROM and OTP ROM equivalent parts (for quick preproduction evaluation and test),
shortening the critical development phase, reducing the Time to Market is also aided by full-feature
development support tools: Assembler and Linker, Software simulator, Real-time Hardware Emulators and
production EPROM programmers (see following tables).

Display requirements with LCD displays are easily handled (dot-matrix or static up to 4 way multiplex drive)
by the ST62 LCD driver family members ST624x and ST628x. Brief introductions to these ST62 LCD driver
MCUs are given in this book, for full information on these products please refer to the ST62 LCD Driver
databook 1st edition (reference DBST624xFST/1) or a later edition.

ST62 ROM | RAM | LCD | EEPROM | /O | A/D | LED LCD 8bit | AR | SPI | PACKAGE
K RAM TIMER|TIMER
ST6240 8 192 | 24 128 16 12 4 4x45 2 1 QFP80
ST6242 8 128 | 24 10 6 4 4x40 1 1 QFP64
ST6245 ‘4 128 | 12 64 1 7 4 4x24 2 1 QFP52
ST6280 '8 192 | 128 128 22 12 10 16x48 1 1 1 QFP100
ST6285 8 192 | 96 - 12 8 4 16x40 1 1 QFP80

LED = Led or TRIAC driving AR TIMER = Auto Reload Timer ~ SPI = Serial Peripheral Interface

‘y_l SGS-THOMSON
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INTRODUCTION

Further ST6 family members are dedicated to TV and Satellite tuning control applications (please refer to
the SGS-THOMSON Video Products Databook, Volume 1 Signal Processing, for further information on the
ST63 dedicated products).

GENERAL PURPOSE ST62 OVERVIEW

The General Purpose members of the ST62 family of microcontrollers are Microcontrollers with “standard”
peripherals encompassing most low-end embedded control requirements. It has been seen that nearly all
equipments involving a control system, from children’s animated toys and novelties to industrial and
consumer controllers, have benefited from the use of a microcontroller. Not only from the increased ease
of design, but also with the flexibility for change and upgrade, and system redefinition to differentiate
between models in a range and against competitors.

The ST62 General Purpose Microcontroller family gives different mixes of I/O lines, timers, analog to digital
converters, packages and memory sizes (RAM, ROM/EPROM and EEPROM) to offer a suitable device
for your application’s needs. To help you in choosing, and to provide a quick route to development, the
ST62 Starter Kits are low-cost tools providing program development support, even to the extent of the
included programmers for the equivalent EPROM version. With this, prototypes can be made in the correct
form factor packaging as the final product, greatly optimising marketing and qualification trials. Thus
“General Purpose” means here that there is no dedicated application that the ST6 has been designed for,
the choice is fully open for you, so welcome to the world of the ST62 General Purpose Microcontrollers.

ST62 ROM | RAM EEPROM /o A/D LED 8bit AR SPI PACKAGE
K TIMER | TIMER

ST6210B 2 64 12 8 4 1 DIP20/S020
ST6215B 2 64 20 16 4 1 DIP28/S0O28
ST6220B 4 64 12 8 4 1 DIP20/SO20
ST62258 4 64 20 16 4 1 DIP28/S0O28
ST6230" 8 192 128 36 DIP28/S028
ST6232* 8 192 128 36 DIP42

ST6235* 8 192 128 36 QFP52

ST6260B 4 128 128 13 7 6 1 1 1 DIP20/S020
ST6265B 4 128 128 21 13 8 1 1 1 DIP28/S028

AR TIMER = Auto Reload Timer ~ SPI = Serial Peripheral Interface
* Under Development
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Tools for ST62xx Family

INTRODUCTION

DEVICES EMULATOR
ROM EPROM/OTP COMPLETE DEDICATION BOARD PROBE
ST621X ST62EIX/TIX
ST622X ST62E2X/T2X indluded in EMU
STE21XB STE2E{XBIT1XB ST626X-EMU(3/6V) ST626X-DBE and DBE
ST622XB ST62E2XBIT2XB
)
ST624X ST62E4X/TAX U (i ST624X-DBE (noprobe) | ST6242-PIQFP
ST6242-EMU (with probe) ST6245-PIQFP
ST6245-EMU (with probe)
ST626X ST62E6X/TEX included in EMU
ST629X ST62E9X/TAX ST626X-EMU ST626X-DBE and DBE
ST628X-EMU (no probe) '
ST628X ST62E8X/TEX ST6280-EMU (with probe) ST628X-DBE (o probe) ggggg;ﬁi’;
ST6285-EMU (with probe)
Software tools ST6-SW/PC
STESEX7X/BX _ | STESEBSITES STE3BXEMU ST638X-DBE Included in EMU & DBE
ST6369 ST63EGO/T69
ST31XX STE3ETXX/TIXX STE31XX-EMU ST631XX-DBE
Tools for ST62xx Family (Continued)
DEVICES EPROM PROGRAMMER KIT
ROM EPROMIOTP | SINGLE EPROM |COMPLETE GANG| GANG ADAPTOR
ST6220KIT/220
ST6220-KIT/A10
STe21X | ST62EIXTIX STooEixEpapzo | STEZEIOGPDIP | STGRE1OGPADIP | STG220-KITIUK
STe2X | STe2E2X/T2X e oy |STG2EI0GPISO | STE2E0GPASO |STe2XcKiT220
ST621XB | STE2EIXBITIXB STE2E15.GPDIP | STE2E15.GPADIP | ST622X-KIT/110
ST622XB | STE2E2XB/T2XB ST62E15-GP/SO | ST62E15-GPASO | ST622X-KITIUK
ST622X-PWRKITIS0 .
STE22X-PWRKIT/G0
ST62EAX-EPBPC | STGRE0-GPIQFP | STG2E40-GPNQFP | ST6240-KIT/220
ST624X | STEREAX/TAX ST62EAX-EPBI220 | STGRE2-GPIQFP | STG2E42-GPNQFP | STE240-KIT/110
ST62E4X-EPB10  |ST62E45.GPIQFP | ST62E45GPAIQFP | ST6240-KIT/IUK
STe2EGOGPIDIP | Tooc O SPMOP | sTeaex oz
ST626X | ST62E6X/TeX STGREGKEPB20 | STGREGOGPISO | STZEDOPMSO. | STeaBkekiTH10
STé20X | ST62EGX/TOX ST62EGX-EPB/110 | ST62EGS-GPIDIP STB26X-KITIUK
STy, |sTeeEssGPASO
ST62EQ4-GPADIP
ST62E8X-EPB/220 Under development Under development
ST628X | STE2EBXTEX STG2EBX-EPB10 | 62EBOGPIQFP 62EB0GPAIQFP
Software tools ST62E85-GPIQFP | ST62E85-GPAIQFP | ST62-FUZZYIPC
ST636X/7X/8X| STE3ESS/TES ST638X-EMU ST638X-DBE Included in EMU & DBE
ST6369 | ST63E6Q/TE9
STE3IXX | STE3IXXTIXX ST63E1XX-EPB/220
J SGS-THOMSON
Y/ MICROELECTRONICS
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ST6210B-ST6215B
ST6220B-ST6225B

8-BIT HCMOS MCUs WITH A/D CONVERTER

= 3.0 to 6.0V Supply Operating Range

= 8 MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
= Run, Wait, Stop Modes

= 5 different interrupt vectors

= Look-up table capability in ROM

= User ROM: 1828 bytes (ST6210B, 15B)
3876 bytes (ST6220B, 25B)
= Data ROM: User selectable size
(in program ROM)
= Data RAM: 64 bytes

ROM readout Protection

PDIP20, PSO20 (ST6210B, 20B) packages

PDIP28, PSO28 (ST6215B, 25B) packages

12/20 fully software programmable 1/0 as:

— Input with pull-up resistor

— Input without pull-up resistor

— Input with interrupt generation

— Open-drain or push-pull outputs

— Analog Inputs

m 4 1/O lines can sink up to 20mA for direct LED or
TRIAC driving

= 8 bit counter with a 7-bit programmable prescaler

= Digital Watchdog and Oscillator Safe Guard

= 8 bit A/D Converter with up to 8 (ST6210B, 20B)
and up to 16 (ST6215B, 25B) analog inputs

= On-chip clock oscillator driven by Quartz Crystal,
Ceramic resonator or RC network

= Power-on Reset
= One external not maskable interrupt
= 9 powerful addressing modes

= The development tool of the ST621xB, 2xB mi-
crocontrollers consists of the ST626x-EMU emu-
lation and development system connected via an
RS232 serial line to an MS-DOS PC

Device Summary page 3/67

September 1994

PRELIMINARY DATA

(Ordering Information at the end of the datasheet)

1/67

This is Preliminary Data from SGS-THOMSON. Details are subject to change without notice.
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$T6210B-15B-20B-25B

Figure 1. ST6210B, ST6220B Pin Configuration  Figure 2. ST6215B, ST6225B Pin Configuration

Voo 01 ~—"201 Ves Voo 1 o/ 2801 Ve
TIMER 0 2 191 PAO TIMER ] 2 270 PAO
0SCin [ 3 18 PA1 K 0SCin ﬁs 261 PA1
0SCout [] 4 171 PA2 0SCout ] 4 2501 PA2

NMI [ 5 161 PA3 NM! [ 5 2401 PA3

TesT" O 6 150 PBO/Ain Ain/PC7.0 6 23[) PA4/Ain
RESET [ 7 140 PB1/Ain Ain/PC6 [ 7 221 PA5/Ain
Ain/PB7 é 8 13 PB2/Ain Ain/PC5 [] 8 211 PA6/Ain
Ain/PB6 [} 9 121 PB3/Ain Ain/PC4 ] 9 20 1 PA7/Ain
Ain/PB5 [ 10 1101 PB4/ Ain Test(™ 0 10 191 PBO/Ain
VR01804A RESET [] 11 18 g PB1 / Ain
Ain/PB7 [} 12 1701 PB2/ Ain
Ain/PB6 [] 13 16 ] PB3/Ain
Ain/PB5 [] 14 150 PB4/ Ain

VR001804

Note 1. This piniis also the V ppinput for EPROM based device.

Figure 3. Block Diagram

8 BIT PA0..PA3 (20mA Sink)
A/D CONVERTER PA4..PA7 / Ain*
TEST []
. PBO0..PB7 / Ain
NMI INTERRUPT
PC4..PC7 / Ain *
DATA ROM
USER
SELECTABLE ,

USER PROGRAM
ROM or EPROM DATA RAM

3675 Bytes ) 64 Bytes <::>J TIMER

I3

| ﬁ K| bamac wmcnnoe'

STACK LEVEL 1 [ | * NOT AVAILABLE ON ST6210B / 20B
STAGK LeveL2 S i (1) ST6210 /15
STACK LEVEL 3 il 5] ®
STACK LEVEL 4 8 BIT‘ CORE (2) ST6220 /25
STACK LEVEL 5 T
STACK LEVEL 6 e
POWER ||
SUPPLY I RESET
L=
Voo Ves OSCin OSCout  RESET VR01805B
2/67 LNy SGS-THOMSON
7’0 MICROELECTRONICS
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S$T6210B-15B-20B-25B

GENERAL DESCRIPTION

The ST6210B, ST6215B, ST6220B and ST6225B
microcontrollers are members of the 8-bit HCMOS
ST62xx family, a series of devices oriented to low-
medium complexity applications. All ST62xx mem-
bers are based on a building block approach: a
common core is surrounded by a combination of
on-chip peripherals (macrocells).

The macrocells of the ST6210B, 15B, 20B and 25B
are: the Timer peripheral that includes an 8-bit
counter with a 7-bit software programmable pres-
caler, the 8-bit A/D Converter with up to 8
(8T6210B, 20B) and up to 16 (ST6215B, 25B)
analog inputs (A/D inputs are alternate functions of
I/0 pins), the Digital Watchdog (DWD).

The ST621xB, 2xB are upward compatible with the
ST621x, 2x. They in addition feature enhanced RC
oscillator, Oscillator Safe Guard, Readout Protec-
tion against Piracy and a new External STOP Mode
Control option to enlarge the range of power
consumption/safety trade-offs.

These devices are well suited for automotive, ap-
pliance and industrial applications. The ST62E20B
and ST62E25B EPROM versions are available for
prototypes and low-volume production; also OTP
versions are available. The only difference be-
tween these devices are program memory size and
1/0 pin number, following the table below.

DEVICE SUMMARY
Device ROM (Bytes) 1/0 Pins
ST6210B 2K 12
ST6215B 2K 20
ST6220B 4K 12
ST6225B 4K 20
PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

0OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. When
the QUARTZ/CERAMIC RESONATOR mask op-
tion is selected, a quartz crystal, a ceramic resona-
tor or an external clock signal can be connected
between these two pins. When the RC OSCILLA-
TOR mask option is selected, a resistor must be
connected between the pin OSCout and the
ground. The OSCin pin is the input pin, the OSCout
pin is the output pin.

RESET. The active low RESET pin is used to restart
the microcontroller to thebeginning of its program.

TEST. The TEST must be held at Vss for normal
operation (an internal pull-down resistor selects
normal operating mode if TEST pin is not connec-
ted).

NMI. The NMI pin provides the capability for asyn-
chronous interrupt applying an external not maska-
ble interrupt to the MCU. The NMI is falling edge
sensitive.

On ST6210B, 15B, 20B, 25B the user can select
as ROM mask option the availability of an on-chip
pull-up at NMI pin.

TIMER. This is the timer I/O pin. In input mode it is
connected to the prescaler and acts as external -
timer clock or as control gate for the internal timer
clock. In the output mode the timer pin outputs the
data bit when a time-out occurs.

On ST6210B, 15B, 20B, 25B the user can select
as ROM mask option the availability of an on-chip
pull-up at TIMER pin.

PA0-PA3,PA4-PA7. These 8 lines are organized as
one /O port (A). Each line may be configured under
software control as inputs with or without internal
pull-up resistors, interrupt generating inputs with
pull-up resistors, open-drain or push-pull outputs.
PAOQ-PAS3 can also sink 20mA for direct LED driving
while PA4-PA7 can be programmed as analog
inputs for the A/D converter.,

Note. PA4-PA7 are not available on ST6210B,
ST6220B.

PB0-PB7. These 8 lines are organized as one 1/0
port (B). When the External STOP Mode Control
option is disabled, each line may be configured
under software control as inputs with or without
internal pull-up resistors, interrupt generating in-
puts with pull-up resistors, open-drain or push-pull
outputs and as analog inputs for the A/D converter.
When the External STOP Mode Control option is
enabled, PBO output Mode is forced as open-drain
(push-pull output is not possible). The other lines
are unchanged.

PC4-PC7. These 4 lines are organized as one I/O
port (C). When the External STOP Mode Control
option is disabled, each line may be configured
under software control as inputs with or without
internal pull-up resistors, interrupt generating in-
puts with pull-up resistors, open-drain or push-pull
outputs and as analog inputs for the A/D converter.
When the External STOP Mode Control is enabled
PC7output Mode is forced as open-drain (push-pull
output is not possible) . The otherlines are unchan-

ged.
Note. PC4-PC7 are not available on ST6210B,
ST6220B.

Lﬂ SGS-THOMSON 3/67
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ST6210B-15B-20B-25B

ST62xx CORE

The core of the ST62xx Family is implemented
independently from the /O or memory configura-

Figure 4. ST62xx Core Programming Model

tion. Consequently, it can be treated as an inde-
pendent central processor communicating with 1/0 b7 X REG.POINTER bo
and memory via internal addresses, data, and INDEX r | SHORT
control busses. The in-core communication is ar- | REGISTER | [p7 v REG. POINTER bo| | DIRECT
ranged as shown in Figure 5; the controller being vroon o T
externally linked to both the reset and the oscillator, J
while the core is linked to the dedicated on-chip b7  WREGISTER b0
macrocells peripherals via the serial data bus and
indirectly for interrupt purposes through the control 'b7 ACCUMULATOR ‘M
registers.
> [b11  PROGRAMCOUNTER b0 |
Registers
The ST62xx Family core has six registers and three S —
pairs of flags available to the programmer. They are I SIX LEVELS —
shown in Figure 4 and are explained in the following I STACK REGISTER —
paragraphs. I —
Accumulator (A). The accumulator is an 8-bit — —
general purpose register used in all arithmetic cal-
culations, logical operations, and data manipula-
tions. The accumulator is addressed in the data NORMAL FLAGS
space as RAM location at address FFh. Accordin-
gly the ST62xx instruction set can use the accumu- INTERRUPT FLAGS
lator as any other register of the data space.
Indirect Registers (X, Y). These two indirect regis- NMI FLAGS
ters are used as pointers to the memory locations VA000423
in the data space. They are used in the register-in-
direct addressing mode. These registers can be
Figure 5. ST62xx Core Block Diagram
0,01 TO 8MHz
RESET 0OSCin I:l OSCout
LF
CONTROLLER INTERRUPTS
L1
. AN P
: ll il DATA SPACE
. FLAG CONTROL :
. OPCODE VALUES A SIGNALS ADDRESS / READ LINE
: : DATA
: RAM / EEPROM
| PROGRAM _|
ROM/EPROM | :
NS ADDRESS [N DATA
T .~ | peEcODER ==/ ROM/EPROM
. A-DATA B-DATA
. Lr l\ DEDICATIONS |—-
. \V,
C .| Program Counter ACCUMULATOR
12 . and FLAGS
© | 6 LAYER STACK
T RESULTS TO DATA SPACE ( WRITE LINE )
........................................ : VR001811

4/67
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ST6210B-15B-20B-25B

ST62xx CORE (Continued)

addressed in the data space as RAM locations at
addresses 80h (X) and 81h (Y). They can also be
accessed with the direct, short direct, or bit direct
addressing modes. Accordingly, the ST62xx in-
struction set can use the indirect registers as any
other register of the data space.

Short Direct Registers (V, W). These two registers
are used to save one byte in short direct addressing
mode. These registers can be addressed in the
data space as RAM locations at addresses 82h (V)
and 83h (W). They can also be accessed with the
direct and bit direct addressing modes. Accordin-
gly, the ST62xx instruction set can use the short
direct registers as any other register of the data
space.

Program Counter (PC)

The program counter is a 12-bit register that

contains the address of the next ROM location to
be processed by the core. This ROM location may
be an opcode, an operand, or an address of ope-
rand. The 12-bit length allows the direct addressing
of 4096 bytes in the program space. Nevertheless,

if the program space contains more than 4096
locations, the further program space can be ad-
dressed by using the Program Bank Switch register.

The PC value is incremented, after it is read the
address of the current instruction. To execute rela-
tive jumps the PC and the offset are shifted through
the ALU, where they will be added, and the result
is shifted back into the PC. The program counter
can be changed in the following ways:

- JP (Jump) instruction . . . PC=Jump address
- CALL instruction PC= Call address

- Relative Branch Instructions. PC= PC offset

- Interrupt PC=Interrupt vector
-Reset ......... PC= Reset vector

- RET & RETl instructions . PC= Pop (stack)

- Normal instruction PC=PC +1

Flags (C, 2)

The ST62xx core includes three pairs of flags that
correspond to 3 different modes: normal mode,
interrupt mode and Non-Maskable-Interrupt-mode.
Each pair consists of a CARRY flag and a ZERO

flag. One pair (CN, ZN) is used during normal
operation, one pair is used during the interrupt

mode (Cl, ZI) and one is used during the not-mas-
kable interrupt mode (CNMI, ZNMI).

The ST62xx core uses the pair of flags that corre-
spond to the actual mode: as soon as an interrupt
(resp. a Non-Maskable-Interrupt) is generated, the
ST62xx core uses the interrupt flags (resp. the NMI
flags) instead of the normal flags. When the RETI
instruction is executed, the normal flags (resp. the
interrupt flags) are restored if the MCU was in the

ﬁ SGS-THOMSON

s MICROELECTRORICS

normal mode (resp. in the interrupt mode) before
the interrupt. It should be observed that each flag
set can only be addressed in its own routine (Not-
maskable interrupt, normal interrupt or main rou-
tine). The flags are not cleared during the context
switching and so remain in the state they were at
the exit of the last routine switching.

The Carry flag is set when a carry or a borrow
occurs during arithmetic operations, otherwise it is
cleared. The Carry flag is also set to the value of
the bit tested in a bit test instruction, and partici-
pates in the rotate left instruction.

The Zero flag is setif the result of the last arithmetic
or logical operation was equal to zero, otherwise it
is cleared.

The switching between the three sets of flags is
automatically performed when an NMI, an interrupt
or a RETI instructions occurs. As the NMI mode is
automatically selected after the reset of the MCU,
the ST62xx core uses at first the NMI flags.

Stack

The ST62xx core includes true LIFO hardware
stack that eliminates the need for a stack pointer.
The stack consists of six separate 12-bit RAM
locations that do not belong to the data space RAM
area. When a subroutine call (or interrupt request)
occurs, the contents of each level is shifted into the
next level while the content of the PC is shifted into
the first level (the value of the sixth level will be lost).
When a subroutine or interrupt return occurs (RET
or RETI instructions), the first level register is shif-
ted back into the PC and the value of each level is
popped back into the previous level. These two
operating modes are described in Figure 6. Since
the accumulator, as all other data space registers,
is not stored in this stack the handling of these
registers should be performed inside the subrou-
tine. The stack pointer will remain in its deepest
position if more than 6 calls or interrupts are exe-
cuted, so that the last return address will be lost. It
will also remain in its highest position if the stack is
empty and a RET or RETI is executed. In this case
the next instruction will be executed.

Figure 6. Stack Operation

& PROGRAM COUNTER

STACK LEVEL 1
STACK LEVEL 2.
STACK LEVEL 3
STACK LEVEL 4
STACK LEVEL 5
STACK LEVEL 6

WHEN CALL
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T REQUEST

WHEN
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ST6210B-15B-20B-25B

MEMORY SPACES

The MCU operates in three different memory:
spaces: program space, data space, and stack
space. A description of these spaces is shown in
the following figures.

Program Space

The program space is physically implemented in
the ROM memory and includes all the instructions
that are to be executed, as well as the data required
for the immediate addressing mode instructions,
the reserved test area and the user vectors. It is
addressed by the 12-bit Program Counter register
(PC register) and so the ST62xx core can directly
address up to 4K bytes of Program Space. ST62
devices with more than 4K ROM use ROM banked
program memory (not available on ST6210B, 15B,
20B, 25B).

Table 1. ST6210B, 15B Program ROM Memory

Rom Protection -

The ST621xB, 2xB program space can be protec-
ted against external reading of the ROM contents
when the READOUT PROTECTION mask option
is selected. If this option is selected, the user can
blow a dedicated fuse on the silicon by applying a
high voltage at Vpp (see detailed information in the
“Electrical Specification”).

Note:

Once the fuse is blown, it is no longer. possible,
even for SGS-THOMSON, to gain access to the
ROM contents. Returned parts with blown fuse can
therefore not be accepted. .

Table 2. ST6220B, 25B Program ROM Memory

Device Address Description Device Address Description
0000h-07FFh Not implemented 0000h-007Fh Reserved
0800h-087Fh Reserved User Program ROM

0080h-0F9Fh

User Program ROM 3872 Bytes

0880h-0F9Fh 1828 Bytes

OFAOh-OFEFh Reserved
OFAOh-OFEFh Reserved OFFOh-OFF7h Interrupt Vectors
OFFOh-OFF7h Interrupt Vectors OFF8h-OFFBh Reserved
OFF8h-OFFBh | Reserved OFFCh-OFFDh NMI Vector
OFFCh-OFFDh ' NMI Vector OFFEh-OFFFh User Reset Vector
OFFEh-OFFFh User Reset Vector

6/67
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ST6210B-15B-20B-25B

MEMORY SPACES (Continued)
Figure 7. Memory Addressing Description Diagram

PROGRAM SPACE
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RAM / EEPROM
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] . 03
ROM i * 040h
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084h
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$T6210B-15B-20B-25B

MEMORY SPACES (Continued)

Data Space

The instruction set of the ST62xx core operates on
a specific space, named Data Space, that contains
all the data necessary for the processing of the
program. The Data Space allows the addressing of
RAM, ST62xx core/peripheral registers, and read-
only data such as constants and look-up tables.

Data ROM. All the read-only data is physically im-
plemented in the ROM memory in which the Program
Space is also implemented. The ROM memory
contains consequently the program to be executed,
the constants and the look-up tables needed for the
program.

The locations of Data Space in which the different
constants and look-up tables are addressed by the
ST62xx core can be considered as being a 64-byte
window through which it is possible to access to the
read-only data stored in the ROM memory.

Data RAM. In the ST6210B, ST6215B, ST6220B
and ST6225B products the data space includes 60
bytes of RAM, the accumulator (A), the indirect
registers (X), (Y), the short direct registers (V), (W),
the 1/0 port registers, the peripheral data and
control registers, the interrupt option register and
the Data ROM Window register (DRW register).

As the data space is less than 256 bytes the
ST62xx core can directly address this area and the
Data Bank Switch register (DRBR) has not been
implemented.

Stack Space

The stack space consists of six 12 bit registers that
are used for stacking subroutine and interrupt re-
turn addresses plus the current program counter
register.

8/67 SGS-
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Figure 8. ST6210B,15B,20B,25B Data Memory
Space

000h
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ST6210B-15B-20B-25B

MEMORY SPACES (Continued)

Data Window register (DWR)

The Data ROM window is located from address 040h
to address 7Fh in the Data space. It allows the direct
reading of 64 consecutive bytes located anywhere in
the ROM memory between the addresses 0000h
and 1FFFh (ifimplemented on the particular device).
All the bytes of the ROM memory can therefore be
used to store either instructions or read-only data.
Indeed, the window can be moved by step of 64 bytes
along the ROM memory in writing the appropriate
code in the Write-only Data Window register (DWR
register, location CSh).

The DWR register can be addressed like a RAM
location in the Data Space at the address C9h,
nevertheless it is a write only register that cannot
be accessed with single-bit operations. This regis-
ter is used to move the 64-byte read-only data
window (from the 40h address to 7Fh address of
the Data Space) up and down the ROM memory of
the MCU in steps of 64 bytes. The effective address
of the byte to be read as adata in the ROM memory
is obtained by the concatenation of the 6 least
significant bits of the register address given in the
instruction (as least significant bits) and the content
of the DWR register (as most significant bits, see
Figure 8). So when addressing location 40h of
dataspace, and 0 is loaded in the DWR register, the
phisycal addressed location in ROM is 00h. The
DWR register is not cleared at reset, therefore it
must be written to before the first access to the Data
ROM window area.

Figure 10. Data ROM Window Register

DWR

Data ROM Window Register
(C9h, Write Only)

D7|D6|D5(D4| D3| D2| D1| D0

I— DWRO = Data ROM Window 0
DWR1 = Data ROM Window 1
DWR2 = Data ROM Window 2
DWR3 = Data ROM Window 3
DWR4 = Data ROM Window 4
DWRS = Data ROM Window 5
DWR6 = Data ROM Window 6
Unused

D7. This bit is not used.

DWR6-DWRO. These are the Data ROM Window
bits that correspond to the upper bits of the data
ROM space.

This register is undefined on reset. Neither read
nor single bit instructions may be used to ad-
dress this register.

Note: Care is required when handling the DWR
register as it is write only. For this reason, it is not
allowed to change the DWR contents while execu-
ting interrupt service routine, as the service routine
cannot save and then restore its previous content.
If it is impossible to avoid the writing of this register
in the interrupt service routine, an image of this
register must be saved in a RAM location, and each
time the program writes to the DWR it must write
also to the image register. The image register must
be written first, so if an interrupt occurs between
the two instructions the DWR is not affected.

Figure 9. Data ROM Window Memory Addressing -

&y SETERRN
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ST6210B-15B-20B-25B

TEST MODE

For normal operation the TEST pin must be held low
when reset is active. An on-chip 100kQ pull-down
resistor is internally connected to the TEST pin.

INTERRUPT

The ST62xx core can manage 4 different maskable
interrupt sources, plus one non-maskable interrupt
source (top priority level interrupt). Each source is
associated with a particular interrupt vector that
contains a Jump instruction to the related interrupt
service routine. Each vector is located in the Pro-
gram Space at a particular address (see Table 1).

When a source provides an interrupt request, and
the request processing is also enabled by the
ST62xx core, then the PC register is loaded with
the address of the interrupt vector (i.e. of the Jump
instruction). Finally, the PC is loaded with the ad-
dress of the Jump instruction and the interrupt
routine is processed.

The ST6210B, ST6215B, ST6220B and ST6225B
microcontrollers have six differentinterrupt sources
associated to different interrupt vectors as it is
described in table below.

Table 3. Interrupt Vector/Source Relationship

Associated Vector | Vector Address

Interrupt vector #0

Interrupt Source

NMI pin

(NMI)

(FFCh, FFDh)

Port A pins

Interrupt vector #1

(FF6h, FF7h)

Port B pins

Interrupt vector #2

(FF4h, FF5h)

Port C pins

Interrupt vector #2

(FF4h, FF5h)

TIMER peripheral

Interrupt vector #3

(FF2h, FF3h)

ADC peripheral

Interrupt vector #4

(FFOh, FF1h)

10/67
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Interrupt Vectors Description

— The ST62xx core includes 5 different interrupt
vectors in order to branch to 5 different interrupt
routines in the static page of the Program Space.

— The interrupt vector associated with the non-
maskable interrupt source is named interrupt
vector #0. It is located at addresses FFCh,FFDh
in the Program Space. On ST6210B, ST6215B,
ST6220B and ST6225B this vector is associated
with the external falling edge sensitive interrupt
pin (NMI).

— The interrupt vector located at addresses FF6h,
FF7h is named interrupt vector #1. It is associ-
ated with Port A pins and can be programmed by
software either in the falling edge detection mode
or in the low level sensitive detection mode ac-
cording to the code loaded in the Interrupt Option
Register (IOR).

— The interrupt vector located at addresses FF4h,
FF5h is named interrupt vector #2. It is associ-
ated with Port B and C pins and can be pro-
grammed by software either in the falling edge
detection mode or in the positive edge detection
mode according to the code loaded in the Inter-
rupt Option Register (IOR).

— The two interrupt vectors located respectively at
addresses FF2h, FF3h and addresses FFOh,
FF1h are respectively named interrupt vector #3
and #4. Vector #3 is associated to the TIMER
peripheral and vector #4 to the A/D converter
peripheral.

All the on-chip peripherals have an interrupt re-

. quest flag bit (TMZ for timer, EOC for A/D), that

is set to one when the device generates an inter-
rupt request and a mask bit (ETI for timer, EAI for
A/D) that must be set to one to allow the transfer
of the flag bit to the core.

Interrupt Priority

The non-maskable interrupt request has the hi-
ghest priority and can interrupt any other interrupt
routines at any time, nevertheless the four other
interrupts can not interrupt each other. If more than
one interrupt request are pending, they are proces-
sed by the ST62xx core according to their priority
level: vector #1 has the higher priority while vector
#4 the lower.

The priority of each interrupt source is fixed.

SGS-THOMSON
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INTERRUPT (Continued)

Interrupt Option Register

The Interrupt Option Register (IOR register, loca-
tion C8h) is used to enable/disable the individual
interrupt sources and to select the operating mode
of the external interrupt inputs. This register can be
addressed in the Data Space as RAM location at
the address C8h, nevertheless it is a write-only
register that cannot be accessed with single-bit
operations. The operating modes of the external
interrupt inputs associated to interrupt vectors #1
and #2 are selected through bits 5 and 6 of the IOR
register. ’

Figure 11. Interrupt Option Register

I0R

fnterru t Option Register
(cé)h, \ﬁrite Onlg)

D7|06|D5|D4|03|DZID1|DO

i

GEN = Global Enable Bit

ESB = Edge Selection Bit

LES = Edge Level Selection Bit
Unused

D7. D3-D0 These bits are not used.

LES. Level/Edge Selection Bit. When this bit is set
to one, the interrupt #1 (Port A) is low level sensi-
tive, when cleared to zero the negative edge sen-
sitive interrupt is selected.

ESB. Edge Selection Bit. When this bit is set to one,
the interrupt #2 (Ports B & C) is positive edge
sensitive, when cleared to zero the negative edge
sensitive interrupt is selected.

GEN. Global Enable Interrupt. When this bit is set
to one, all the interrupts are enabled. When this bit
is cleared to zero all the interrupts (excluding NMI)
are disabled.

This register is cleared on reset.

Kyj, 35S, THOMSON

Table 4. Interrupt Option Register Description

SET Enable all interrupts
GEN
CLEARED | Disable all interrupts
5 ‘| Rising edge mode on
SET interrupt input #2
ESB
CLEARED Falling ec_ige mode on
interrupt input #2
Level-sensitive mode on
SET interrupt input #1
LES
CLEARED !:alling ec.ige mode on
interrupt input #1
OTHERS | NOT USED

External Interrupts Operating Modes

The NMI interrupt is associated to the external
interrupt pin of the ST6210B, ST6215B, ST6220B
and ST6225B devices. This pin is falling edge
sensitive and the interrupt pin signal is latched by
a flip-flop which is automatically reset by the core
at the beginning of the non-maskable interrupt
service routine. A Schmitt trigger is present on NMI
pin.

The two interrupt sources associated with the fal-
ling/rising edge mode of the external interrupt pins
(Ports A-vector #1, Ports B and C-vector #2) are
connected to two internal latches. Each latch is set
when a falling/rising edge occurs during the pro-
cessing of the first one, will be processed as soon
as the first one has been finished (if there is not a
higher priority interrupt request). If more than one
interrupt occurs during the processing of the first
one, these other interrupt requests will be lost.
The storage of the interrupt requests is not availa-
ble in the level sensitive detection mode. To be
taken into account, the low level must be present
on the interrupt pin when the core samples the line
after the execution of the instructions.

During the end of each instruction the core tests
the interrupt lines and if there is an interrupt request
the next instruction is not executed and the related
interrupt routine is executed.

Note

On ST6210B,15B and ST6220B,25B the user can
select the availability of an on-chip pull-up at NMI
pin as ROM mask option (see option list at the end
of the datasheet).

When GEN bit is low, the NMl interrupt is active but
cannot cause a wake up from STOP/WAIT modes.

11/67
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INTERRUPT (Continued)

Interrupt Procedure. The interrupt procedure is

very similar to a call procedure, indeed the user can

consider the interrupt as an asynchronous call

procedure. As this is an asynchronous event, the

user does not know about the context and the time

at which it occurred. As a result the user should

save all the data space registers which will be used

inside the interrupt routines. There are separate

sets of processor flags for normal, interrupt and

non-maskable interrupt modes which are automat-

ically switched and so these do not need to be

saved.

The following list summarizes the interrupt procedure:

ST62xx actions

— Interrupt detection

— The flags C and Z of the main routine are ex-
changed with the flags C and Z of the interrupt
routine (or the NMI flags)

— The value of the PC is stored in the first level of
the stack

— The normal interrupt lines are inhibited (NMI still
active)

— First internal latch is cleared

— The related interrupt vector is loaded in the PC.

User actions

— User selected registers are saved inside the in-
terrupt service routine (normally on a software
stack)

— The source of the interrupt is found by polling
(if more than one source is associated to the
same ve)ctor) the interrupt flag of the source.

— Interrupt servicing

— Return from interrupt (RETI)

ST62xx actions

— Automatically the ST62xx core switches back to
the normal flags (or the interrupt flags) and pops
the previous PC value from the stack

The interrupt routine begins usually by the identifi-
cation of the device that has generated the interrupt
request (by polling). The user should save the
registers which are used inside the interrupt routine
(that holds relevant data) into a software stack.
After the RET!I instruction execution, the core car-
ries out the previous actions and the main routine
can continue.

12/67 Lyy SGS-THOMSON
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Figure 12. Interrupt Processing Flow-Chart
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ST6210B-15B-20B-25B

INTERRUPT (Continued)
Table 5. Interrupt Requests and Mask Bits
. Address . Masked Interrupt Interrupt
Peripheral Register Register Mask bit Source vector
GENERAL IOR C8h GEN Al Interrupts, excluding NMI
TIMER TSCR D4h ETI TMZ: TIMER Overflow Vector 3
A/D Converter ADCR Dih EAI EOC: End of Conversion Vector 4
Port PAn ORPA-DRPA C4h-CCh ORPAnN-DRPAN| PAn pin Vector 1
Port PBn ORPB-DRPB C5h-CDh ORPBn-DRPBNn| PBn pin Vector 2
Port PCn ORPC-DRPC C6h-CEh ORPCn-DRPCn| PCn pin Vector 2
Figure 13. Interrupt Circuit Diagram
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ST6210B-15B-20B-25B

RESET

The ST6210B, 15B, 20B, 25B can be rest in three
ways: by the external reset input (RESET ) tied low,
by power-on reset and by the digital Watchdog
peripheral.

‘RESET Input

The RESET pin can be connected to a device of
the application board in order to restart the MCU
during its operation. The activation of theRESET
pin may occur in the RUN, WAIT or STOP mode.
This input has to be used to reset the MCU internal
state and provide a correct start-up procedure. The
pin is active low and has a Schmitt trigger input.
The internal reset signal is generated by adding a
delay to the external signal. Therefore even short
pulses at the RESET are accepted, provided Vop
has finished its rising phase and the oscillator is
running correctly (normal RUN or WAIT modes).
The MCU is kept in the Reset state as long as the
RESET pin is held low.

If the RESET activation occurs in the RUN or WAIT
mode, the processing of the program is stopped (in
RUN mode only), the Input/Outputs are placed in
input with pull-up resistors, the Low Frequency
Aucxiliary Oscillator (LFAO) is stopped and the main
Oscillator is restarted. When the level on the RESET
pin becomes high, the initialization sequence is
executed just after the internal delay.

If a RESET pin activation occurs in the STOP
mode, the oscillator starts and all the inputs/outputs
are configured in input with pull-up resistors. When
the level of the RESET pin becomes high, the
initialization sequence is started just after the in-
ternal delay.

14/67
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Power-on Reset

The function of the POR consists in waking up the
MCU during the power-on sequence. At the begin-
ning of this sequence, the MCU is configured in the
Reset state: every Input/Output port is configured
in input with pull-up resistor and no instruction is
executed. When the power supply voltage be-
comes sufficient, the oscillator starts to operate,
nevertheless an internal delay is generated to allow
the oscillator to be completely stabilized before the
execution of the first instruction. The initialization
sequence is executed just after the internal delay.

The internal delay is generated by an on-chip coun-
ter. The internal reset is released 2048 cycles of the
internal frequency after the external reset is relea-
sed.

Note:

When the OSG is enabled, the first pulses to the
on-chip counter generating the internal delay are
coming from the Low Frequency Auxilliary Oscilla-
tor (LFAO), until the Main Oscillator starts running.

To have a correct start-up, the user should take
care that the internal reset is not released before
the Vpp level is sufficient to allow MCU operation
at the chosen frequency (see Recommended Ope-
rating Conditions).

A proper reset signal for slow rising Vbp can be
generally provided by an external RC network
connected at pin RESET.
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RESET (Continued)

Watchdog Reset

The ST621xB, 2xB provide an on-chip watchdog
function in order to provide a graceful recovery from
a software upset. If the watchdog register is not
refreshed, preventing the end-of-count being rea-
ched, the internal reset is activated. This, in parti-
cular, resets the watchdog. The MCU restarts as
with normal reset from RESET pin mcludlng the
internal delay.

Figure 14. Reset Circuit

—

Application Notes

An external resistor between Vpp and reset pin is
not required because an internal pull-up device is
provided.

The POR device operates in a dynamic manner in
the way that it brings about the initialization of the
MCU when it detects a dynamic rising edge of the
Vop voltage. The typical detected threshold is a-
bout 2 volts, but the actual value of the detected
threshold depends on the way in which the \bp
voltage rises up. The POR device DOES NOT allow
the supervision of a static or slowly rising or falling
edge of the Vpp voltage.

Vpp . ST6
0sc CK INTERNAL
RESET
300k0 COUNTER
RESET [} 3 {}c Y N_RESET | creer
2.8kQ0
POWER ON RESET
WATCHDOG RESET
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RESET (Continued)

Figure 15. Reset and Interrupt Processing
Flow-Chart

. RESET

NMI MASK SET
INT LATCH CLEARED
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SELECT
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|

MCU Initialization Sequence

When a reset occurs the stack is reset to the
program counter, the PC is loaded with the address
of the reset vector (located in the program ROM at
addresses FFEh & FFFh). A jump instruction to the
beginning of the program has to be written into
these locations. After a reseta NMI is automatically
activated so that the core is in non-maskable inter-
rupt mode to prevent false or ghost interrupts du-
ring the restart phase. Therefore the restart routine
should be terminated by a RETI instruction to
switch to normal mode and enable interrupts. If no
pending interrupt is present at the end of the reset
routine the ST62xx will continue with the instruction
after the RETI; otherwise the pending interrupt will
be serviced.

Figure 16. Restart Initialization Program Flow-

Chart
PUT FFEH
ON ADDRESS BUS
RESET
IS RESET
STILL PRESENT ? JP JP:2 BYTES/4 CYCLES
RESET
VECTOR

i

LOAD PC H

FROM RESET LOCATIONS 1
FFE / FFF

INITIALIZATION
ROUTINE |
RETI: 1 BYTE/2 CYCLI

T

1
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RESET (Continued)

Table 6. Reset Value
Register Address Value Comment
Port Data Registers 0COh to 0C2h
Port Direction Register 0C4h to 0C6h 1/O are Input with pull-up
Port Option Register 0CCh to 0OCEh 00h 1/0 are Input with pull-up
Interrupt Option Register 0C8h Interrupt disabled
Timer Status/Control 0D4h Timer disabled
X, Y, V, W, Register 080h to 083h
Accumulator OFFh
Data RAM 084h to 0BFh Undefined | As written if programmed
Data ROM Window Register 0CSh
A/D Result Register 0DOh
Timer Counter Register 0D3h FFh
Timer Prescaler Register 0D2h 7Fh Max count loaded
-Watchdog Counter Register 0D8h FEh
A/D Control Register 0D1h 40h A/D in Standby, main oscillator ON
LNz SGS-THOMSON 17/67
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WAIT & STOP MODES

The WAIT and STOP modes have been implemen-
ted in the ST62xx core in order to reduce the
consumption of the product when the latter has no
instruction to execute. These two modes are des-
cribed in the following paragraphs.

In addition, the Low Frequency Auxiliary Oscillator
(LFAO) can be used instead of the main oscillator
to reduce power consumption in RUN and WAIT
mode.

WAIT Mode

The MCU goes into the WAIT mode as soon as the
WAIT instruction is executed. The microcontroller
can also be considered as being in a “software
frozen” state where the core stops processing the
instructions of the routine, the contents of the RAM
locations and peripheral registers are saved as
long as the power supply voltage is higher than the
RAM retention voltage, but where the peripherals
are still working.

The WAIT mode can be used when the user wants
to reduce the consumption of the MCU when it is
idle, while not losing count of time or monitoring of
external events. The active oscillator (main oscilla-
tor or LFAO) is not stopped in order to provide a
clock signal to the peripherals. The Timer counting
may be enabled as well as the Timer interrupt
before entering the WAIT mode; this allows the
WAIT mode to be left when Timer interrupt occurs.
The above explanation related to the timers applies
also to the A/D converter.

Ifthe power consumption has to be further reduced,
the Low Frequency Auxiliary Oscillator (LFAQ) can
be used (provided the main oscillator has a fre-
quency higher than the LFAO). It must be switched
on before entering the WAIT mode.

18/67
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If the exit from the WAIT mode is performed with a
general RESET (either from the activation of the
external pin or by watchdog reset) the MCU enters
a normal reset procedure as described in the RE-
SET chapter. If an interrupt is generated during
WAIT mode the MCU behavior depends on the
state of the ST62xx core before the initialization of
the WAIT sequence, but also of the kind of the
interrupt request that is generated. This case is

‘described in the following paragraphs. In any case,

the ST62xx core does notgenerate any delay after
the occurrence of the interrupt because the oscillator
clock is still available.

STOP Mode :

If the Watchdog is disabled the STOP mode is
available. When in STOP mode the MCU is pla-
ced in the lowest power consumption mode. In
this operating mode the microcontroller can be
considered as being “frozen”, no instruction is
executed, the oscillator is stopped, the contents
of the RAM locations and peripheral registers are
saved as long as the power supply voltage is
higher than the RAM retention voltage, and the
ST62xx core waits for the occurrence of an exter-
nal interrupt request or Reset activation to output
from the STOP state.

If the exit from the STOP mode is performed with
a general RESET (by the activation of the exter-
nal pin) the MCU will enter a normal reset proce-
dure as described in the RESET chapter. The
case of an interrupt depends on the state of the
ST62xx core before the initialization of the STOP
sequence and also of the kind of the interrupt
request that is generated.

k37, SRR —



ST6210B-15B-20B-25B

WAIT & STOP MODES (Continued)

This case will be described in the following para-
graphs. In any case, the ST62xx core generates a
delay after the occurrence of the interrupt request in
order to wait for the complete stabilization of the
_ oscillator before the execution of the first instruction.

Exit from WAIT and STOP Modes

The following paragraphs describe the output pro-
cedure of the ST62xx core from WAIT and STOP
modes when an interrupt occurs (not a RESET). It
must be noted that the restart sequence depends
on the original state of the MCU (normal, interrupt
or non-maskable interrupt mode) before the start
of the WAIT or STOP sequence, but also of the type
of the interrupt request that is generated.

In any case, interrupts do not affect the oscillator
selection. When the LFAO is used, the user pro-
gram must handle oscillator selection as soon as
the RUN mode resumes.

Normal Mode. If the ST62xx core was in the main
routine when the WAIT or STOP instruction has
been executed, the ST62xx core outputs from the
stop or wait mode as soon as any interrupt occurs;
the related interrupt routine is executed and at the
end of the interrupt service routine the instruction
that follows the STOP or the WAIT instruction is
executed if no other interrupts are pending.

Not Maskable Interrupt Mode. If the STOP or
WAIT instruction has been executed during the
execution of the non-maskable interrupt routine,
the ST62xx core outputs from the stop or wait mode
as soon as any interrupt occurs: the instruction that
follows the STOP or the WAIT instruction is execu-
ted and the ST62xx core is still in the non-maskable
interrupt mode even if another interrupt has been
generated.

m SGS-THOMSON

Normal Interrupt Mode. If the ST62xx core was in

the interrupt mode before the initialization of the

STOP or WAIT sequence, it outputs from the stop

or wait mode as soon as any interrupt occurs.

Nevertheless, two cases have to be considered:

— If the interrupt is a normal interrupt, the interrupt
routine in which the wait or stop was entered will
be completed with the execution of the instruction
that follows the STOP or the WAIT and the ST6xx
core is still in the interrupt mode. At the end of
this routine pending interrupts will be serviced in
accordance to their priority.

— If the interrupt is a non-maskable interrupt, the
non-maskable routine is processed at first.
Then the routine in which the wait or stop was
entered will be completed with the execution of
the instruction that follows the STOP or the
WAIT and the ST6xx core remains in the normal
interrupt mode.

Notes:

To reach the lowest power consumption during
RUN or WAIT modes, the user software must take
care of: '

— configuring unused I/O as input without pull-up
with well defined logic levels.

- placing the A/D converter in its power down mode
by clearing the PDS bit in the A/D control register
before entering the STOP instruction.

— stopping Timer external clock

— selecting the Low Frequency Auxiliary Oscillator
(provided the main oscillator runs faster).

When the hardware activated watchdog is selected
or the software watchdog enabled, the STOP in-
struction is deactivated and any attempt to execute
the STOP instruction will cause an execution of a
WAIT instruction.

If all the interrupt sources are disabled (including
NMI if GEN is low), the restart of the MCU can only
be done by a Reset activation. The WAIT and
STOP instructions are not executed if an enabled
interrupt request is pending.

19/67
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ST6210B-15B-20B-25B

ON-CHIP CLOCK OSCILLATOR

The ST6210B,15B, 20B, 25B provide a Main Os-
cillator which can be used with an external clock,
with crystal or ceramic resonator, with a RC net-
work. In addition, a Low Frequency Auxiliary Oscil-
lator can be switched on for safety reason, to
reduce power consumption or to have a fully inte-
grated clock circuitry.

The internal frequency is divided by 12 to produce
the Timer, the A/D converter and the Watchdog
clock.

With a 8MHz external frequency, the fastest ma-
chine cycle is therefore 1.6251s.

The machine cycle is the smallest unit needed to
execute any operation (i.e. increment the program
counter). An instruction may need two, four, or five
machine cycles to be executed.

Figure 17. Crystal Parameters

Rs  Ci |,

OSCin OSCout

Co

! VA00101

Crystal Parameters AT-cut Parallel Resonance Crystal
CO = Parallel Resonance Capacitance
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Figure 18. Oscillator Connection

CRYSTAL/RESONATOR CLOCK
CRYSTAL/RESONATOR mask option

STéxxx

OSCin OSCout

'ILZ

VA00016

EXTERNAL CLOCK
CRYSTAL/RESONATOR mask option
ST6xxx

OSCin 0OSCout
{1 (3

VAO0OA15

RC NETWORK
RC NETWORK mask option
ST6xxx

OSCin OSCout
L} [

VA00B15

INTEGRATED CLOCK
CRYSTAL/RESONATOR mask option
OSG ENABLED mask option

STéxxx

0OSCout

OSCin
(]

VAQ0C15

CL1 = CL2 = 12 to 22pF for a 4/8MHz crystal
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ST6210B-15B-20B-25B

ON-CHIP CLOCK OSCILLATOR (Continued)

Main Oscillator

The oscillator is configured through mask option.
When the CRYSTAL/RESONATOR option is selec-
ted, it must be used with a quartz crystal, a ceramic
resonator or an external signal provided on pin
OSCin. When the RC NETWORK option is selec-
ted,kthe system clock is generated by a RC net-
work.

The oscillator can be turned off when the OSG
ENABLED mask option is selected by setting OS-
COFF bit of the ADC Control Register. The Low
Frequency Auxiliary Oscillator is automatically star-
ted.

Turning on the main oscillator is achieved by a
software reset of bit OSCOFF of the A/D Converter
Control Register or by resetting the MCU. Restar-
ting the main oscillator takes the oscillator start up
time plus possibly the duration of the software
instruction at fLrao low frequency.

Low Frequency Auxiliary Oscillator (LFAQ)

The Low Frequency Auxiliary Oscillator has three
main purposes. First, it can be used to reduce
power consumption in non timing critical rou-
tines. Second, it enables to generate a fully inte-
grated system clock, without any external
components. Last, it acts as safety oscillator in

- case of the main oscillator fails.

This oscillator is available when the OSG ENABLED
mask option is selected. In this case, it automat-
ically starts one of its periods after the first missing
edge from the main oscillator, whatever the reason
(main oscillator defective, no clock circuitry provi-
ded, main oscillator switched off ...).

User program, normally interrupts, WAIT and
STOP instructions, is normally processed but at
the reduced firao frequency. The A/D converter
accuracy is decreased, as the internal frequency is
below 1MHz.

Atpoweron, the Low Frequency Auxiliary Oscillator
starts faster than the Main Oscillator. It therefore
feeds the on-chip counter generating the POR
delay until the Main Oscillator runs.

The Low Frequency Auxiliary Oscillator is switched
off as soon as the main oscillator starts.

"_I SGS-THOMSON
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Figure 19.0SCOFF Bit in ADC Control Register

ADCR

ADC Control Register
(D1h, Read/ Write )

D7|D6|D5|D4| D3{D2| D1| DO

|— See ADC

OSCOFF
See ADC

OSCOFF. When low, this bit enables main oscillator
to run. The main oscillator is switched off when
OSCOFF is high.

Oscillator Safe Guard

The Oscillator Safe Guard (OSG) enables to dra-
stically increase the safety of operation of ST62xx
devices. It has three basic functions. It first filters
spikes from the oscillator lines which would result
in over frequency to the ST62 core. Second, it gives
access to the Low Frequency Auxilliary Oscillator
(LFAO), used to ensure minimum processing in
case of failure of the main oscillator, to reduce
power consumption or to provide a fixed frequency
low cost oscillator. Last, it automatically limits the
internal frequency to ensure correct operation in
case the power supply drops.

The OSG is enabled or disabled through the OSG
mask option. It can be seen as a filter whose cross
over frequency is device dependent.

Spikes on the oscillator lines result in an increased
internal frequency. Without the OSG, this may lead
to an over frequency at the operating power supply.
The OSG filters such spikes (see Figure 20). Any-
way, enabling the OSG limits the maximum fre-
quency to fosg.

When the OSG is enabled, it gives access to the
Low Frequency Auxiliary Oscillator. This oscillator
starts operating after the first missing edge of the
main oscillator (see Figure 21).

Over frequency at a given power supply is seen by
the OSG as spikes. It therefore filters some periods
in order that the internal frequency of the device is
kept within both the range the particular device can
stand (depending on Vdd) and below fsg , the

maximum authorised frequency with OSG en-

abled.

Notes:
The OSG should be used wherever possible as it
provides maximum safety. Care must be taken as

it increases power consumption and reduces the
maximum authorised frequency down to bsa.
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ST6210B-15B-20B-25B

ON-CHIP CLOCK OSCILLATOR (Continued)

Figure 20. OSG Filtering Principle

M

@

@)

Q]

|
I

(1) Maximum Frequency for the device to work correctly
(2) Actual Quartz Crystal Frequency at OSCin pin

(3) Noise from OSCin
(4) Resulting Internal Frequency

VR001932

Figure 21. OSG Emergency Oscillator Principle

Main
Oscillator

Emergency
Oscillator

Internal
Frequency

IIL.

L

VR001933
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ST6210B-15B-20B-25B

ON-CHIP CLOCK OSCILLATOR (Continued)

Figure 22. Clock Circuits Block Diagram

—————— POR
0SG +13  —Core
- TIMER 1
MAIN M
OSCILLATOR u Nt | 12 b Watchdog
X
L~ ADC
LFAO

. I
Main Oscillator off

VR01882D

Maximum Operating Frequency (fuax) versus Supply Voltage (Vbp)

Maximum FREQUENCY ( MHz)
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@ In this area, operation is guaranteed at the quartz crystal frequency.

® When the OSG is disabled, operation in this area is guaranteed at the quartz crystal frequency
When the OSG is enabled, operation in this area is guaranteed at a frequency of at leastdsa min.

® When the OSG is disabled, operation in this area is guaranteed at the quartz crystal frequency
When the OSG is enabled, access to this area is prevented. The internal frequency is kept at dsa.

® When the OSG is disabled, operation in this area is not guaranteed
When the OSG is enabled, access to this area is prevented. The internal frequency is kept at bsa.
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ST6210B-15B-20B-25B

INPUT/OUTPUT PORTS

The ST6210B, ST6215B, ST6220B and ST6225B
microcontroller have respectively 12 and 20 In-
put/Output lines that can be individually pro-
grammed either in the input mode or the output

mode with the following software selectable op-

tions:
— Input without pull-up and without interrupt
— Input with pull-up and with interrupt
— Input with pull-up without interrupt
— Analog inputs (PA4-PA7, PB0-PB7, PC4-PC3)
— Push-pull output
— Standard Open drain output
— 20mA Open drain output

The lines are organized in three Ports (Port A, B
and C).

Each port occupies 3 registers in the data space.
Each bit of these registers is associated with a
particular line (for instance, the bits 0 of the Port A
Data, Direction and Option registers are associated
with the PAO line of Port A).

The three DATA registers (DRA, DRB, DRC), are
used to read the voltage level values of the lines

Figure 23. 1/0 Port Block Diagram

programmed in the input mode, or to write the logic
value of the signal to be output on the lines config-
ured in the output mode. The port data registers
can be read to get the effective logic levels of the
pins, but they can be also written by the user
software, in conjunction with the related option
registers, to select the different input mode options.

Single-bit operations on 1/O registers are possible
but care is necessary because reading in input
mode is done from I/O pins while writing will directly
affect the Port data register causing an undesired
change of the input configuration.

The three Data Direction registers (DDRA, DDRB
and DDRC) allow the selection of the data direction
of each pin (input or output).

The three Option registers (ORA, ORB and ORC)
are used to select the different port options avail-
able both in input and in output mode.

All the 1/O registers can be read or written as any
other RAM location of the data space, so no extra
RAM cell is needed for port data storing and ma-
nipulation. During the initialization of the MCU, all
the I/O registers are cleared and the input mode
with pull-up/no-interrupt is selected on all the pins,
thus avoiding pin conflicts.

SIN CONTROLS RESET VDD
DATA Voo [?]
—=| DIRECTION
REGISTER — |
= F 1
) _[5 INPUT/OUTPUT

REGISTER .

SHIFT J,

REGISTER OPTION
"l RecisTER [

<
<
B3 <7

1 e -

s

our Jj 3B

TO INTERRUPT <
TO ADC ~ VA000413
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ST6210B-15B-20B-258

INPUT/OUTPUT PORTS (Continued)

I/0 Pin Programming

Each pin can be individually programmed as input
or output with different input and output configura-
tions, except PBO and PC7 when the External
STOP Mode Control option is selected.

This is achieved by writing the relevant bit in the
data (DR), data direction register (DDR) and option
registers (OR). Table 7 shows all the port configu-
rations that can be selected by user software.

Input Option Description

Pull-up, High Impedance Option. All the input
lines can be individually programmed with or with-
out an internal pull-up according to the codes pro-
grammed in the OR and DR registers. If the pull-up
option is not selected, the input pin is in the high-
impedance state.

Interrupt Option. All the input lines can be individu-
ally connected by software to the interrupt lines of
the ST62xx core according to the codes pro-
grammed in the OR and DR registers. The pins of
Port A are AND-connected to the interrupt associ-
ated to the vector #1. The pins of Port B & C are
AND-connected to the interrupt associated to the
vector #2. The interrupt modes (falling edge sensi-
tive, rising edge sensitive, low level sensitive) can
be selected by software for each port by program-
ming the IOR register.

Analog Input Option. The sixteen PA4-PA7, PBO-
PB7, PC4-PC7 pins can be configured to be analog
inputs according to the codes programmed in the
OR and DR registers. These analog inputs are
connected to the on-chip 8-bit Analog to Digital
Converter. ONLY ONE pin should be programmed
as analog input at a time, otherwise the selected
inputs will be shorted.

Table 7. 1/0 Port Options Selection

Figure 24. 1/0 Port Option Registers

ORA/BIC

- Port A, B, C Option Register
( cch PA, CBh PB, CEh PC, Read! Write )

D7{D6|D5)D4| D3| D2| D1| DO

PA7 - PA0 Option Bts
PB7 - PBO Opton Bits
PC7-PCO Opton Bits

Figure 25. 1/0 Po\rt Data Direction Registers

DDRA/BIC

Port A, B, C Data Direction Registers
(Cah PA, €5h PB, C6h PC Read Write )

D7|DS D5|D4 D3| D2| D1| DO

PA7 - PA0=Data Directon Bits
PB7 - PBO=Data Direction Bts
PC7 - PC0=Data Direction Bits

Figure 26. 1/0 Port Data Registers

DRABIC

PortA,B, C Data Registers
(Coh PA, CTh BB, C2h PC, ReadWrite)

D7|D6{D5(D4|D3|D2|D1| D0

PA7-PA0 = Data Bits
PB7-PB0 = Data Bits
PC7-PC0=DataBits

Note: For complete coding explanation refer to Table 7

DDR OR DR Mode | Option

0 0 Input | With pull-up, no interrupt (Reset state)

0 1 Input | No pull-up, no interrupt

1 0 Input | With pull-up, with interrupt
0 ’ ’ Input No pull-up, no interrupt (PA0-PA3 pins)

Input | Analog input (PA4-PA7, PB0-PB7, PC4-PC7 pins)

1 0 X Output [ 20mA sink open-drain output (PAO-PA3 pins)
1 0 X Output | Standard open-drain output (PA4-PA7, PB0-PB7, PC4-PC7 pins)
1 1 X Output | 20mA sink push-pull output (PA0-PA3 pins)

Notes: X. Means don't care.

SGS-THOMSON
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ST6210B-15B-20B-25B

INPUT/OUTPUT PORTS (Continued)

Note:

Switching the I/O ports from one state to another should
be done in a way that no unwanted side effects can
happen. The recommended safe transitions are shown
below. All other transitions are risky and should be
avoided during change of operation mode as it is most
likely that there will be an unwanted side-effect such as
interrupt generation or two pins shorted together by the
analog input lines.

Single bit instructions (SET, RES, INC and DEC)
should be used very carefully with Port A, Band C
data registers because these instructions make an
implicit read and write back of the whole addressed
register byte. In port input mode however data
register address reads from input pins, not from
data register latches and data register information
in input mode is used to set characteristics of the

input pin (interrupt, pull-up, analog input), therefore -

these characteristics may be unintentionally repro-
grammed depending on the state of input pins. As

State Transition Diagram for Safe Transitions

general rule is better to use single bit instructions
on data register only when the whole port is in
output mode. If input or mixed configuration is
needed it is recommended to keep a copy of the
data register in RAM. On this copy it is possible to
use single bit instructions, then the copy register
could be written into the port data register.

SET bit, datacopy
LD a, datacopy ’
LD DRA, a

The WAIT and STOP instructions allow the ST62xx
to be used in situations where low power consump-
tion is needed. The lowest power consumption is
achieved by configuring 1/Os in input mode with
well-defined logic levels.

The user has to take care not to switch outputs with
heavy loads during the conversion of one of the
analog inputs in order to avoid any disturbance in
the measurement.

Interrupt " Input
pull-up 010 ot Analog
mput h ] I """""" h
pull-up (Reset 000 «————— X X X X 001 Input
state) _____ [ ___________ -
Output Output
Open Drain 10]0 1F1 Open Drain
Output Output
} Push-pull 110 m Push-pull
Note *. xxx = DDR, OR, DR Bits respectively
{
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ST6210B-15B-20B-25B

INPUT/OUTPUT PORTS (Continued)
Table 8. 1/0 Port Options Selection

lSchematic

Mode Available At
B
PAO-PA7 ‘
PB0-PB7
Input PC4-PC7 ¥ i ;
P TIMER —3 |'.Z7' . Datain
I
L ! \_O/H Interrupt
PAO-PA7
o | FEE |
with pull up TIMER {E | 7 . Pata in
: |—c/o—> Interrupt
Input PAQ-PA7 %
with pull up PBO-PB7 .
with interrupt PC4-PC7 —3 IJ ‘ , Datain
. L Interrupt
PA4-PA7
PC4-PC7
Analog Input PBO-PB7 [E — I : ~ ADC
Open drain output PA4-PA7 B
5mA PB0-PB7 . .
PCa-pC7 B F|——o<]———< Data out
Open drain output PAO0-PA3 :
20mA L !
Push-pull output PA4-PA7 —
5mA PB0-PB7
PC4-PC7
— Data out
Push-pull output PAO-PA3
20mA
VRO01992A
Note 1. Provided proper configuration.
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ST6210B-15B-20B-25B

TIMER

The ST6210B, ST6215B, ST6220B and ST6225B

offer one on-chip Timer peripheral consisting of an

8-bit counter with a 7-bit programmable prescaler,

thus giving a maximum count of 2'5, and control

logic that allows configuring the peripheral in three
operating modes.

Figure 27 shows the Timer block diagram. This
timer has the external TIMER pin available for the
user. The content of the 8-bit counter can be
read/written in the Timer/Counter register TCR that
can be addressed in the data space as a RAM
location at address D3h. The state of the 7-bit
prescaler can be read in the PSC register at ad-
dress D2h. The control logic device is managed in
the TSCR register (D4h address) as described in
the following paragraphs.

The 8-bit counter is decrement by the output (rising
edge) coming from the 7-bit prescaler and can be
loaded and read under program control. When it
decrements to zero then the TMZ (Timer Zero)bit
in the TSCR is set to one. If the ETI (Enable Timer
Interrupt) bit in the TSCR is also set to one an
interrupt request, associated to interrupt vector #3,
is generated. The Timer interrupt can be used to
exit the MCU from the WAIT mode.

Figure 27. Timer Block Diagram

The prescaler input can be the internal frequency
divided by 12 or an external clock at TIMER pin.
The prescaler decrements on the rising edge. De-
pending on the division factor programmed by PS2,
PS1 and PSO bits in the TSCR (see table 10), the
clock input of the timer/counter register is multi-
plexed to different sources. On division factor 1, the
clock input of the prescaler is also that of
timer/counter; on factor 2, bit 0 of prescaler register
is connected to the clock input of TCR. This bit
changes its state with the half frequency of pres-
caler clock input. On factor 4, bit 1 of PSC is
connected to clock input of TCR, and so on. The
prescalerinitialize bit PSlin the TSCR register must
be set to one to allow the prescaler (and hence the
counter) to start. If it is cleared to zero then all of
the prescaler bits are set to one and the counter is
inhibited from counting. The prescaler can be given
any value between 0 and 7Fh by writing to address
D2h, if bit PSI in the TSCR register is set to one.
The tap of the prescaler is selected using the
PS2/PS1/PS0 bits in the control register.

Figure 28 shows the Timer working principle.

DATABUS 8

4

COUNTER

8-BIT b7|bs|bs| b4|b3|b2]b1|bo

SELECT

psc 10F8

~[v]e|a|olok = Y

STATUS/CONTROL
REGISTER

vz| em |out| pour| si | psz | ps1 | Pso

/3
7

=

)

TIMER [}

SYNCHRONIZATION
LOGIC

fOSC — 12

\\ D-— INTERRUPT LINE

LATCH

VA00009
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ST6210B-15B-20B-25B

TIMER (Continued)

Timer Operating Modes

There are three operating modes of the Timer
peripheral. They are selected by the bits TOUT and
DOUT (see TSCR register). These three modes
correspond to the two clock frequencies that can
be connected on the 7-bit prescaler (int-12 or
TIMER pin signal) and to the output mode.

Gated Mode (TOUT = “0”, DOUT = “1” ). In this
mode the prescaler is decremented by the Timer
clock input ( fint divided by 12) but ONLY when the
signal at TIMER pin is held high (giving a pulse
width measurement potential). This mode is se-
lected by the TOUT bit in TSCR register cleared to
“0” (i.e. as input) and DOUT bit set to “1”.

Clock Input Mode (TOUT = “0”, DOUT = “0”). In

this mode the TIMER pin is an input and the pres-
caleris decremented on rising edge. The maximum
input frequency that can be applied to the external
pin in this mode is 1/4 of the internal frequency
when the processor is running but can be higher
when the WAIT mode is entered.

Output Mode (TOUT = “1”, DOUT = data out).
The TIMER pin is connected to the DOUT latch.
Therefore the timer prescaler is clocked by the
prescaler clock input (fint12).

The user can select the desired prescaler division
ratio through the PS2, PS1, PS0 bits. When TCR
count reaches 0, it sets the TMZ bit in the TSCR.
The TMZ bit can be tested under program control
to perform a timer function whenever it goes high.
The low-to-high TMZ bit transition is used to latch
the DOUT bit of the TSCR and pass it to TIMER
pin. This operating mode allows external signal
generation on the TIMER pin.

Figure 28. Timer Working Principle

|

Table 9. Timer‘iOperating Modes

“TOUT DOUT |[Timer Pin| Timer Function
0 Oi Input Event Counter
0 1 Input Input Gated
1 Oi Output Output “0”
1 1] Output Output “1”

Timer lnterrupt

When the counter register decrements to zero and
the software controlled ETI (Enable Timer Inter-
rupt) bit is set'to one then an interrupt request
associated to interrupt vector #3 is generated.
When the counter decrements to zero also the TMZ
bit in the TSCR register is set to one.

Notes: |

On ST6210B,15B, ST6220B, 25B the user can
select the availability of an on-chip pull-up at
TIMER pin as ROM mask option (see option list at
the end of the datasheet).

TMZ is set when the counter reaches 00h ; how-
ever, it may be set by writing 00h inthe TCR reglster
or setting bit 7 of the TSCR register. TMZ bit must
be cleared by user software when servicing the
timer interrupt to avoid undesired interrupts when
leaving the interrupt service routine. After reset, the
8-bit counter register is loaded to FFh while the 7-bit
prescaler is loaded to 7Fh , and the TSCR register
is cleared which means that Timer is stopped
(PSI="0") and the timer interrupt is disabled.

r-—---- -7 7BITPRESCALER — — 1
cLock ] Bimo BIT1 BIT2 BIT3 BIT4 BITS BIT6 |
- — |- — |- — - - — - —_
|
5 6 7} Pso
81MULTIPLEXER ‘ L Pst
L ps2
‘I_________—____——T ————— 1
| L{ BIT0 [~ BIT1 || BIT2|~ BIT3 BIT4 BITS BIT6 |
L 8-BIT COUNTER | N
! VAQ0186
|
\
LS SGS-THOMSON 29/67
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TIMER (Continued)

If the Timer is programmed in output mode, DOUT
bit is transferred to the TIMER pin when TMZ is set
to one (by software or due to counter decrement).
When TMZ is high, the latch is transparent and
DOUT is copied to the timer pin. When TMZ goes
low, DOUT is latched.

A write to the TCR register will predominate over
the 8-bit counter decrement to 00h function, i.e. if
a write and a TCR register decrement to 00h occur
simultaneously, the write will take precedence, and
the TMZ bit is not set until the 8-bit counter reaches
00h again. The values of the TCR and the PSC
registers can be read accurately at any time.

Timer Registers
Figure 29. Timer Status Control Register

TSCR

Timer Status Control Register
(D4h T1, Read/ Write')

D7|D6(D5|D4{D3|D2|D1|D0

L— PS0 = Prescaler Mux. Select
PS1 = Prescaler Mux. Select
PS2 = Prescaler Mux. Select
PS! = Prescaler Intialize Brt
DOUT = Data Output
TOUT = Timers Output Control
ETi = Enable Timer Intemrupt
TMZ =Timer Zero Bit

TMZ. Low-to-high transition indicates that the timer
count register has decrement to zero. This bit must
be cleared by user software before starting with a
new count.

ETI. This bit, when set, enables the timer interrupt
request (vector #3). If ETI=0 the timer interrupt is
disabled. If ETI=1 and TMZ=1 an interrupt request
is generated.

TOUT. When low, this bit selects the input mode for
the TIMER pin. When high the output mode is
selected.

DOUT. Data sent to the timer output when TMZ is
set high (output mode only). Input mode selection
(input mode only).

PSI. Used to initialize the prescaler and inhibit its
counting. When PSI="0" the prescaleris set to 7Fh
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Table 10. Prescaler Division Factors

PS2 PS1 PS0 Divided by

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Figure 31. Timer Counter Register

TCR

Timer Counter Register
D3Hh, Read/ Write

D7|D6|D5|D4| D3| D2( D1{ DO

I—— D7-D0 =Counter Bits

Figure 30. Prescaler Register

PSC

Prescaler Register
D2h, Read/ Write

D7|D6|D5|D4| D3| D2( D1 DO

\— D6-DO0 = Prescaler Bits

Always read as 0"

and the counter is inhibited. When PSI="1" the
prescaler is enabled to count downwards. As long
as PSI="0" both counter and prescaler are not
running.

PS2, PS1, PS0. These bits select the division ratio
of the prescaler register.
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DIGITAL WATCHDOG

The digital Watchdog of the ST6210B/15B device
consists of a down counter that can be used to
provide a controlled recovery from a software up-
set.

The Watchdog generates a system reset when the
counter passes 00h. User software can prevent the
reset by reloading the counter. User software
should therefore be written in such a way that the
counter is regularly reloaded as long as-the soft-
ware runs correctly. In the case of software upset
(e.g. infinite loop or power supply fail), user soft-
ware should not reload the counter so it will pass
00h and reset the MCU.

The Watchdog activation (hardware or software) is
user selectable by mask option. If the hardware
option is selected the Watchdog is automatically
initialized after reset so that this function does not
need to be activated by the user program.

The Watchdog uses one data space register
(DWDR location D8h). The Watchdog register is
set to FEh on reset and counts down when acti-
vated. The Watchdog time can be adjusted through
the value reloaded into the DWDR register. Only
the 6 MSbits are significant. This gives the possi-
bility to generate a reset in a time between 3072 to
196608 clock cycles in 64 possible steps (with a
clock frequency of 8MHz this means from 384us to
24.576ms). The reset is prevented if the register is
reloaded before bits 2-7 decrement from all zeros
to all ones.

The WATCHDOG ACTIVATION can be software (it
is launched by software) or hardware (it automat-
ically starts counting down after reset). When the
software activation is selected, the watchdog can
be launched by setting to 1 bit 0 of the Digital
Watchdog Register after bit SR of this register has
been setto 1. Once activated, the watchdog cannot
be stopped by software: a full external reset is
mandatory.

The STOP instruction is inhibited as soon as the
watchdog is active. AWAIT instruction is processed
instead and the watchdog continues to countdown.
The NMI pin allows, in addition to the interrupt
generation, to control the execution of the STOP
instruction. It is inhibited when NMl is low (a WAIT
instruction is processed instead). When NMI is
high, a STOP instruction freezes the watchdog
counter before entering the STOP mode. When the
micro exits from the STOP mode (for example,
when an NMl interrupt is generated), the watchdog
resumes activity.

Figure 32. Watchdog Working Principle

Ly SGS-THOMSON
V4. MicromECTROMGS

Do

D1

D2

D3

D4

D5

D6

D7

8-BIT
DOWN COUNTER

~— OSC:12
VA00190

Note:

When the software activation is selected and the
watchdog is not activated, the 7 MSbits of -the
counter can be used to perform timer functions.
Care must be taken as the Watchdog bits are in
reverse order.

Bit 1 of the Watchdog register (set to one at reset)
can be used to generate a software reset if cleared
to zero.

C. This is the Watchdog activation bit. If hardware
option is selected, it is forced high and the user
cannot change it (the Watchdog is always active).
When the software option is selected, the Watch-
dog function is activated by setting C to 1. It can
then be cleared only by a system reset and is not
affected by the STOP Mode Control option. When
C is kept low the counter can be used as a 7-bit
timer.
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DIGITAL WATCHDOG (Continued)

When cleared to zero it allows the use of the
counter as a 7-bit timer. This bit is cleared on reset.

SR. This bit is set to one during the reset and wil
generate a software reset if cleared to zero. When C =
“0” (watchdog disabled) it is the MSB of the 7-bit timer.

T1-T6. These are the watchdog counter bits. It
must be noted that D7 (T1) is the LSB of the counter
and D2 (T6) is the MSB of the counter.

Figure 33. Digital Watchdog Register

DWDR

Watchdog Register
(D8h, Read/Write)

D7|D6|D5|D4| D3| D2| D1{ D0

'— C =Watchdog Activation Bit
SR = Software Reset Bit
T1-T6 = Counter Bits

Application Notes

The hardware activation option is very useful when
the external circuitry may inject noises on the reset
pin, where there is an unstable supply voltage, or
RF influence or other similar phenomena. If the
Watchdog software activation is selected and the
Watchdog is not used during power-on reset exter-

Figure 34. Digital Watchdog Block Diagram

nal noise may cause the undesired activation of the
Watchdog with a generation of an unexpected re-
set. To avoid this risk, two additional instructions,
that check the state of the watchdog and eventually
reset the chip are neededwithin the first 27 instruc-
tions, after the reset. These instructions are:

jrx 0, WD, #+3
1di WD, OFDH

These instructions should be executed at the very
beginning of the customer program.

If the Watchdog is used (both hardware or software
activated), during power-on reset the Watchdog
register may be set to a low value, that could give
a reset after 28 instructions earliest. To avoid un-
desired resets, the Watchdog must be set to the
desired value within the first 27 instructions, the
best is to put at the very beginning.

Alternatively the normal legal state can be checked
with the following short routine:

1di a, OFEH

and a, WD

cpi a, OFEH

jrz #+3

1di WD, OFDH

This sequence is recommended for security appli-
cations, where possible stack confusion error loops
must be avoided and the Watchdog must only be
refreshed after extensive checks.
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8-BIT A/D CONVERTER

The A/D converter of ST621xB,2xB devices is an
8-bit analog to digital converter with up to 8 (PBO-
PB7 on ST6210B, ST6220B) and up to 16 (PA4-
PA7, PB0-PB7, PC4-PC7 on ST6215B, ST6225B)
analog inputs (as alternate functions of 1/O lines)
offering 8-bit resolution with a typical conversion
time of 70ms (clock frequency of 8MHz).

The A/D peripheral converts the input voltage by a
process of successive approximations using a
clock frequency derived from the oscillator with a
division factor of twelve. With an oscillator clock
frequency less than 1.2MHz, the A/D converter
accuracy is decreased.

The selection of the pin signal that has to be
converted is done by configuring the related I/Oline
as analog input through the 1/0 ports option and
data registers (refer to /0O ports description for
additional information). Only one /O line must be
configured as analog input at a time. The user must
avoid the situation in which more than one 1/O pin
is selected to be analog input to avoid malfunction
of the ST62xx.

The ADC uses two registers in the data space: the
ADC data conversion register which stores the
conversion result and the ADC control register used
to program the ADC functions.

A conversion is started by writing a “1” to the Start
bit (STA) in the ADC control register. This automat-
ically clears (resets to “0”) the End Of Conversion
Bit (EOC). When a conversion has been finished
this EOC bit is automatically set to “1” in order to
flag that conversion is complete and that the data
in the ADC data conversion register is valid. Each
conversion has to be separately initiated by writing
to the STA bit.

The STA bit is continually being scanned so that if
the user sets it to “1” while a previous conversion
is in progress then a new conversion is started
before the previous one has been completed.The
start bit (STA) is a write only bit, any attempt to read
it will show a logical “0".

The A/D converter has a maskable interrupt asso-
ciated to the end of conversion. This interrupt is
associated to the interrupt vector #4 and occurs
when the EOC bit is set, i.e. when a conversion is
completed. The interrupt is masked using the EAI
(interrupt mask) bit in the control register.

The power consumption of the device can be re-
duced by turning off the ADC peripheral. That is
achieved when the PDS bit in the ADC control
register is cleared to “0”. If PDS="1", the A/D is
supplied and enabled for conversion. This bit must
be set at least one instruction before the beginning
of the conversion to allow the stabilization of the

Lyy SGS-THOMSON
\Y/. MicromECTRONGS

Figure 35. A/D Converter Block Diagram

—> INTERRUPT
<— CLOCK
<— RESET

<— AVgg

Ain — CONVERTER

|CONTHOL REGISTER| | RESULT REGISTER |

&

CORE CORE
CONTROL SIGNALS VA00418

A/D converter. This action is needed also before
entering the WAIT instruction as the A/D compara-
tor is not automatically disabled by the WAIT mode

During reset any conversion in progress is stopped,
the control register is reset to 40h and the A/D
interrupt is masked (EAI=0).

Notes:

The ST62xx A/D converter does not feature a

sample and hold. The analog voltage to be meas-:
ured should therefore be stable during the conver-

sion time. Variation should not exceed+1/2 LSB for

the best accuracy in measurement. Alow pass filter

can be used at the analog input pins to reduce input

voltage variation during the conversion.

When selected as an analog channel, the input pin
is internally connected to a capacitor Cad of typi-
cally 12pF. For maximum accuracy, this capacitor
must be fully loaded at conversion start. In the
worst case, conversion starts one instruction (6.5
us) after the channel has been selected. In the
worst case conditions, the impedance ASI of the
analog voltage source is calculated using the fol-
lowing formula :

6.5pus =9 x Cad x ASI

(capacitor loaded over 99.9%), ie 30 K2 including
50% guardland. ASI can be higher if Cad has been
loaded for a longer time by adding instructions
before conversion start (adding more than 26 CPU
cycles is meaningless).

Since the ADC is on the same chip as the micro-
processor the user should not switch heavily
loaded output signals during conversion if high
precision is needed. This is because such switch-
ing will affect the supply voltages which are used
for comparisons. '
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8-BIT A/D CONVERTER (Continued)

The accuracy of the conversion depends on the
quality of the power supply voltages (Vop and Vss).
The user must specially take care of applying regu-
lated reference voltage on the \bp and Vss pins
(the variation of the power supply voltage must be
. inferior to 5V/ms). This implies in particular that a
suitable decoupling capacitor is used at \bp.

The converter can resolve the input voltage with a
resolution of:

Vob — Vss
256
The Input voltage (Ain) which has to be converted
must be constant for 1us before conversion and
remain constant during the conversion.

The resolution of the conversion can be improved
if the power supply voltage (Vbp) of the microcon-
troller becomes lower.

In order to optimize the resolution of the conver-
sion, the user can configure the microcontroller in
the WAIT mode because this mode allows the
minimization of the noise disturbances and the
variations of the power supply voltages due to the
switching of the outputs. Nevertheless, it must be
take care of executing the WAIT instruction as soon
as possible after the beginning of the conversion
because the execution of the WAIT instruction may
provide a small variation of the \bp voltage (the
negative effect of this variation is minimized at the
beginning of the conversion because the latter is
less sensitive than the end of the conversion when
the less significant bits are determined).

The best configuration from a accuracy point of
view is the WAIT mode with the Timer stopped.
Indeed, only the ADC peripheral and the oscillator
are still working. The MCU has to be wake-up from
the WAIT mode by the interrupt of the ADC periph-
eral at the end of the conversion. It must be noticed
that the wake-up of the microcontroller could be
done also with the interrupt of the TIMER, but in
this case, the Timer is working and some noise
could disturb the converter in terms of accuracy.

EAL. If this bit is set to one the A/D interrupt (vector
#4) is enabled, when EAI=0 the interrupt is dis-
abled.
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Figure 36. A/D Converter Control Register

&7, SRS

ADCR

A/D Converter Control Register
(D1h, Read/Write) ]

D7(D6{D5|D4|D3(D2|D1{D0

——: Not Used

PDS = Power Down Selection
STA = Start of Conversion
EOC = End Of Conversion
EAI = Enable AD Interrupt

EOC. Read Only;This read only bit indicates when
a conversion has been completed. This bit is auto-
matically reset to zero when the STA bit is written.
If the user is using the interrupt option then this bit
can be used as an interrupt pending bit. Data in the
data conversion register are valid only when this bit
is set to one.

STA. Write Only, Writing a “1” in this bit will start a
conversion on the selected channel and automat-
ically reset to zero the EOC bit. If the bit is set again
when a conversion is in progress, the present
conversion is ‘stopped and a new one will take
place. This bit is write only, any attempt to read it
will show a logical zero.

PDS. This bit activates the A/D converter if set to
“1”. Writing a zero into this bit will put the ADC in
power down mode (idle mode).

D3-DO0. Not used
Figure 37. A/D Converter Data Register

ADR

AD Converter Data Reglster
(DOh, Read Only)

D7|D6|D5(D4(D3|D2|D1| D0

‘—— D7-D0=8Bit AD Resut
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SOFTWARE DESCRIPTION

The ST62xx software has been designed to fully
use the hardware in the most efficient way possible
while keeping byte usage to a minimum; in short to
provide byte efficient programming capability. The
ST62xx core has the ability to set or clear any
register or RAM location bit of the Data space with
a single instruction. Furthermore, the program may
branch to a selected address depending on the
status of any bit of the Data space. The carry bit is
stored with the value of the bit when the SET or
RES instruction is processed.

Addressing Modes

The ST62xx core has nine addressing modes
which are described in the following paragraphs.
The ST62xx core uses three different address
spaces : Program space, Data space, and Stack
space. Program space contains the instructions
which are to be executed, plus the data for imme-
diate mode instructions. Data space contains the
Accumulator, the X,Y,V and W registers, peripheral
and Input/Output registers, the RAM locations and
Data ROM locations (for storage of tables and
constants). Stack space contains six 12-bit RAM
cells used to stack the return addresses for subrou-
tines and interrupts.

Immediate. In the immediate addressing mode,
the operand of the instruction follows the opcode
location. As the operand is a ROM byte, the imme-
diate addressing mode is used to access constants
which do not change during program execution
(e.g., a constant used to initialize a loop counter).

Direct. In the direct addressing mode, the address
of the byte that is processed by the instruction is
stored in the location that follows the opcode. Direct
addressing allows the user to directly address the
256 bytes in Data Space memory with a single
two-byte instruction.

Short Direct. The core can address the four RAM
registers X,Y,V,W (locations 80h, 81h, 82h, 83h) in
the short-direct addressing mode . In this case, the
instruction is only one byte and the selection of the
location to be processed is contained in the op-
code. Short direct addressing is a subset of the
direct addressing mode. (Note that 80h and 81h
are also indirect registers).

Extended. In the extended addressing mode, the
12-bit address needed to define the instruction is
obtained by concatenating the four less significant
bits of the opcode with the byte following the op-

(7, s omson

code. The instructions (JP, CALL) that use the
extended addressing mode are able to branch to
any address of the 4K bytes Program space.

An extended addressing mode instruction is two-
byte long.

Program Counter Relative. The relative address-
ing mode is only used in conditional branch instruc-
tions. The instruction is used to perform a test and,
if the condition is true, a branch with a span of -15
to +16 locations around the address of the relative
instruction. If the condition is not true, the instruc-
tion that follows the relative instruction is executed.
The relative addressing mode instruction is one-
byte long. The opcode is obtained in adding the
three most significant bits that characterize the kind
of the test, one bit that determines whether the
branch is aforward (when itis 0) orbackward (when
it is 1) branch and the four less significant bits that
give the span of the branch (0h to Fh) that must be
added or subtracted to the address of the relative
instruction to obtain the address of the branch.

Bit Direct. In the bit direct addressing mode, the
bit to be set or cleared is part of the opcode, and
the byte following the opcode points to the address
of the byte in which the specified bit must be set or
cleared. Thus, any bit in the 256 locations of Data
space memory can be set or cleared.

Bit Test & Branch. The bit test and branch ad-
dressing mode is a combination of direct address-
ing and relative addressing. The bit test and branch
instruction is three-byte long. The bit identification
and the tested condition are included in the opcode
byte. The address of the byte to be tested follows
immediately the opcode in the Program space. The
third byte is the jump displacement, which is in the
range of -126 to +129. This displacement can be
determined using a label, which is converted by the
assembler.

Indirect. In the indirect addressing mode, the byte
processed by the register-indirect instruction is at
the address pointed by the content of one of the
indirect registers, X or Y (80h,81h). The indirect
register is selected by the bit 4 of the opcode. A
register indirect instruction is one byte long.

Inherent. In the inherent addressing mode, all the
information necessary to execute the instruction is
contained in the opcode. These instructions are
one byte long.
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SOFTWARE DESCRIPTION (Continued)
Instruction Set

The ST62xx core has a set of 40 basic instruc-
tions. When these instructions are combined with
nine addressing modes, 244 usable opcodes can
be obtained. They can be divided into six different
types:load/store, arithmetic/logic, conditional
branch, control instructions, jump/call, bit manipu-
lation. The following paragraphs describe the dif-
ferent types.

All the instructions within a given type are pre-
sented in individual tables.

Table 12. Load & Store Instructions

Load & Store. These instructions use one,two or
three bytes in relation with the addressing mode.
One operand is the Accumulator for LOAD and the
other operand is obtained from data memory using
one of the addressing modes.

For Load Immediate one operand can be any of the
256 data space bytes while the other is always
immediate data.

Instruction Addressing Mode Bytes Cycles Z Flags C
LDA, X Short Direct 1 4 A *
LDAY Short Direct 1 4 A *
LDA,V Short Direct 1 4 A *
LDA,W Short Direct 1 4 A *
LDX,A Short Direct 1 4 A *
LDY,A Short Direct 1 4 A *
LDV, A’ Short Direct 1 4 A *
LDW,A Short Direct 1 4 A *
LDA, Direct 2 4 A *
LDm A Direct 2 4 A *
LD A, (X) Indirect 1 4 A *
LD A, (Y) Indirect 1 4 A *
LD (X), A Indirect 1 4 A *
LD (Y),A Indirect 1 4 A *
LDI A, #N Immediate 2 4 A *
LDI m, #N Immediate 3 4 * *
Notes:
X,Y. Indirect Register Pointers, V & W Short Direct Registers
#. Immediate data (stored in ROM memory)
. Data space register
A. Affected
*. Not Affected
3
— I STA-HR
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SOFTWARE DESCRIPTION (Continued)

Arithmetic and Logic. These instructions are
used to perform the arithmetic calculations and
logic operations. In AND, ADD, CP, SUB instruc-
tions one operand is always the accumulator while
the other can be either a data space memory

Table 13. Arithmetic & Logic Instructions

content or an immediate value in relation with the
addressing mode. In CLR, DEC, INC instructions
the operand can be any of the 256 data space
addresses. In COM, RLC, SLA the operand is
always the accumulator.

Instruction Addressing Mode Bytes Cycles 7 Flags c
ADD A, (X) Indirect 1 4 A A
ADD A, (Y) Indirect 1 4 A A
ADDA, r Direct 2 4 A A
ADDI A, #N Immediate 2 4 A A
AND A, (X) Indirect 1 4 A *
AND A, (Y) Indirect 1 4 A *
AND A, it Direct 2 4 A *
ANDI A, #N Immediate 2 4 A *
CLRA Short Direct 2 4 A A
CLRr Direct 3 4 * *
COMA Inherent 1 4 A A
CPA, (X) Indirect 1 4 A A
CPA, (Y) Indirect 1 4 A A
CPA,r Direct 2 4 A VA
CPIA, #N Immediate 2 4 A A
DEC X Short Direct 1 4 A *
DECY Short Direct 1 4 A *
DECV Short Direct 1 4 A *
DECW Short Direct 1 4 A *
DECA Direct 2 4 A *
DEC Direct 2 4 A *
DEC (X) Indirect 1 4 A *
DEC (Y) Indirect 1 4 A *
INC X Short Direct 1 4 A *
INCY Short Direct 1 4 A *
INCV Short Direct 1 4 A *
INCW Short Direct 1 4 A *
INCA Direct 2 4 A *
INC I Direct 2 4 A *
INC (X) Indirect 1 4 A *
INC (Y) Indirect 1 4 A *
RLCA Inherent 1 4 A A”
SLAA Inherent 2 4 A A
SUBA, (X) Indirect 1 4 A A
SUBA, (Y) Indirect 1 4 A A
SUBA, Direct 2 4 A A
SUBIA, #N Immediate 2 4 A A

Notes:

X,Y. Indirect Register Pointers, V & W Short Direct Registers A. Affected

#. Immediate data (stored in ROM memory) *. Not Affected

rr. Data space register

L7 SGS-THOMSON 37167
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SOFTWARE DESCRIPTION (Continued)

Conditional Branch. The branch instructions
achieve a branch in the program when the selected
condition is met.

Bit Manipulation Instructions. These instruc-
tions can handle any bitin data space memory. One
group either sets or clears. The other group (see
Conditional Branch) performs the bit test branch
operations.

Table 14. Conditional Branch Instructions

Control Instructions. The control instructions
control the MCU operations during program execu-
tion.

Jump and Call. These two instructions are used to
perform long (12-bit) jumps or subroutines call
inside the whole program space.

Instruction Branch If Bytes Cycles Z Flags e
JRCe C=1 1 2 * *
JRNC e C=0 1 2 > *
JRZ e Z=1 1 2 * *
JRNZ e Z=0 1 2 * *
JRR b, T, ee Bit=0 3 5 * A
JRS b, 11, ee Bit=1 3 5 * A

Notes:

b. 3-bit address rr.  Data space register

e. 5 bit signed displacement in the range -15to +16 A. Affected

ee. 8 bit signed displacement in the range -126 to +129 *. Not Affected

Table 15. Bit Manipulation Instructions
Instruction Addressing Mode Bytes Cycles Z Flags c
SETb,ir Bit Direct 2 4 * *
RES b, Bit Direct 2 4 * *

Notes:

b. 3-bit address; *. Not Affected

. Data space register;

Table 16. Control Instructions
Instruction Addressing Mode Bytes Cycles Z Flags c
NOP Inherent 1 2 * *
RET Inherent 1 2 * *
RETI Inherent 1 2 A A
STOP (1) Inherent 1 2 * *
WAIT Inherent 1 2 * *

Notes:

1. This instruction is deactivated and a WAIT is automatically executed instead of a STOP if the watchdog function is selected.

A. Affected
* . Not Affected

Table 17. Jump & Call Instructions

Instruction Addressing Mode Bytes Cycles Flags C
CALL abc Extended 2 4 * *
JP abc Extended 2 4 * *
Notes:
abc.12-bit address;
*. Not Affected
38167 LSy SGS-THOMSON
Y/, wicrorLECTRONICS
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SOFTWARE DESCRIPTION (Continued)

Opcode Map Summary. The following table contains an op@de map for the instructions used by ST6

Low ] 1 2 3 4 5 6 7 8 9 A B C D E F Low
Hi 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | O111 1000 | 1001 | 1010 | 1011 | 1100 | 1101 110 | 1111 H
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 LD|2JRNZ|4 JP|2JRNC[4 RES|2 JRZ|4 LDI|2 JRC|4 LD
mooo e abe e [bomee| e # e | al e abe e |[bor | e mon e | af Oo%o
1 per|2 ext|1 per{3  bt|1  per 1 prej1 ind|1 perf2 ext]1 per[2 bd|1 per|{3 imm|1  per|1 ind
2JRNZ[4 CALL|2 JRNC|5 JRS|2 JRZ|4 INC|2 JRC|4 LDI|2JRNZ[4 JP|2JRNC|4 SET|2 JRZ|4 DEC(2 JRC|4 LD
DJO . e abe e |bomee| e X e ann e abe e b0, e x e ar | o 6‘0 .
1 per|2 ext|t per[3 bttt perf1t  sd|1 prc|2 imm|1 per|2  extj1  per[2 bd]1 per|t  sd{1  per|2  dir
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC[4 CP[2JRNZ[4 JP|2JRNC|4 RES|2 JRZ|4 COM[2 JRC[4 CP
0021 o e abc e [bamee| e # e | a e abe e bar | e a e [aw |, 021 0
1 per|2 ext/t  per[3  bt|1 per 1 pref1 ind|1 perf2 ext{1 perj2 bdf1 per|1  inh|1  per[1  ind
2JRNZ|4 CALL|2 JRNC|5 JRS|2 JRZ|4 LD|2 JRC|4 CPI|2JRNZ|4 JP|[2JRNC|4 SET|2 JRZ|4 LD|2 JRC|4 CP
0031 1 e abe e |b4mee| e ax e |.ann e abc e |bar | e xa e aur 0031 '
1 per|2  extf1  per|3 bttt perf1 sd|1 pre|2 imm|{1 perj2  ext|1  perf2 bd. |1 perf1 sd{1 per|2  dr
2JRNZ|4 CALL{2 JRNC|5 JRR|2 JRZ 2 JRC|4 ADD|2JRNZ[4 JP|2 JRNC|4 RES|2 JRZ|2 RETI|2 JRC|4 ADD
o 1400 e abc e [b2mee| e # e | a e abe e b2rr | e e [am [, 1‘})0
1 per|2  ext{1  per|3  btf1  per 1 " pre|1 ind|1 perf2 ext|t perf2 bd|1  per|1  inh|1  perf1  ind
2JRNZ|4 CALL|2 JRNC|5 JRS|2 JRZ|4 INC|2 JRC|4 ADDI|2JRNZ|4 JP|2JRNC|4 SET|2 JRZ|4 DEC|2 JRC|4 ADD
o 1% 1 e abc e b2,mee e y e ann e abe e b2, e y e a,r 01% 1
1 per|2  ext[1 per|3 bt[1 per|1 sd|1 prc[2 imm|1 per{2 ext{1 per|2 bd|{1 per|1 sd|1  per[2 dr
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 INC|2JRNZ[4 JP|2JRNC|4 RES|2 JRZ|2 STOP|2 JRC|4 INC
0151 o e abe e [b6mee| e # e x) e abe e b6 | e e ) 0% o
1 per|2  ext|1  per|3  bt|1 per 1 pref1 ind|1 perf2 ext|t perf2 bd|1 perft  inh|1  perf1  ind
2JRNZ|4 CALL|2 JRNC|5 JRS|2 JRZ|4 LD|2 JRC 2JRNZ[4 JP|2 JRNC|4 SET|2 JRZ|4 LD|2 JRC|4 INC
0171 1 e abc e b6mee| e ay e # e abc e b6, e ya e m 0171 1
1 perf2 ext|t perf3  bt|1  perf1  sd{1  prc 1 perf2 ext|t perf2 bd|1  perf1 sdf1 per|2  dir
2JRNZ[4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 LD|2JRNZ|4 JP|2JRNC|4 RES|2 JRZ 2 JRC|{4 LD
1§°° e abe e |bimee| e # e (xa e abc e bier [ e # e )a 10900
1 perj2  ext|1  per|3 btj]1  per 1 prej1 ind|1 perj2 ext|1 perj2  bd|1  per 1 per{1 ind
2JRNZ|4 CALLI2 JRNC|5 JRS|2 JRZ|4 INC|2 JRC| 2JRNZ|4 JP|2JRNC|4 SET|2 JRZ|4 DEC|2 JRC[{4 LD
1 o% . e abe e |blmee| e v e # e abe e bier | e v e ma | o% .
1 per|2 ext|1t per[3  bt|1 perft  sd|1  prc 1 perj2  ext|1t  perf2 bd]1 perj1t sd{1  per|2  dr
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC[4 AND|2JRNZ|4 JP[2JRNC|4 RES|2 JRZ|4 RLC|2 JRC|4 AND
1 a 0 e abe e |bsmee| e # e a,(x) e abe e bS,r e a ) ay |, CGO
1 per|2 extj1 per[3  btj1  per 1 pre|]t ind|1 perf2  ext|1  per|2 bd]1 per|1 inh|1 per|1 ind
2JRNZ|4CALL|2 JRNC|5 JRS|2 JRZ|4 LD|2 JRC|4 ANDI|2JRNZ|4 JP|2JRNC|4 SET|2 JRZ|4 LD[2 JRC|4 AND
1 051 1 e abc e b5,mee e av e ann e abc e b5, e va e arr 1 051 1
1 per|2 ext|1  perf3  btj1 per[1  sd|1  pre|2 imm{1 per|2  ext|1 perj2  bd|1 perf1 sd{1 per|2  dr
2JRNZ{4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 SUB[2JRNZ[4 JP|2 JRNC[4 RES|2 JRZ|2 RET|2 JRC|4 SUB
"% 0 e abc e b3,mee e # e a,(x) e abc e b3,rr e e a(y) 1 1c00
1 perf2 ext|1 per|3  bt|1  per 1 pre|]1 ind|1 perf2 ext|1  perj2 bdjt  per|t  inh|1  per[t ind
2JRANZ|4 CALL|2 JRNC|5 JRS|2 JRZ|4 INC|2 JRC|4 SUBI|2JRNZ[4 JP|2 JRNC|4 SET|2 JRZ|4 DEC|2 JRC|4 SUB
11% 1 e abe e |b3mee| e w e ann e abc e b3,rr e w e a[r 1 1% 1
1 per|2 ext|1t per[3  bt{1  per|t  sd[1  prc|2 imm|1 perj2  extj1  perf2 bd]1 per|t sd{1 perj2  dr
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 DEC|2JRNZ|4 JP|2JRNC|4 RES|2 JRZ|2 WAIT|2 JRC|4 DEC
1 1510 e abe e |b7mee| e # e ¥ e abe e b7 | e e ) “Em
1 per|2 extjt per|3  bt|1  per 1 pre|t ind|1 perf2 ext|t per|2 bdf1 per|t  inhf1  per|1  ind
2JRNZ[4 CALL|2 JRNC|5 JRS|2 JRZ|4 LD|2 JRC 2JRNZ|4 JP|2JRNC|4 SET|2 JRZ{4 LD|2 JRC|4 DEC
1 ’F1 1 e abe e |b7mee| e aw e # e abc e b7,r e wa e m 4 1‘: 1
per|2  ext[1  per|3  bt|1 per|1  sd]1 prc 1 per|2  ext|1  perj2  bd|1  per|1 sd{1 per|2 dir
Abbreviations for Addressing Modes: Legend:
dir Direct # Indicates lllegal Instructions Cycles 2 JRC Mnemonic
sd  Short Direct e & Bit Displacement Operand —e
imm  Immediate b 3 Bit Address Bytes——{1_por
inh Inherent (g 1byte dataspace address Adcressing Mode
ext  Extended nn 1 byteimmediate data
bd  BitDirect abc  12bitaddress
bt Bit Test ee 8 bit Displacement
per  Program Counter Relative
ind Indirect
Lyg, S55-THOMSON : 39/67
s MICROGLECTRONICS

53



ST6210B-15B-20B-25B

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

This product contains devices to protect the inputs
against damage due to high static voltages, how-
ever it is advised to take normal precaution to avoid
application of any voltage higher than maximum
rated voltages.

For proper operation it is recommended that (and
Vo must be higher than Vss and smaller Vpp.
Reliability is enhanced if unused inputs are con-
nected to an appropriated logic voltage level (\bp
or Vss).

Power Considerations. The average chip-junc-
tion temperature, Tj, in Celsius can be obtained
from :

Tj= Ta + PD x RthJA
Where :Ta = Ambient Temperature.

RthJA = Package thermal resistance
(junction-to ambient).

PD=  Pint + Pport.
Pint= Ipp x Vpp (chip internal power).

Pport = Port power dissipation
(determinated by the user).

Symbol Parameter Value Unit
Vop Supply Voltage -0.3t07.0 Vv
Vi Input Voltage Vss - 0.3 to Vpp + 0.3 \%
Vo Output Voltage Vss - 0.3 to Vpp + 0.3 v

lo Current Drain per Pin Excluding Vop, Vss 10 mA
Ing+ Pin Injection current (positive), All I/0, Vpp = 4.5V +5 mA

liNg- Pin Injection current (negative), All I/O, VDD = 4.5V -5 mA
IVob Total Current into Vpp (source) 50® mA
IVss Total Current out of Vss (sink) 50 mA
Tj Junction Temperature 150 °C
Tsta Storage Temperature -60 to 150 °C

Notes :

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

may affect device reliability.

- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as

injection current is kept within the specification.

- (2) The total current through ports A and B combined may not exceed 50mA. The total current through port C may not exceed 50mA. If
the application is designed with care and observing the limits stated above, total current may reach 100mA.

THERMAL CHARACTERISTIC

Symbol Parameter Test Conditions Value Unit
Min. Typ. Max.
PDIP28 55
RthJA | Thermal Resistance PDIP20 60 W
PS0O28 75
PS0O20 80
4067 (7 SGS-THOMSON
Y/. viicRorLECTRONIGS
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RECOMMENDED OPERATING CONDITIONS

ST6210B-15B-20B-25B

i Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
. 6 Suffix Version -40 85 o
TA' Operating Temperature 1 Suffix Version 0 70 C
fosc= 2MHz
fner = 2MHz 3.0 6.0 \
Voo Operating Supply Voltage fosc= 4MHz
P g Supply g fer = 4MHz 3.5 6.0 \Y
fosc = 8MHz
finT = BMHz 4.5 6.0 Vv
@ Vpp = 3V; OSG disabled 0 2.0 MHz
twr | Intemal Frequency Vop= 4.5V:0SG disabled | 0 8.0 MHz
Pin Injection Current (positive)
N+ Digital Input Vpp = 4.5t0 5.5V +5 mA
Analog Inputs®®
Pin Injection Cumrent (negative)
IiNg- Digital Input Vop = 4.510 5.5V -5 mA
Analog Inputs
Notes :
1. Acurrent of £ 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive

current injected into one pin, a part of this current ( ~ 10%) can be expected to flow from the neighbouring pins.

2. Ifatotal current of +1 mAis flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB.

3. Aninternal frequency above 1MHz is recommended for reliable A/D results.

Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (Vbp)

Maximum FREQUENCY ( MHz)

f

8. 7
FUNCTIONALTYISNOT /"
7 GUARANTEED .
IN THIS AREA /
6 /
5, : I : .
ya | Hyeq Min |
] / _—
2 _—' . .
25 - 3 3.5 4 4.5 5 5.5 6
SUPPLY VOLTAGE ( V,, )
VR01807C
The shade area is outside the ST6210B/15B operating range, device functionality is not guaranteed.
41/67
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ST6210B-15B-20B-25B

DC ELECTRICAL CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Input Low Level
Vi Voltage Vbp x 0.3 Vv
TIMER,NMI,RESET pins
Input High Level
Viu Voltage Vpp x 0.7 \Y
TIMER,NMI,RESET pins
v Hysteresis Voltage Vpp=5V 1 v
Hys All Inputs Vpp= 3V 0.5
Low Level Output
VoL Voltage loL=+5.0mA 0.2x VDD \
TIMER pin
High Level Output
VoH ¥?hlltlggﬂe . lon=-5.0mA Vppx 0.65 A
pin
Pull-up
Reu | TIMER, NMI pins 50 100 200 ke
" Input Leakage Current | Vin=Vss
| TIMER, NMI pins Vin= Voo 04 10 KA
Vin=Vpp; Watchdog Res. 1 mA
IIIL glggé._?ali&ﬁge Current Vin=Vbp; No Watch. Res. 10 pA
H p Vin=Vss; External Res. -8 -16 -30 pA
Supply Current in VReser= Vss
RESET Mode foso= 8MHz 35 mA
. Vpp = 5.0V fint=8MHz 3.5
gl&%%ggggt in Vpp = 5.0V fint=fLrao TBD mA
Iop Vpp = 3.0V fint=2MHz TBD
. Vpp= 5.0V fint=8MHz 1.50
a;j ’L’\)l’-?]{ﬂ%légﬁ;gt n Voo = 5.0V fint=fLra0 TBD mA
Vpp= 3.0V fint=2MHz TBD
Supply Current in ILoaD= OmA
STOP Mode @ Vo= 5.0V 10 HA
Notes :
1. Only when pull-ups are not inserted
2. Al peripherals running
3. A/D Converter in Stand-by
4. Hysteresis voltage between switching levels
42/67 ‘_ SGS-THOMSON
Y/. vicrorLeCTRONGS
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ST6210B-15B-20B-25B

AC ELECTRICAL CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
: Min. | Typ. | Max.
" Vpp = 3.0V; OSG disabled 2
fosc Oscillator Frequency Voo = 4.5V: OSG disabled 8 MHz
Maximum internal frequency VDD = 3.0V 2
fose | \ith OSG enabled Vop= 45V 4 MHz
Low Frequency Auxiliary
fieo | ogcillator 200 | 400 | 800 | kHz
Oscillator Start-up Time Ceramic Resonator
C at Power On @ Cu1 = Ciz = 22pF 5 100
8MHz Ceramic Resonator 02 100
tsus Oscillator STOP(2r;node CL1=C12=22pF " . ms
Recovery Time 8MHz Quartz 10 100
CL1=Cr2=22pF
tRec Supply Recovery Time 100
Minimum Pulse Width (Vop = 5V)
Twr RESET pin . 100 ns
NMI pin 100 -
Cin Input Capacitance All Inputs Pins 10 pF
Cout Output Capacitance All Outputs Pins 10 pF
Note:
1. Period for which Voo has to be connected at OV to allow internal Reset function at next power-up.
2. See Figure 38. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application.
Figure 38.Power On Reset
Vop | — —
1
V, 1-2V
bD Typical [, . -
ov | t
|
| o~ -
! |
|
OSCILLATOR ! L
by I | t
I su | |
| 2048 cycles !
' i
|
INTERNAL
RESET
t
VA02958
L3y, S6S:THOMSON 43167
> MICROELECTRONICS
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ST6210B-15B-20B-25B

RC Oscillator. fint versus Rner (Indicative Values)

F MHz T=25C
10}‘;
e
\\‘7 :-'-'. N

s,

7
s
A

g
10 100 1000 10000

R = Kohms
* 3 Volts -+ 4 Volts * 5 Volts = 6 Volts
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

0.1

VR01935

RC Oscillator. fint versus Rner (Indicative Values)

E MHz Voo = 5 Volts
1°L :
\#*\
\\
N
1 = > "
N
0.1 NN
10 100 1000 10000

=25.C =85 C R = Kohms

The shaded area is outside ST62xxB operating range, device functionality is not guaranteed
VRO1935A

44/67 LNy SGS-THOMSON
’Io MICROELECTRONICS
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ST6210B-15B-20B-25B

ELECTRICAL CHARACTERISTICS (Continued)

CURRENT CONSUMPTION
IDD Current Versus Supply Voltage
Typical Values(Ta : +85°C)
RUN MODE WAIT MODE
DD (mA) IDD (mA)
6 T T 2 7 7 T 0
32HHz(1)4 MHz 8 WHz | |
i [ e . 5
5 I I | | | )
I | | | I
L i A M i s S Mt
| | | | |
4 | | | | |
1 | L
b
3 To be defined L To be defined -
N [ NS
2 A A
| | i | |
05 (1———T———=——t——————71
| | | | | |
1 | | | | |
| | | 1 |
| | | | |
Lo
0 ! 35 4 45 55 ! ° E 35 4 45 5 55 6
VDD (v) VDD (v)
VR01993C
Note 1. Using the network described in the Application Note AN673
IDD Current Versus Supply Voltage
Typical Values(Ta : +85°C)
STOP MODE
1DD (yA)
5
4
3
To be defined
2
1
0
3 35 4 45 5 55 6
VDD (v)
VR01993D
Ly7 SGS-THOMSON 45/67
’lo MICROELECTRONICS
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ST6210B-15B-20B-25B

1/0 PORT CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
Val
Symbol Parameter Test Conditions aue Unit
, Min. Typ. Max.
ViL | Input Low Level Voltage 1/0 Pins 0.3xVop| V
ViH Input High Level Voltage 1/0 Pins 0.7x Vop \"
Vpp= 5.0V
loL= 10pA , All I/O Pins 0.1
VoL Low Level Output Voltage loL= 5mA, Standard I/O 0.8 v
lo.= 10mA \* 0.8
loL= 20mA } PAO-PA3 1.3
) loH=— 10pA Vpp-0.1
Vo High Level Output Voltage lon=—5mA, Vpp= 5.0V 3.5 \
lon=—1.5mA, Vpp= 3.0V 2.0
Vin= Vpp or Vss
I Input Leakage Current v
i e LI bp= 3.0V 0.1 1.0 pA
v 1/0 Pins (pull-up resistor off) Vop= 5.5V 04 10
Rpu Pull-up Resistor Vin= 0V; All I/O Pins 50 100 200 KQ
TIMER CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
' Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
trRes Resolution 12 s
fint
" Stop Mode 2 MHz
fin Input Frequency on TIMER Pin Run and Wait Modes fint MHz
8
Vop = 3.0V 1 us
tw Pulse Width at TIMER Pin Vop = 4.5V 125 ns
Vpp = 5.5V 125 ns
46/67 ‘_ SGS-THOMSON
Y. icronLECTRONGS
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ST6210B-15B-20B-25B

A/D CONVERTER CHARACTERISTICS

(Ta= -40 to +85°C unless otherwise specified)

Value _'
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Res Resolution 8 Bit
[UYE) fosc > 1.2MHz +1 +2
Ator | Total Accuracy fosc » 32kHz i LSB
tc Conversion Time fosc = 8MHz 70 us
VaN Conversion Range Vss Vop v
" Conversion result
ZIR Zero Input Reading when Viy = Vs 00 Hex
. Conversion result
FSR | Full Scale Reading when Vi = Voo FF Hex
Analog Input Current During _
ADi | Conversion Voo=4.5V 1.0 HA
AC® | Analog Input Capacitance 2 5 pF
Analog Channel
ASI Analog Source Impedance switched just before 30 kQ
conversion start )
Notes:
1. Noise at Vpp, Vss<10mV
2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased.
3. Excluding Pad Capacitance.
4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start.
LYy SGS-THOMSON 47167
Y/, MicRoECCTRONGS
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ST6210B-15B-20B-25B -

READ PROTECTION FUSE

If the ROM READOUT PROTECTION option is The following circuit can be used for this purpose:

selected as enabled, the following waveform must .

be applied at the Vbp pin for the fuse to be blown: ~ Figure 39. Example of READOUT
PROTECTION fuse programming circuit

Vpp ! 0.5s min ! 5V 4TuF

1 | T
: 100ss max } ‘—~ l—

I

15_____:___' ! 100nF
14V typ 1 | | ]
104 | /i : I
| : | v
s4 1/ | ss
/ | |
— ; Yoo -
t
| ! |
I : |
1 Vp : : i PROTECT
1 —_—
1 150us t
| k_ﬁ.{yp i Ve[ L 14V
|
1 ! ! |
[ R B I 1 100nF
10(:;2 == | 1|- | ZPD15
! | i ' 15V
1 : : |
P/ ! l
: : : : VR02003
4mAtyp | __ I ___:____' _ ! - - -
! 7 i L n Note: ZPD15 is used for overvoltage protection
VR02001
48/67 LSz SGS-THOMSON
Y/, wicrorLECTRONCS

62



ST6210B-15B-20B-25B

PACKAGE ME’CHANICAL DATA

Figure 40. 20-Pin Dual in Line Plastic (B), 300-Mil Width

E1 Dim. mm inches
I__‘ Min | Typ [ Max [ Min | Typ | Max
E | A 393 0.155
KZT T LA C A1 |0.254 * o010
atL T B 045 0017
B1 B o1 E Bt | 139 165 | 0055 0.065
i c 0.25 0.009
- o ) D 254 1,000
> Di 134 0053
E 85 0334
Et LA 0279
N / L 7 s m —1
fa— / T
KI— —-——1 —
/ [ L 3.30 0.129
! o N/2 el 254 010
VROA1725 Number of Pins
N ] 20

Figure 41. 28-Pin Dual in Line Plastic (B), 600-Mil Width

E1 Dim. mm inches
i | Min | Typ | Max | Min | Typ | Max
= == A |22 48 [0.086 0.189
KZT LA c Al | 051 177 {0010 0069
At L - B | 038 058 [ 0015 0023
el E Bt | 097 152 | 0055 0.065
! Cc |02 03 |0.008 0.009
_ D1 D [3506 36.22| 1400 1425
| -|--]-1-1-
N L E 16.3 0641
7/ Ef 12.9 0508
K1 Dy K| - - - - - -
o IS E N
i L |a18 444 [ 1.5 0174
[ et 254 0.10
1 N/2 VR001725 Number of Pins
N ] 28
[
Ly7, S&S:THOMSON : 49/67
» MICROGELECTRORICS
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$T6210B-15B-20B-25B

PACKAGES MECHANICAL DATA (Continued)

Figure 42. 20-Lead Small Outline Plastic (M), 300-Mil Width

L ., h Dim. mm inches
v m m [ h Min | Typ [ Max | Min | Typ | Max
f IE I A - A { A | 205 255 | 0.081 0.10
At | 01 03 |0004 0118
/‘L—U—U—U'//T—_ X % ﬁg B | 035 049 | 0138 0192
B €
_| o1 b D1 E2 . E2 c [o2s 032 | 0091 0125
D |126 13.0 | 4961 5118
E ot [ -[-]-]-1]-1]-
N E 100 1065/ 0.394 0419
00 ’/,/ 000 ’/’Q E1 | 740 760 | 2914 2992
Il Il e TR T
] 1 L o040 127 | 0016 0.050
// // e 1.27 0.05
I /s «l -1 -1-1=-1-1-
1] // g ud V/ oa Number of Pins
1 N/2 VR001726 N 20
Figure 43. 28-Lead Small Outline Plastic (M), 300-Mil Width
L ,, h Dim. mm Inches
m m | h Min | Typ | Max | Min | Typ | Max
£ I = 1, A | 205 255 | 0.081 0.10
/L_U_U_U{ I\ =¥g M | 04 03 |0004 o118
B e| [IM % B |03 049 [ 0138 0192
D1 D1 E2 . E2 c |o2s 032 | 0081 0125
7 D E D [177 18.1 | 6969 7125
" | -[-]-]T-1T-17-
E | 100 10.65( 0304 0419
010 ,{/ 0010 ,/'Q E1 | 740 7,60 | 2914 2992
i j s
B i L [o40 127 [ 0016 0.050
// // e 1.27 005
| e s 1 o - - - - - -
1} // oodo W oo Number of Pins
1 N/2 VR001726 N 2
N
50/67 K
I STA R
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S$T6210B-15B-20B-25B

ORDERING INFORMATION

The following chapter deals with the procedure for
transfer customer codes to SGS-THOMSON.

. Communication of the customer code. Cus-
tomer code is made up of the ROM contents and
the list of the selected mask options. The ROM
contents are to be sent on one diskette with the
hexadecimal file generated by the development
tool. All unused bytes must be set to FFh.

The selected mask options are communicated to
SGS-THOMSON using the correctly filled OPTION
LIST appended.

Listing Generation & Verification. When SGS-
THOMSON receives the diskette, a computer list-
ing is generated from it. This listing refers exactly
to the mask that will be used to produce the micro-
controller. Then the listing is returned to the cus-
tomer that must thoroughly check, complete, sign
and return it to SGS-THOMSON. The signed listing
constitutes a part of the contractual agreement for
the creation of the customer mask.

SGS-THOMSON sales organization will provide
detailed information on contractual points.

ORDERING INFORMATION TABLE

Table 18. ROM Memory Map
ST6210B,ST6215B (2K ROM Devices)

Device Address Description
0000h-087Fh Reserved ()
0880h-0F9Fh User ROM
OFAOh-OFEFh Reserved ("
OFFOh-OFF7h Interrupt Vectors
OFF8h-OFFBh Reserved
OFFCh-OFFDh NMI Interrupt Vector
OFFEh-OFFFh Reset Vector

ST6220B,ST6225B (4K ROM Devices)

Device Address Description
0000h-007Fh Reserved ("
0080h-0F9Fh User ROM
OFAOh-OFEFh" “Reserved ("
OFFOh-OFF7h Interrupt Vectors
OFF8h-OFFBh Reserved ()

OFFCh-OFFDh NMI Interrupt Vector
OFFEh-OFFFh Reset Vector .

Note 1. Reserved Areas should be filled with FFh

Sales Type ROM x8 110 Additonal Features | Temperature Range Package
ST6210BB1/XXX 0to +70°C PDIP20
ST6210BB6/XXX -40 to +85°C

12 A/D CONVERTER
ST6210BM1/XXX 0to +70°C PSO20
ST6210BME/XXX 2K Bytes -40 to +85°C
ST6215BB1/XXX 010 +70°C PDIP28
ST6215BB6/XXX -40 to +85°C

20 A/D CONVERTER :
ST6215BM1/XXX 0to +70°C PSO28
ST6215BM6/XXX -40 to +85°C
ST6220BB1/XXX 0to +70°C PDIP20
ST6220BB6/XXX -40 to +85°C

12 A/D CONVERTER .
ST6220BM1/XXX 0to +70°C PS0O20
ST6220BM6E/XXX 4K Bytes -40 to +85C
ST6225BB1/XXX 0to +70°C PDIP28

XX -40 to +85°C

ST6225BB6/X 20 A/D CONVERTER o
ST6225BM1/XXX 0to +70°C PSO28
ST6225BM6/XXX -40 to +85°C

Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options.

"_l SGS-THOMSON

s MICROGELECTRORNICS
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ST6210B-15B-20B-25B

ST6210B, ST6215B , ST6220B, ST6225B MICROCONTROLLER OPTION LIST

(083 (o) 1.1 =Y
Address . ... ... e e e
Contact . L e e e e e e e e e e e e e e
Phone NO . . L e e e e e e e e e e e e
Reference . . . e e e e e e e e e e e e e e e e e e e e

SGS-THOMSON Microelectronics references
Device: [ 1ST6210B [ ]1ST6215B [ ]1ST6220B [ ]ST6225B

Package: [ ]Dualin Line Plastic [ ]Small Outline Plastic
In this case, select conditioning
[ 1Standard (Stick)
[ ]1Tape & Reel

Temperature Range: [ 10°Cto+70°C [ 1-40°C to +85°C
Special Marking: [ 1No
[ ] Yes ﬂ_ —————————— ”

Authorized characters are letters, digits, ’.’, —', '/’ and spaces only.
Maximum character count DIP20 - DIP28: 10

S020 - SO28:8
Oscillator Source Selection: [ ] Crystal/Resonator
[ 1RC Network

Watchdog Selection: [ 1Software Activation (STOP mode available)
[ ]Hardware Activation (no STOP mode)
OSG: [ 1Enabled
[ 1Disabled
Input pull-up selection on NMI pin : [ 1Yes [ 1No
Input pull-up selection on TIMER pin : [ 1Yes [ 1No

ROM Readout Protection: Please contact your local SGS-THOMSON Sales Office

Comment :
Supply Operating Range in the application: [ ]13.0Vio6.0V

[ ]45Vto6.0V

Notes L e e e e e e e
Signature . . ... L.,
Date ... ...
52/67 ’ ' ¥
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r SGS-THOMSON ST62T10B, T15B, E20B
YF. NICAOELECTRONICS  ST62T20B. T25B. E25B

8-BIT OTP/EPROM HCMOS MCUs WITH A/D CONVERTER

PRELIMINARY DATA

n 3.0 to 6.0V Supply Operating Range
= 8 MHz Maximum Clock Frequency
= -40 to +85°C Operating Temperature Range
n Run, Wait & Stop Modes
w 5 different interrupt vectors
n Look-up table capability in EPROM
= User EPROM: 1828 bytes (ST62x10B, x15B)

3876 bytes (ST62x20B, x25B) PDIP20 PDIP28'
n Data EPROM: User selectable size
(in program EPROM)
n Data RAM: 64 bytes

= EPROM readout protection
= PDIP20, PSO20 (ST62T10B,T20B) packages
= PDIP28, PSO28 (ST62T15B,T25B) packages
o FDIP20, CSO20 (ST62E20B) packages
u FDIP28, CSO28 (ST62E25B) packages
n 12/20 fully software programmable 1/0 as:
— Input with pull-up resistor
— Input without Pull-up resistor
— Input with interrupt generation

— Open-drain or push-pull outputs
— Analog Inputs EPROM PACKAGES

= 4 1/0 lines can sink up to 20mA for direct LED or
TRIAC driving

= 8bit counter with a 7-bit programmable prescaler
(Timer)

= Digital Watchdog and Oscillator Safe Guard

= 8 bit A/D Converter with up to 8 (ST62T10B,
ST62x20B) and up to 16 (ST62T1 SB ST62x25B)
analog inputs

= On-chip clock oscillator driven by Quartz Crystal,
Ceramic resonator or RC network; Low Fre-
quency Auxiliary Oscillator.

= Power-on Reset

= One external not maskable interrupt

= 9 powerful addressing modes

= The ST62E20B, E25B are the EPROM versions,
the ST62T10B, T15B, T20B, T25B are the OTP

. versions, fully compatible with ROM versions
ST6210B, 15B, 20B, 25B.

Device Summary page 55/67

(Ordering Information at the end of the datasheet)

FDIP20W FDIP28W

July 1994 53/67
This is preliminary data from SGS-THOMSON. Details are subject to change without notice.
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

Figure 1. ST62T10B, T20B, E20B Pin Config. Figure 2. ST62T15B, T25B, E25B Pin Config.

Voo 011 ~—"2001 Vgs Voo 01 N/ 280 v
TIMER 2 1901 PAO TIMER [ 2 271 PAO
osCin3 180 PA1 0SCin [| 3 261 PAT
osCout [4 17 °PA2 OsCout [ 4 251 PA2

NMID5 1600 PA3 NMI [ 5 24 PA3

Test g6 15p PBO/Ain Ain/PC7 1] 6 230 PA4/Ain
RESET 7 1400 PB1/Ain Ain/PC8 1] 7 22[1 PAS/Ain
Ain/PB7 8 13 PB2/Ain Ain/PC5 [ 8 2101 PA/Ain
An/PB6 ]9 12[1 PB3/An Ain/PC4 ] 9 201 PA7/Ain
Ain/PB5 [ 10 11[) PB4/ Ain TesT ) g 10 191 PBO/Ain
— RESET [ 11 1801 PB1/Ain
Ain/PBT7 [ 12 171 PB2/Ain
Ain/PBS [ 13 161 PB3/Ain
Ain/PBS5 [ 14 151 PB4/Ain

VR001804

Note 1. This pinis also the Vep input for EPROM based device

Figure 3. ST62T10B,T15B,T20B,T25B - ST62E20,E25 Block Diagram

PA0..PA3 (20mA Sink)
PA4..PA7 / Ain*

8 BIT
10 &8en (=

TEST []

PBO0..PB7 / Ain
NMI

INTERRUPT

PC4..PC7 / Ain *

DATA ROM
USER
SELECTABLE

USER PROGRAM

[ROM or EPROM

1828 Bytes (1)
3876 Bytes (2)

DATA RAM
64 Bytes

[

=

TIMER

[ : <:>‘ DIGITAL WATCHDOG

STACK LEVEL 1 * NOT AVAILABLE ON ST6210B / 208
STACK LEVEL 2 () STe210/ 15
STACK LEVEL 3 . -
stackievera | | 8 BIT CORE <:::> (2) ST6220/25
STACK LEVEL 5 '
STACK LEVEL 6
POWER | [OSCILLATOR
| SUPPLY I | osa | | RESET |
L
Voo Vgs OSCin OSCout RESET VR01805B

54/67 SGS-THOMSON
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

GENERAL DESCRIPTION

The ST62T10B, T15B, T20B, T25B, E20B and
E25B microcontrollers are members of the 8-bit
HCMOS ST62xx family, a series of devices ori-
ented to low-medium complexity applications.
They are the OTP/EPROM versions of the
ST6210B, ST6215B, ST6220B and ST6225B de-
vices respectively.

ST62E20B, E25B are user programmable and
erasable devices. They are best suited for devel-
opment.

ST62T10B, T15B, T20B, T25B are One Time Pro-
grammable devices (OTP). These offer the best
cost/flexibility trade-off for prototyping and preser-
ies as well as most low to medium volume applica-
tions.

All ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).

The macrocells of the ST6210B, 15B, 20B and 25B
(available on the EPROM/OTP products) are: The
Timer peripheral that includes an 8-bit counter with
a 7-bit software programmable prescaler, the digi-
tal watchdog (DWD), an 8-bit A/D Converter with
up to 8 (ST6210B, 20B) or 16 (ST6215B, 25B) ana-
log inputs.

The ST62T10B, T15B, E20B, T20B, E25B, T25B
are upward compatible with the ST62T10, T15,
E20, T20, E25, T25. They in addition feature RC
network, an External STOP Mode Control enlarg-
ing the range of power consumption/safety trade-
offs, an enhanced readout protection mechanism
to prevent software piracy and an option byte to se-
lect options.

These devices are well suited for automotive, ap-
pliance and industrial applications.

‘ -THOMSON
/A nsm%g@gﬁcmmues

DEVICE SUMMARY

U- | OTP | 1O | Emulated
Device | popom | Rom | Pins | Device
ST62T10B -2k | 12 | sTe2io8
ST62T15B ok | 20 | sTez15B
ST62T20B 4k | 12 | sTeze0B
ST62T25B 4k | 20 | srezesB
ST62108
STe2E20B | 4K 12 | 3162108
ST62158
STeoE25B | 4K 20 | Sro2lsh
PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. De-
pending on the Option Byte, either a quartz crystal,
a ceramic resonator, an external clock signal or an
RC network can be connected in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. The OSCin pin is the input pin,
the OSCout pin is the output pin.

RESET. The active low RESET pin is used to re-
start the microcontroller to the beginning of its pro-
gram.

TEST/Vpp. The TEST must be held at Vss for nor-
mal operation. If TEST pin is connected to a
+12.5V level during the reset phase, the EPROM
programming Mode is entered. An internal pull-
down resistor selects normal operating mode if the
TEST/Vpp pin is left unconnected

NMI. The NMI pin provides the capability for asynchro-
nous interrupt applying an external not maskable inter-
rupt to the MCU. The NMlis falling edge sensitive. The
user can select the availability of an on-chip pull-up
at NMI pin through the Option Byte.

55/67
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

TIMER. This is the timer /O pin. In input mode it is con-
nected to the prescaler and acts as external timer clock
or as control gate for the internal timer clock. In the out-
put mode the timer pin outputs the data bit when a time-
out occurs. The user can select the availability of an
on-chip pull-up at TIMER pin through the Option Byte.

PAOQ-PA3,PA4-PA7. These 8 lines are organized as
one /O port (A). Each line may be configured under
software control as inputs with or without internal pull-up
resistors, interrupt generating inputs with pull-up resis-
tors, open-drain or push-pull outputs. PAO-PA3 can
also sink 20mA for direct led driving while PA4-PA7 can
be programmed as analog inputs for the A/D converter.
Note. PA4-PA7 are not available on ST62T10B,
ST62x20B.

PBO0-PB?7. These 8 lines are organized as one 1/O port
(B). Each line may be configured under software con-
trol as inputs with or without intemal pull-up resistors, in-

. terrupt  generating inputs with pull-up resistors,
open-drain or push-pull outputs and as analog inputs for
the A/D converter.

PC4-PC7. These 4 lines are organized as one /O port
(C). Eachline may be configured under software control
as inputs with or without internal pull-up resistors, inter-
rupt generating inputs with pull-up resistors, open-drain
or push-pull outputs and as analog inputs for the A/D
converter.

Note. PC4-PC7 are not available on ST62T10B,
ST62x20B.

THE USER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6210B, 15B, 20B, 25B
ROM DEVICE FOR FURTHER DETAILS.

EPROM/OTP DESCRIPTION

The ST62E20B, E25B are the EPROM versions of the
ST6220B/25B products. They are intended for use dur-
ing the development of an application and for pre-pro-
duction and small volume production. ST62T20B/T258
OTP (One Time Programmable) have the same char-
acteristics except that they cannot be erased. They all
include EPROM memory instead of the ROM memory
of the corresponding ST6220B/25B. User can program
these devices using the ST62E2xB EPROM program-
ming tools from SGS-THOMSON.

From a user point of view (with the following exceptions)
the ST62E20B, E25B and ST62T10B, T15B, T20B,
T25B products have exactly the same software and
hardware features as the ROM version. An additional
mode is used to configure the part for programming of
the EPROM, this is set by a +12.5V voltage applied to

56/67
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the TESTNPP pin. The programming of the
ST62E20B, E25B, T10B, T15B, T20B, T25B is de-
scribed in the User Manual of the EPROM Pro-
gramming Board.

Other than this exception, the OTP, EPROM and
ROM parts are fully compatible. This datasheet
thus provides only information specific to the
EPROM based devices.

ROM Option Emulation

The ROM mask options that can be selected by the
user in the ROM devices can be selected on the
EPROM/OTP devices by an Option Byte that can be
programmed with the ST62E2xB EPROM program-
ming tools available from SGS-THOMSON. This Op-
tion Byte is automatically read, and the selected options
enabled, when the power supply is switched on.

The Option Byte is written during programming either
by using the PC menu (PC driven Mode) or automat-
ically (stand-alone mode).

EPROM Programming Mode

An additional mode is used to configure the part for pro-
gramming of the EPROM. This is setbya 12.5V voltage
applied to the TEST/VPP pin. The programming of the
ST62E20B, E25B, and ST62T10B, T15B, T20B, T25B
is described in the User Manual of the EPROM Pro-
gramming Board.

EPROM ERASING

The EPROM of the windowed package of the
ST62E20B, E25B may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E20B, E25B is
such that erasure begins when the memory is exposed
to light with a wave lengths shorter than approximately
4000A. It should be noted that sunlights and some
types of fluorescent lamps have wavelengths in the
range 3000-4000A. It is thus recommended that the
window of the ST62E20B, E25B packages be covered
by an opaque label to prevent unintentional erasure
problems when testing the application in such an envi-
ronment.

The recommended erasure procedure of the
ST62E20B, E25B EPROM s the exposure to short
wave ultraviolet light which have a wave-length 2537A.
Theintegrated dose (i.e. U.V. intensity x exposure time)
for erasure should be a minimum of 15W-s/cm2. The
erasure time with this dosage is approximately 15 to
20 minutes _using an ultraviolet lamp with
12000;J.W/cm2 power rating. The ST62E20B, E25B
should be placed within 2.5cm (11Inch) of the lamp tubes
during erasure.

MICROELECTRONICS
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

OPTION BYTE

The Option Byte enables emulation of the mask
options of the ROM devices. It can only be ac-
cessed during the programming mode. This ac-
cess is made either automatically (copy from a
master device) or by selecting the “OPTION BYTE
PROGRAMMING” mode of the programmer. The
option byte is located in a non-user map. No ad-
dress has to be specified.

Figure 4. EPROM Code Option Byte

EPROM Code
Option Byte

D7|D6|D5(D4|D3|D2{D1|D0

I_ OSGEN OSG Enable

'WDACT: Watchdog Actvaton Selecton
TIM PULL: Timer Pultup Selection

NMI PULL: NMI Pullup Selection

DEV:Device Selecton
D5set(D5=1)

OSCIL: Osdllator Selection
PROTECT: Readout Protection

PROTECT. This bit allows the protection of the
software contents against piracy. When the bit
PROTECT is set high, readout of the EPROM/OTP
contents is prevented by hardware. No program-
ming equipment is able to gain access to the user
program. When this bit is low, the user program
can be read. This bit emulates the READOUT
PROTECTION mask option of ROM devices.

OSCIL. When this bit is high, the oscillator must be
controlled by a quartz crystal, a ceramic resonator
or an external frequency. When it is low, the oscil-
lator must be controlled by an RC network, with
only the resistor having to be externally provided.
This bit emulates the OSCILLATOR mask option of
ROM devices.

DEV. This bit must be set to one on the ST62T15B,
T25B and E25B devices. It must be cleared to 0 on
the ST62T10B, T20B and E20B. This bit is used to
tie I/O pins not connected in the 20 pin packaged
devices to Vpp in order to avoid unconnected
CMOS inputs.

K7, SRR

NMI PULL. This bit must be set high to configure
the NMI pin with a pull up resistor. When it is low,
no pull up is provided. This bit emulates the NMI
PIN PULL-UP mask option available in ROM de-
vices.

TIM PULL. This bit must be set high to configure
the TIMER pin with a pull up resistor. When it is
low, no pull up is provided. This bit emulates the
TIMER PIN PULL-UP mask option available in
ROM devices. .

WDACT. This bit controls the watchdog activation.
When it is high, hardware activation is selected.
The software activation is selected when WDACT
is low.This bit emulates the WATCHDOG ACTIVA-
TION mask option of ROM devices. '

OSGEN. This bit must be set high to enable the
Oscillator Safe Guard. When this bit is low, the
OSG is disabled. This bit emulates the OSG mask

option available in ROM devices. ’

Table 1. OTP Memory Map

ST62T10B, ST62T15B
(2K ROM Devices)

Device Address Description
0000h-087Fh Reserved (!
0880h-0F9Fh User ROM
OFAOh-OFEFh Reserved (!
OFFOh-0FF7h Interrupt Vectors
OFF8h-OFFBh Reserved
OFFCh-OFFDh NMI Interrupt Vector
OFFEh-OFFFh Reset Vector

Note 1. Reserved Areas should be filled with FFh

ST62T20B, T25B
(4K ROM Devices)

Device Address Description
0000h-007Fh Reserved
0080h-0F9Fh User ROM
OFAOh-OFEFh Reserved (?
OFFOh-OFF7h Interrupt Vectors
OFF8h-OFFBh Reserved
OFFCh-OFFDh NMI Interrupt Vector
OFFEh-OFFFh Reset Vector

Note 1. Reserved Areas should be filled with FFh
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

This product contains devices to protect the inputs
against damage due to high static voltages, how-
ever it is advised to take normal precaution to avoid
application of any voltage higher than maximum
rated voltages.

For proper operation it is recommended that (and
Vo must be higher than Vss and smaller Vpp. Reli-

Power Considerations. The average chip-junc-
tion temperature, Tj, in Celsius can be obtained
from :

Tj= Ta + PD x RthJA
Where :Ta= Ambient Temperature.

RthJA = Package thermal resistance °
(junction-to ambient).

ability is enhanced if unused inputs are connected PD= Pint+ Pport.
to an appropriated logic voltage level (\bp or Vss). Pint=  Ipp X Vop (chip internal power).
Pport= Port power dissipation
(determinated by the user).
Symbol Parameter Value Unit -
Voo Supply Voltage . -0.3t07.0 \Y
Vi Input Voltage Vss - 0.3 to Vpp + 0.3 v
Vo . Output Voltage Vss - 0.3 to Vpp + 0.3 v
Vpp EPROM Programming Voltage 13 \Y
lo Current Drain per Pin Excluding Vbp, Vss 10 mA
Ings Pin Injection current (positive), All /O, Vpp = 4.5V +5 mA
ling- Pin Injection current (negative), All /O, VDD = 4.5V -5 mA
Voo Total Current into Vpp (source) 50@ mA
IVss Total Current out of Vss (sink) 50 mA
Tj Junction Temperature 150 °C
Tsta Storage Temperature -60 to 150 °C
Notes :

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

may affect device reliability.

1. Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as

injection current s kept within the specification.

THERMAL CHARACTERISTIC

Value
Symbol Parameter Test Conditions Unit
; Min. Typ. Max.
PDIP28 . 55
RthJA Thermal Resistance PDIP20 60 CW
PS0O28 75
PS0O20 80
58/67 ""' SGS-THOMSON
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S$T62T10B,T15B,T20B,T25B - ST62E20B,E25B

RECOMMENDED OPERATING CONDITIONS

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Ta Operating Temperature 6 Suffix Version -40 85 C
fosc=2MHz .
fir= 2MHz 3.0 6.0 \Y
Vpp | Operating Supply Voltage fosc= 4MHz 35 6.0 v
fint= 4MHz :
fosc=8MHz
finT=8MHz 45 6.0 v
fnt Internal Frequency © Vpp = 3V;0SG disabled 0 2.0 MHz

Vpp = 4.5V;08G disabled 0 8.0 MHz

Pin Injection Current (positive)

TNy Digital Input (" Vpp =4.5t05.5V +5 mA

Analog Inputs(g)

Pin Injection Current (negative) )
lINg- Digital Input ) Vop =4.5t0 5.5V -5 mA
Analog Inputs

Notes :

1. Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive
currentinjected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins.

2. If atotal current of +1 mAis flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, all the
resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current
flowing into all the analog inputs is of 5SmA, all the resulting conversions are shifted by +2 LSB.

3. Aninternal frequency above 1MHz is recommended for reliable A/D results.

Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (Vbp)

Maximum FREQUENCY ( MHz)
8- o L .
© FUNCTIONALITY IS NOT-. /
7 . GUARANTEED 7
. INTHIS AREA /
6 , N
5 . o . — : .
y ; foso Min
4 — . / /
2 _ - i . . . :
1 ) i i i i i )
2.5 3 3.5 4 4.5 5 5.5 6
SUPPLY VOLTAGE ( V,, )
VRO01807C
The shaded area is outside the ST62T10B/T 15B operating range, device functionality is not guaranteed.
X 59/67
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

DC ELECTRICAL CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

) Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Input Low Level
Vi Voltage Vpp x0.3 \'%
TIMER,NMI,RESET pins
Input High Level
Vi Voltage Vpp x0.7 \"
TIMER,NMI,RESET pins
Hysteresis Voltage Vpp= 5V 1
Vi | All Inputs Vop=3V 05 v
Low Level Output
VoL Voltage loL=+5.0mA Vop x0.2 \
TIMER pin
High Level Output
VoH Voltage lon=-—5.0mA Vpp x 0.65 \")
TIMER pin
I Input Leakage Current”) | Vin=Vss
w | TIMER, NMIpins Vin= Voo 0-1 10 nA
Vin=Vpp; Watchdog Res. 1 mA
I"L :;‘E‘gé?a’i‘:ge Current |\ Voo; NoWatch. Res. 10 WA
H P Vin=Vss; External Res. -8 -16 -30 pA
Pull-up
Reu | TIMER, NMI pins S0 100 200 ke
Supply Current in VReser= Vss 35 mA
RESET Mode fosc= 8MHz !
. Vpp= 5.0V fint=8MHz 3.5
f{fjﬁlhyllgdu err (ezrt n Vop=5.0V  fint=fLrao TBD mA
Iop vop = 3.0V fint=2MHz TBD
. Vpp=5.0V  fiNt=8MHz 1.50
Supply Ci
v&J /’\)I?I');\/Iol(‘:lr;?;t n Vop=5.0V  fint=fLFa0 TBD mA
vop= 3.0V fintT=2MHz TBD
Al
Supply Current in ILoap= 0mA
STOP Mode Vop= 5.0V 10 HA
Notes :
1. Only when pull-ups are notinserted
2. All peripherals running
3. A/D Converter in Stand-by
4. Hysteresis voltage between switching levels
60/67 ‘7 SGS-THOMSON
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

AC ELECTRICAL CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. | Typ. | Max.
: Vpp = 3.0V; OSG disabled 2
fosc Oscillator Frequency Vpp = 4.0V; OSG disabled 6 MHz
Vop = 4.5V; OSG disabled 8
. Maximum internal frequency VDD =3.0V 2 MHz
0S¢ | with OSG enabled Vpp = 4.5V 4
Low Frequency Auxiliary
firno Oscillator frequency 200 | 400 | 800 | KHz
s Oscillator Start-up Time Ceramic Resonator 5 100
U at Power On Cur1=Cr2=22pF
8MHz Ceramic Resonator
0.2 100
tsus Oscillator STOP mode CL1=Cr2=22pF ms
Recovery Time 8MHz Quartz 0 100
CL1=Cr2=22pF
trec Supply Recovery Time M 100
Minimum Pulse Width (Vpp = 5V)
TwR RESET pin 100 ns
NMI pin 100
Retention | EPROM Data Retention Ta=55C 10 Year
CiN Input Capacitance All Inputs Pins 10 pF
Cout Output Capacitance All Outputs Pins 10 pF
Notes:
1. Period for which Voo has to be connected at 0V to allow internal Reset function at next power-up.
2. See Figure 5. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application.
Figure 5. Power On Reset
Voo |- — —
1
V, 1-2V
bp Typical [, . -
T '
|
|
I I
OSCILLATOR I !
| I ' t
| tsu :
i
! 2048 cycles !
1 1
|
|
INTERNAL
RESET
t
VA02958
61/67
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

RC Oscillator, fosc Frequency versus RNET (Typical Values)

F MHz T=25C

NN

o - -
<< BN
L1 O

+

V.

\}k. B AR NN
~ :{"'j_.\
=% \
0.1 ’%K \\-
10 100 1000 10000

R = Kohms
* 3 Volts -+ 4 Volts * 5 Volts = 6 Volts
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

VR01935

RC Oscillator, fosc Frequency versus RNET (Typical Values)

F MHz Vo5 = 5 Volis
10L
*\
1 \\;\
k2 S
=
0.1 AN

10 100 1000 10000
= 05.C =85 C R = Kohms

The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

VR01935A
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

ELECTRICAL CHARACTERISTICS (Continued)

CURRENT CONSUMPTION
IDD Current Versus Supply Voltage
Typical Values(Ta : +85°C)
RUN MODE WAIT MODE
IDD (mA) ' - 1DD (mA)
6 . . 2~ - - - - -
| | T T T |
32KHz(1)4 MHz 8 MHz i I | 32KHz(1) 4MHz 8iMHz |
- - . I | = = - I
5 I I : 1 : I
O I
157 T T ]
| | | | |
4 | | 1 | |
1 | ! L |
b ]
3 To be defined 1t To be defined bt
! i i i i i
2 I | | | | |
| | | | | | |
05 [H———tT——————t——————t——1
| | I | I | I
1 | | | | [ | |
| | | 1 | | |
| | | | ! | |
IS S T T S
0 ! 35 4 45 5 55 g 0 g 3.5 4 45 5 55 E
VDD (v) VDD (v)
VR01993C
Note1. Using the network described in the Application Note AN673
IDD Current Versus Supply Voltage
Typical Values(Ta : +85°C)
STOP MODE
1DD (pA)
5
4
3
ITo be defined
2
1
0
3 35 4.5 55 6
VDD (v)
VR01993D
[y7 SGS-THOMSON 63/67
Y/, rcrozECTRONIGS
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

1/0 PORT CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max. | °
Vi Input Low Level Voltage 1/0 Pins 0.3x Vbp
ViH Input High Level Voltage I/O Pins 0.7x Vpp
Vpp= 5.0V
loL= 10pA , All I/O Pins 0.1
VoL Low Level Output Voltage loL= 5mA , Standard I/O 0.8 v
lo.= 10mA } 0.8
loL.= 20mA PAOQ-PA3 1.3
lon=—10pA Vpp-0.1
Vou High Level Output Voltage lon=—5mA, Vpp= 5.0V 3.5 \'
loH=—1.5mA, Vpp= 3.0V 2.0
Vin= Vpp or Vss
Rl O ok o1 | 10| wa
H pull-up resisto Vop= 5.5V 0.1 1.0
Rpu Pull-up Resistor Vin=0V; All I/O Pins 50 100 200 Q
TIMER CHARACTERISTICS
(TA = -40 to +85°C unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
treS Resolution 12 s
. finT
STOP Mode 2 MHz
fin Input Frequency on TIMER Pin fint
' Run and Wait Modes a8 MHz
Vop =3.0V 1 us
tw Pulse Width at TIMER Pin Vpp = 4.5V 125 ns
Vpp =5.5V 125 ns
B4/67 (N7 SGS-THOMSON
Y/, wICROELECTRONIGS
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

A/D CONVERTER CHARACTERISTICS
(Ta= -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. | Typ. | Max.
Res  |Resolution ™ ) 8 Bit
o) fosc > 1.2MHz +1 +2
Atot Total Accuracy foso > 32kHz 4 LSB
tc® Conversion Time fosc = 8MHz 70 s
Van Conversion Range Vss Vop \
ZIR Zero Input Reading anversmn result when 00 Hex
Vin = Vss
FSR  |Full Scale Reading Conversion result when FF | Hex
Vin =Vpp
Analog Input Current During _
AD Conversion Vpp= 4.5V 1.0 HA
AC® Analog Input Capacitance 2 5 pF
ASI Analog Source Impedance 30 kQ
Notes:

1. Noise at VDD, VSS <10mV
2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased.
3. Excluding Pad Capacitance.

4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start.

65/67
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

PACKAGE MECHANICAL DATA

20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width

E1 Dim mm inches
| . ' | Min | Typ | Max | Min | Typ | Max
— T A 571 0225
) I LA} [ Al_| 050 1.78 [ 0020 0070
i ¢ 78 | 04 [
At L — B | 040 055 | 0016 0022
B1 B o1 E Bl | 127 152 | 0.050 0.060
i C 022 031 ]0.009 0012
I o D1 D 26.92 1059
: D1 | 051 127 [0.020 0050
E - - - - - -
E1 7.80 0.307
N L | 340 0134
el | 229 279 | 0.0%0 0.110
K= /A o [424 439 | 0467 0473
"‘1="=7/ T o1/ N/2 Number of Pins
VROC1725 N 2
28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Width
El Dim. mm inches
. /L /L . | 0 Min | Typ | Max | Min | Typ | Max
B dnnnnnnininaiL N A 571 0225
W YL T .C Al | 050 1.78 [ 0020 0,070
£ B | 040 055 | 0016 0022
B}l B jel Bl | 147 142 | 046 056
c 022 031 ]0.009 0012
o D o D 38.10 1500
DI | 152 249 | 060 098
N__ | g E|l -1-1-1-1-1-=
a1 T ] /% E1_[13.05 13.36] 514 526
X = 1 L | 300 118
-—i aff-—t— el | 229 279 [00%0] __[0410
i 4 o | 686 7.36 | 270 290
lﬁiﬁ/ J— Number of Pins
1 N/2 N 28

VROB1725

66/67 T
Kyz, 555 THOMSON
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ST62T10B,T15B,T20B,T25B - ST62E20B,E25B

ORDERING INFORMATION TABLE

Sales Type EI?;(P;:VI 110 Additional Features Ten';;;?'::;ure Package
ST62T10BB6 12 PDIP20
ST62T10BM6 oTP PS0O20

2K Bytes
ST62T15BB6 2 PDIP28
ST62T15BM6 -40 to +85°C PSO28
ST62T20BB6 A/D Converter PDIP20
12
ST62T20BM6 OoTP PSO20
4K Bytes
ST62T25BB6 2 PDIP28
ST62T25BM6 PSO28
ST62E20BF1 12 FDIP20
EPROM 0to +70°C
ST62E25BF1 4KBytes | 5 FOIP2
. Ly SGS-THOMSON 67/67
Y/, rcromzcmoncs
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[’— SGS-THOMSON

ST62T10-ST62T15

MICROELECTRONICS ST62T20,E20-ST62T25,E25

8-BIT OTP/EPROM HCMOS MCUs WITH A/D CONVERTER

» 3.0 to 6.0V Supply Operating Range

= 8 MHz Maximum Clock Frequency

u -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

r 5 different interrupt vectors

n Look-up table capability in EPROM

= User ROM: 1828 bytes (ST62T10, T15)
3876 bytes (ST62x20, x25)
= Data ROM: User selectable size
(in program ROM)
a Data RAM: 64 bytes

= PDIP20, PSO20 (ST62T10,T20) packages
= PDIP28, PSO28 (ST62T15,T25) packages
= FDIP20, CSO20 (ST62E20) packages
» FDIP28, CSO28 (ST62E25) packages

= 12/20 fully software programmable I/O as:
— Input with pull-up resistor
— Input without Pull-up resistor
— Input with interrupt generation
— Open-drain or push-pull outputs
— Analog Inputs

= 4 1/Olines can sink up to 20mA for direct LED or
TRIAC driving

= 8 bit counter with a 7-bit programmable prescaler
(Timer)

» Digital Watchdog

= 8 bit A/D Converter with up to 8 (ST62T10,
ST62x20) and up to 16 (ST62T15, ST62x25)
analog inputs

m On-chip clock oscillator

= Power-on Reset

= One external not maskable interrupt
» 9 powerful addressing modes

m The ST62E20, E25 are the EPROM versions,
the ST62T10, T15, T20, T25 are the OTP ver-
sions, fully compatible with ROM versions
ST6210, 15, 20, 25.

Device Summary page 3/15

September 1994

(Ordering Information at the end of the datasheet)

EPROM PACKAGES

Cso20wW

Cs028wW

115
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ST62T10-T15-T20-T25-E20-E25

Figure 1. ST62T10,ST62x20 Pin Configuration

VDD
TIMER
OSCin

OSCout

NMI

Vep! TEST

RESET
Ain / PB7
Ain / PB6
Ain / PB5

I T T I T e |
- O 0O N O O~ WD =

o

20
19
18
17
16
15
14
13
12
1

VSS
PAO
PA1
PA2
PA3
PBO / Ain
PB1/ Ain
PB2/ Ain
PB3/ Ain
PB4/ Ain

VROA1804

Figure 2. ST62T15,ST62x25 Pin Configuration

VDD
TIMER
0SCin

OSCout

NMI

Ain / PC7
Ain / PC6
Ain / PC5
Ain / PC4
Vp/ TEST

RESET
Ain / PB7
Ain / PB6
Ain / PB5

2
27
26
25
24
23
22
21
20
19
18
17
16
15

© N O oA WD =

s T s Y e T e B e T e Y e B Y T e B e B T e B
©

- a4 a4 o o
A O N = O

il
i
I
i
I
I
I
I
l
I
I
i
I
i

Ves
PAO
PA1
PA2
PA3
PA4 / Ain
PA5 / Ain
PA6 / Ain
PA7 / Ain
PBO / Ain
PB1/ Ain
PB2/ Ain
PB3/ Ain

PB4/ Ain
VR001804

Figure 3. ST62T10,T15,x20,x25 Block Diagram

PAO..PA3 (20mA Sink)

L Paa.PA7 / Ain'

8 BIT
B

TEST []
K[T> PBO.PB7 / Ain

NMI

INTERRUPT

DATA ROM
USER (::>
USER PROGRAM SELECTABLE
ROM
DATA RAM

1828 Bytes (1) (::>

3878 Bytes (2) 64 Bytes - TIMER 1

[ K—>| biaimaL watcroos
STACK LEVEL 1

STACK LEVEL2

STACK LEVELS

stackieveLs | | 8 BIT CORE —

STACK LEVELS
STACK LEVEL 6

POWER
SUPPLY

Voo Vs

OSCILLATOR

I RESET

[) PC4.PC7/Ain*

f TIMER

(1) ST6210/ 15
* (2) ST6220/ 25

—
OSCIN OSCOUT  RESET

* NOT AVAILABLE ON ST6210 /20

VR001805

2/15
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ST62T10-T15-T20-T25-E20-E25

GENERAL DESCRIPTION

The ST62T10, T15, T20, T25, E20 and E25 micro-
controllers are members of the 8-bit HCMOS
ST62xx family, a series of devices oriented to low-
medium complexity applications. They are
OTP/EPROM versions of the ST6210B, ST6215B,
ST6220B and ST6225B devices respectively.

All ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6220, E25 and OTP
ST62T10, T15, T20, T25 are: the Timer peripheral
that includes an 8-bit counter with a 7-bit software
programmable prescaler, the digital watchdog
(DWD), an 8-bit A/D Converter with up to 8
(ST6210, 20) or 16 (ST6215, 25) analog inputs.

Thanks to these peripherals, these devices are
- well suited for automotive, appliance and industrial
applications. '

ST62E20, E25 are user programmable and eras-
able devices. They are best suited for develop-
ment.

ST62T10,T15,T20,T25 are One Time Programma-
ble devices (OTP). These offer the best cost/flexi-
bility trade-off for prototyping and preseries as well
as most low to medium volume applications.

The EPROM ST62E20, E25 and OTP ST62T10,
T15, T20, T25 are downward compatible with the
ROM ST621XB/2XB. They include the same func-
tionalities and blocks as these ROM devices with
the following exceptions: no RC network, no Oscil-
lator Safe Guard (OSG), no external STOP Mode
Control, no readout protection and no option byte.

DEVICE SUMMARY
Device Uv- OTP /O | Emulated

EPROM | ROM Pins Device

ST62T10 %K 12 | sTez10
ST62T15 2k 20 ST6215
ST62T20 4k 12 ST6220
ST62T25 a4k 20 ST6225
ST6210

ST62E20 .4k 12 oTe220
ST6215

ST62E25 4k 20 pbbionied

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCIN and OSCOUT. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal, a ceramic resonator or an external
clock signal can be connected between these two
pins in order to allow the correct operation of the
MCU with various stability/cost trade-offs. The OS-
CIN pin is the input pin, the OSCOUT pin is the out-
put pin. :

RESET. The active low RESET pin is used to re-

start the microcontroller to the beginning of its pro-
gram.

TEST/Vpp. The TEST must be held at Vss for nor-
mal operation. If TEST pin is connected to a
+12.5V level during the reset phase, the EPROM
programming Mode is entered.

NMI. The NMI pin provides the capability for asyn-
chronous applying an external not maskable inter-
rupt to the MCU. The NMl is falling edge sensitive.
NMI pin is not internally connected to an on-chip
pull-up resistor which is available as a mask option
for ROM devices. The pull-up resistor has to be
provided externally.

TIMER. This is the timer I/O pin. In input mode it is
connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the timer pin outputs the
data bit when a time-out occurs. TIMER pin is not
internally connected to an on-chip pull-up resistor
which is available as a mask option for ROM de-
vices. The pull-up resistor has to be provided exter-
nally.

PAO-PA3,PA4-PA7(*). These 8 lines are organ-
ized as one I/O port (A). Each line may be config-
ured under software control as inputs with or
without internal pull-up resistors, interrupt generat-
ing inputs with pull-up resistors, open-drain or
push-pull outputs. PA0-PA3 can also sink 20mA
for direct led driving while PA4-PA7 can be pro-
grammed as analog inputs for the A/D converter.
(*) PA4-PA7 are not available on ST62T10,
ST62x20. :

PB0-PB7. These 8 lines are organized as one /O
port (B). Each line may be configured under soft-
ware control as inputs with or without internal pull-
up resistors, interrupt generating inputs with
pull-up resistors, open-drain or push-pull outputs
and as analog inputs for the A/D converter.

PC4-PC7(*). These 4 lines are organized as one
1/0 port (C). Each line may be configured under
software control as inputs with or without internal
pull-up resistors, interrupt generating inputs with
pull-up resistors, open-drain or push-pull outputs
and as analog inputs for the A/D converter.

(*) PC4-PC7 are not available on ST62T10,
ST62x20.

L3z, S55-THOMSON 8/s
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ST62T10-T15-T20-T25-E20-E25

ST62T10, T15, T20, T25, E20 and E25,
OTP/EPROM DESCRIPTION

The ST62E20 EPROM device emulates the
ST6210B and ST6220B ROM devices. The
ST62E25 EPROM device emulates the ST6215B
and ST6225B ROM devices.

Care must be taken when emulating the 2K ROM
devices to start the program at the correct address
(see Memory Map for 2K Devices)

EPROM parts are programmed using any pro-
gramming equipment supporting it and validated
by SGS-THOMSON. Once erased, the device can
be reprogrammed.

The ST62T10, T15, T20, T25 OTP devices are the
counterparts of the ST6210B,15B,20B,25B ROM
devices. OTP (One Time Programmable) parts are
low cost devices which have to be programmed
like EPROM devices. Unlike EPROM devices,
OTPs cannot be erased once programmed.

From a user point of view, once programmed, these
OTP and EPROM products have the same software
and hardware features as the ROM ST621XB/2XB
versions, except :

- No internal pull-up resistor available on pin NMI

- No internal pull-up resistor available on pin TIMER
- No RC network

- No Oscillator Safe Guard (OSG)

- No External STOP Mode Control

- No Readout protection

Other than these exceptions, ST62T10, T15, T20,
T25 and ST62E20, E25 are fully compatible with
the ST6210B, 15B, 20B, 25B equivalents, this
datasheet thus provides only information specific
to the EPROM based devices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6210, 15, 20, 25 ROM
DEVICE FOR FURTHER DETAILS.

Table 1. OTP Memory Map
ST62T10, ST62T15 (2K ROM Devices)

EPROM Programming Mode

An additional mode is used to configure the part for
programming of the EPROM, this is set by a 12.5V
voltage applied to the TEST/Vpp pin. The program-
ming of the OTP and EPROM parts is described in
the User Manual of the EPROM Programming
board.

EPROM ERASING

The EPROM of the windowed package of the
ST62E20, E25 may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E20, E25 is
such that erasure begins when the memory is ex-
posed to light with a wave lengths shorter than ap-
proximately 4000A. It should be noted that
sunlights and some types of fluorescent lamps
have wavelengths in the range 3000-4000A. It is
thus recommended that the window of the
ST62E20, E25 packages be covered by an
opaque label to prevent unintentional erasure
problems when testing the application in such an
environment.

The recommended erasure procedure of the
ST62E20, E25 EPROM is the exposure to short
wave ultraviolet light which have a wave-length
2537A. The integrated dose (i.e. U.V. intensity x
exposure time) for erasure should be a minimum of
15W-sec/cm2. The erasure time with this dosage
is approximately 15 to 20 minutes using an ultra-
violet lamp with 12000pW/cm2 power rating. The
ST62E20, E25 should be placed within 2.5cm
(1Inch) of the lamp tubes during erasure.

ST62T20, ST62T25 (4K ROM Devices)

Device Address Description Device Address Description
0000h-087Fh Reserved ") 0000h-007Fh Reserved ("
0880h-0F9Fh User ROM 0080h-0F9Fh User ROM
OFAOh-OFEFh Reserved () OFAOh-OFEFh Reserved (!
OFFOh-OFF7h Interrupt Vectors OFFOh-OFF7h Interrupt Vectors
OFF8h-OFFBh Reserved () OFF8h-OFFBh Reserved ()
OFFCh-OFFDh NMI Interrupt Vector OFFCh-OFFDh NMI Interrupt Vector
OFFEh-OFFFh Reset Vector OFFEh-OFFFh Reset Vector

Notes :

1. Reserved Areas should be filled with FFh

4/15
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ST62T10-T15-T20-T25-E20-E25

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

This product contains devices to protect the inputs
against damage due to high static voltages, how-
ever itis advised to take normal precaution to avoid
application of any voltage higher than maximum
rated voltages.

For proper operation it is recommended that Viand
Vo must be higher than Vss and smaller Vpp. Reli-
ability is enhanced if unused inputs are connected
to an appropriated logic voltage level (Vpp or Vss).

Power Considerations. The average chip-junc-
tion temperature, Tj, in Celsius can be obtained
from :

Tj= Ta+ PD x RthJA
Where:Ta = Ambient Temperature.

RthJA = Package thermal resistance
(junction-to ambient).

PD = Pint + Pport.
Pint= Ipp x Vpp (chip internal power).
Pport= Port power dissipation

(determinated by the user).

Symbol Parameter Value Unit
Vop Supply Voltage -0.3t07.0 \
Vi Input Voltage Vss-0.3to Vpp + 0.3 A
Vo Output Voltage Vss-0.3to Vpp + 0.3 v
Vep OTP/EPROM Programming Voltage 13- \
lo Current Drain per Pin Excluding Vop & Vss +10 mA
IVpp Total Currentinto Vpp (source) 50 mA
IVss Total Current out of Vss (sink) 50 mA
Tj Junction Temperature 150 °C
Tsta Storage Temperature -60 to 150 °C

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

device reliability.

. ] 5/15
Lz, St THomSon
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ST62T10-T15-T20-T25-E20-E25

RECOMMENDED OPERATING CONDITIONS

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
" 1 Suffix Version 0 70 o
Ta Operating Temperature 6 Suffix Version .40 85 C
Voo Operating Supply Voltage 3.0 6.0 Vv
Vpp Programming Voltage 12 12.5 13
4.5 <Vpp < 6.0V 0.01 8.0
Fosc Oscillator Frequency Vpp=3.5V 0.01 4.0 MHz
Vpp = 3.0V 0.01 2.0
%';: Analog Supply Voltage Vss <AVss<AVop<Vpp |  Vss Voo v
Pin Injection Current (positive) _
N+ Digital Input Voo =4.5105.5V +5 mA
Analog Inputs @
Pin Injection Current (negative) _ N
Ins |Digital Input Voo = 4510 5.5V 5 mA
Analog Inputs ©
Notes :

1.An oscillator frequency above 1MHz is recommended for reliable A/D results.

2.A current of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins.

3.l atotal current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inpﬁts is of 1mA, all the

resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the single analog channel or if the total current

flowing into all the analog inputs is of 5SmA, all the resulting conversions are shifted by +2 LSB.

6/15
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ST62T10-T15-T20-T25-E20-E25

DC ELECTRICAL CHARACTERISTICS

(Ta = -25 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
ViL Input Low Level Voltage RESET Pin
Vpp=5V 1.6 v
Vpp=3V 1
ViH Input High Level Voltage RESET Pin
Vop=5V 3.4 \)
Vpp=3V 2
I Input Leakage Current RESET Pin
IH Vin=Vpp ! 10 pA
Vin=VDD 1 mA
Vin=Vss -8 -16 -30 A
ViL Input Low Level Voltage NMI,TIMER
Vpp=5V 0.3xVpp \Y
Vpp=3V
ViH Input High Level Voltage NMI,TIMER
Vpp=5V 0.7xVpp \"
Vpp=3V
VoL TIMER, I0L=5.0mA Vv
Low Level Output Voltage Vop=5V 0.2xVpp
Vox . TIMER, loL=-5.0mA
High Level Output Voltage Voo=5V 0.65Vpp \
T Input Leakage Current TIMER
IH ViN=Vpp or Vss
ViN=5.0V 0.1 1.0 HA
Vin=3.9V 0.1 1.0
. VRESET=Vss
Supply Current in RESET Mode foso=8MHz 35 mA
. fosc=8MHz
Supply Current in RUN Mode ILoap=0mA 35 mA
Vpp=5.0V
Iop
fosc=8MHz 9
Supply Current in WAIT Mode ILoap=0mA 1.5 mA
Vpp=5.0V
Supply Currentin STOP Mode® | 1Loro=0mA 10 A
Vpp=5.0V W
Notes :
1. No Watchdog Reset Actived.
2. Reset generated by Watchdog.
3. When the Watchdog function is activated the STOP instruction is deactivated. WAIT instruction is automatically executed.
4. Timer and A/D in OFF state.
715

‘ -THOMSON
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ST62T10-T15-T20-T25-E20-E25

AC ELECTRICAL CHARACTERISTICS
(Ta= — 40 to + 85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Vpp=3.0V 0.01 2
fosc Oscillator Frequency Vpp = 4.5V 0.01 8 MHz
Vpp =5.5V 0.01 8
Vpp= 3.0V no
tiH Interrupt Pin Maximum Pulse Widht Vop =4.5V limit us
Vpp =5.5V
tsu Oscillator Start-up Time 5 10 ms
tsr Supply Rise Time 0.01 100 ms
trec Supply Recovery Time 100 . ms
Twnmi | Minimum Pulse Width NMi Pin 100 ns
Vpp=5V
Twres Minimum Pulse Width RESET Pin 100 ns
Cin Input Capacitance All Inputs Pins 10 pF
Cour Output Capacitance All outputs Pins 10 pF
815 LNy SGS-THOMSON
Y/. ricRoELECTAONICS
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ST62T10-T15-T20-T25-E20-E25

1/0 PORTS CHARACTERISTICS
(Ta=— 40 to + 85°C unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
. 0.3x
ViL Input Low Level Voltage 1/0 Pins Voo \Y
Vi | Input High Level Voltage 1/0 Pins 0.7x Voo v
Vpp= 5.0V
loL= 10pA, All /O Pins 0.1
VoL Low Level Output Voltage loL=5mA , Standard I/O 0.8 v
lor= 10mA , PAO-PA3 0.8
loL=20mA , PAO-PA3 1.3
lon=~—10pA Vpp-0.1
Vou High Level Output Voltage lon=—5mA, Vpp= 5.0V 35 Vv
lon=—1.5mA, Vpp= 3.0V 2.0
1 Vin= Vpp or Vss
I"‘ Input Leakage Current Vpp= 3.0V 0.1 1.0 HA
H Vpp= 5.5V 0.1 1.0
‘Reu | Pull-up Resistor Vin= 0V 50 100 | 200 | Ko
TIMER CHARACTERISTICS
(Ta=— 40 to + 85°C unless othen/vlse specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
! 12’
trRes Resolution _— second
fosc
.| Voo=3.0V fosc
i Input Frequency on TIMER Pin Voo = 4.5V 4 MHz
Vpp = 3.0V 1 us
tw Pulse Width at TIMER Pin Vpp = 4.5V 125 ns
Vpp = 5.5V 125 ns
L3y SGS-THOMSON o1s
Y/. sicrocLECTRONICS
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ST62T10-T1 5-T20-T25-E20-E25

A/D CONVERTER CHARACTERISTICS
(Ta= — 40 to + 85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. | Max.
Res Resolution 8 Bit
1. +
Atot Total Accuracy :g:ﬁ : 322kh|f||:z ﬁ LSB
tcM Conversion Time fosc = 8MHz 70 s
Van Conversion Range AVss AVop \
. Conversion result when
' ZIR Zero Input Reading Vin=AVss 00 Hex
. Conversion result when
FSR Full Scale Reading Vin = AVpp FF Hex
AVss® Analog Reference Vss Vop %
AVpp
Analog Input Current During _
AD) Conversion Vpp= 4.5V 1.0 pA
ACn® | Analog Input Capacitance 2 pF
ASI Analog Source Impedance 30 KQ
Ssl Analog Reference Supply Impedence 2 KQ
Notes:

1. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. It is recommended not to use the A/D with

fOSC < 1Mhz.

2.In ST6210, ST6215, ST6220 and ST6225 AVSS and AVDD are internally connected to digital VSS and VDD.

3. Excluding Pad Capacitance.

10115
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ST62T10-T15-T20-T25-E20-E25

PACKAGE MECHANICAL DATA

20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width

E1 Dim. mm inches
., ) | Min | Typ | Max [ Min | Typ | Max
A T'T A 571 0225
i ' i { irim N A | 050 178 [0020] __[0070
At L — B | 040 055 [0016 0022
B B e1 E Bl | 127 152 | 0050 0060
' C |02 031 {0009 0012
I 0 D1 D 26.92 1059
D1 | 051 127 0020 0050
E - - - - - -
El 780 0307
N L | 340 0134
i (A el | 229 279 [0.0%0 0.110
. 2 | 424 4.39 10.167 0.173
Number of Pins
1 N/2
/ VROC1725 N 20
28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Widht
E1
Dim. mm inches
Iy | Iy | Min | Typ | Max | Min | Typ | Max
' dnnsinnnniniaiL - A 571 0225
AT T ' .C Al | 050 178 [0.020 0070
£ B_| 040 055 [0.016 0022
Bl B fel Bi | 1.7 142 | 046 056
b1 D1 C |02 031 0009 0012
— D D 38.10 1500
D1 | 152 249 | .060 .098
N /L | o E - - — — ~ -l
i T i /& E1_|13.05 13.36 | 514 526
K1/, - H L | 300 118
-—tf A -—— el | 229 279 | 00%0 0.110
I SRy 0 | 686 736 | 270 290
/ ! / [ Number of Pins
1 ! TTN/2 VROB1725 N 8
Ly7 SGS-THOMSON 1115
’l@ MICROELECTRONICS
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ST62T10-T15-T20-T25-E20-E25

PACKAGE MECHANICAL DATA (Continued)

20-Pin Dual in Line Plastic, 300-Mil Width

E1 Dim. mm inches
Min | Typ | Max | Min | Typ | Max
| , A 3.3 0.155
~ A1 10254 0.010
K2 7 LA c B 045 0.017
AT L Bl | 1.39 1.65 10.055 0.065
C 0.25 0.009
B1 Je? D 254 1.000
D1 1.34 0.053
_11Di D1 E 85 0334
E1 71 0.279
K| - -1-T-1T-1T-
K| - [ -1 -1-1-1-=
N , L 3.30 0.129
el 2.54 0.10
_m_, —_———e— 1 Number of Pins
/ / N ] 20
7/
1 N/2
VROA1725
28-Pin Dual in Line Plastic, 600-Mil Width
E Dim. mm inches
Min | Typ | Max | Min | Typ | Max
-+ A |22 48 0,086 0.189
A | At | 051 .77_{0.010 0.069
IR ' B [038 58 [0.015 0023
Bl |097 4 1.52_|0.055 0.065
C |02 0.3 10.008 0.009
D |35.06 36.22 | 1.400 1425
D1 - - - - - -
E 163 0.641
El 129 0.508
1 - - - - - -
K2 - - - - - -
L |318 4441125 0174
I el 2 0.10
Number of Pins
N ] 28

VR001725

1216

Lvy SGS-THOMSON
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ST62T10-T15-T20-T25-E20-E25

‘PACKAGES MECHANICAL DATA (Continued)

20-Lead Small Outline Plastic, 300-Mil Width

L h Dim mm inches
1 h Min [ Typ | Max | Min | Typ [ Max
 — 1t \ 'A — A [205 255 0.081 0.10
! T c Al | 04 03 (0004 0118
ALy JTm & = B | 035 049 o138 o192
B L—- £2 £2 C | o023 0.32 0091 0125
2 D D1 £1 D | 128 130 | 4961 5118
£ o | - - -1T-T-1T-
N E [100 1065 0.394 0419
E1 | 740 7.60 | 2014 2902
nn/nnao/
1 IIQ E2 - - - - - —
// // L | o040 127 [ 0016 0.050
| ] e 127 0.05
I I i e
I K Number of Pins
T TOoU0j030 N 2
1 N/2 VR001726
28-Lead Small Outline Plastic, 300-Mil Width
L h Dim. mm inches
T ‘ h . Min [ Typ [ Max | Min | Typ [ Max
/ i | — A — A |205 2.55 | 0.081 0.10
i c At | o4 03 |0.004 0118
H ! ‘[ o | 1Al % + B | 035 049 | 0138 0192
o1 B o1 E2 £2 C |0z 032 [ 0091 0125
— D E1 D [177 18.1 | 6969 7125
E | -1 -[-1-1-1-
N E | 100 10.65[0.3%4 0419
nn/ onoanl/ Ei | 740 760 |.2014 2092
" IIQ E2 - - - — - —
// // L [040 127 [0016 0.050
Iy b o 1.7 0.05
I j CH N I N N N
— 1 Number of Pins
0 ]/ gooyuod N[ 8
1 N/2 VR001726
LNy SGS-THOMSON 18715
”e MICROELECTRONICS
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ST62T10-T15-T20-T25-E20-E25

PACKAGES MECHANICAL DATA (Continued)

20-Lead Small Outline Ceramic, 300-Mil Width

Dim. mm Inches
L Min | Typ | Max | Min | Typ | Max
HLI::LJE‘[ r A
1" 1" A C Al
A /m_' % B
8 S E2 c
Lo b D1 £1 D
Dl | - | - -]-1-1]-
K E E
N I1 / E1
n/lonin njojo I
1 T 1 L
_E//E__/@{g__// s e 127 005
al -1 =-1=-1-1-<1-
'/‘ / /, / Number of Pins
e N ] 20
O 0o 1]
—Z/—U /’U N/2 VROA1732
28-Lead Small Outline Ceramic, 300-Mil Width
Dim mm inches
L Min | Typ [ Max [ Min [ Typ [ Max
it 4 ﬂL A
" " A C Al
—— L
7 B lel fa1 % g -
D1 D1 E2 £2
-1 D E1 D
D1 - - - - - -
y K E E
E1
n'/lﬁnn!nnn'/l/n_ ZE I N e N
L
L el | e
,/,/ /,/ | Number of Pins
[T U U0 050 N 2
-}11 N/2 VROA1732
14/156 -
K3y, 32 THAMEN
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ST62T10-T15-T20-T25-E20-E25

ORDERING INFORMATION TABLE

Sales Type EI?I;:-OP:VI /0 Additional Features Ten';;:;rga;ure Package
ST62T10B6/HWD Hardware WatchDog PDIP20
ST62T10B6/SWD Software WatchDog

12 -40 to +85°C
ST62T10M6/HWD Hardware WatchDog
ST62T10M6/SWD oTP Software WatchDog PSO20
2K Bytes
ST62T15B6/HWD Hardware WatchDog PDIP28
ST62T15B6/SWD Software WatchDog
20 -40 to +85°C
ST62T15M6/HWD Hardware WatchDog
ST62T15M6/SWD Software WatchDog PSO28
ST62T20B6/HWD Hardware WatchDog PDIP20
ST62T20B6/SWD Software WatchDog
12 -40 to +85°C
ST62T20M6/HWD Hardware WatchDog :
ST62T20M6/SWD oTP Software WatchDog PS0O20
4K Bytes
ST62T25B6/HWD Hardware WatchDog PDIP28
ST62T25B6/SWD Software WatchDog
20 -40 to +85°C
ST62T25M6/HWD Hardware WatchDog
ST62T25M6/SWD Software WatchDog PSO28
ST62E20F1/HWD Hardware WatchDog FDIP20
ST62E20F1/SWD Software WatchDog
12 0to +70°C
ST62E20S1/HWD Hardware WatchDog
ST62E20S1/SWD EPROM Software WatchDog €S020
4K Bytes
ST62E25F1/HWD Hardware WatchDog FDIP28
ST62E25F1/SWD Software WatchDog
20 0to +70°C
ST62E25S1/HWD Hardware WatchDog
ST62E2551/SWD Software WatchDog Cso28
r SGS-THOMSON 15/15
Y/, ticRoELECTRONICS
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r SGS-THOMSON ST6260B
Y/, iiicRoELECTRONICS ST6265B

8-BIT HCMOS MCUs WITH
A/D CONVERTER, EEPROM & AUTO-RELOAD TIMER

PRELIMINARY DATA

= 3.0 to 6.0V Supply Operating Range

= 8 MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

n 5 different interrupt vectors

= | ook-up table capability in ROM

= User ROM: 3884 bytes

= Data ROM: User selectable size
(in program ROM)

» Data RAM: 128 bytes

= EEPROM: 128 bytes

m PDIP20, PSO20 (ST6260B) packages
PDIP28, PSO28 (ST6265B) packages
13/21 fully software programmable 1/O as:
— Input with pull-up resistor

— Input without pull-up resistor

— Input with interrupt generation

— Open-drain or push-pull outputs

— Analog Inputs

= 6/8 1/0 lines can sink up to 20mA for direct LED
or TRIAC driving

= 8 bit counter with a 7-bit programmable prescaler
(TIMER 1)

= 8 bit Auto-reload Timer with 7-bit programmable
prescaler (AR TIMER)

= Digital Watchdog

= 8 bit A/D Converter with up to 7 (ST6260B) and
up to 13 (ST6265B) analog inputs

= 8 bit Synchronous Peripheral Interface (SPI)

On-chip clock oscillator driven by Quartz Crystal,
Ceramic resonator or RC network

User configurable Power-on Reset

One external not maskable interrupt

9 powerful addressing modes

The development tool of the ST626xB microcon-
trollers consists of the ST626xB-EMU emulation
and development system connected via a stand-

ard RS232 serial line to an MS-DOS Personal
Computer

(Ordering Information at the end of the datasheet)

July 1994 1/86°
This is Preliminary Data from SGS-THOMSON. Details are subject to change without notice.
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ST6260B/65B

Figure 1. ST6260B Pin Configuration

Figure 2. ST6265B Pin Configuration

ARTIMout / PB7 ]

PBo 01 \__J20

PBI 02 19

TESTM [ 3 18

PB2 [ 4 17

PB3 [ 5 16
ARTIMin/PB6 [ 6 15
7 14

Ain/PAO [] 8 13
Voo ] g 12

Vss ] 10 11

il
il
il
il
0
0
i
]

PC2/Sin/ Ain
PC3/ Sout/ Ain
PC4/SCK/ Ain
NMI

RESET
OSCout

OSCin

PA3/ Ain

PA2/ Ain

PA1/ Ain

VR001821

PBO [ 1 U2e] PCO/ Ain
PB1[]2 27 0 PC1/TIM1/Ain
TEST () 53 26 ] PC2/Sin/Ain
PB2 [ 4 25 PC3/Sout/Ain
PB3 [5 24 [] PC4/SCK/ Ain
PB4 [ 6 230 NMI
PB5 [ 7 221 RESET
ARTIMin/PB6 [] 8 210 OSCout
ARTIMout/PB7 ] 9 20 ] OSCin
Ain/PAO ] 10 191 PA7/Ain
Voo ] 11 18 [1 PAG/Ain
Vss 12 . 170 PAS/Ain
Ain/PA1 [] 13 16 [| PA4/ Ain
An/PA2 14 15[ PA3/Ain
VR001822

Note 1: This pin is also the Vep input for EPROM based devices

Figure 3. ST6260B/65B Block Diagram

INTERRUPT
DATA ROM
USER
SELECTABLE
USER PROGRAM
DATA RAM C::
3884 Bytes 128 Bytes
TIMER 1
DATA EEPROM
20 Byos | )
ﬁ /\\‘::) AUTORELOAD
TIMER
|
STACK LEVEL 1 SERIAL PERIPHERAL
STACK LEVEL 2 —V| INTERFACE (SPI)
STACK LEVEL3 C:-\V
STACKLEVEL 4 8 BIT CORE K" DIGITAL WATCHDOG
STACK LEVEL5
STACK LEVEL 6
8 BIT
OSCILLATOR .
POWER + RESET _\‘/1:> A/D CONVERTER
SUPPLY DIVIDER l
4

Voo Ves

0SCin OSCout  RESET

PAO..PA3 / Ain
PA4.PA7 / Ain *

PBO0..PB3 / 20mA SINK
PB4..PB5 / 20mA SINK *
PB6 / ARTIMin / 20ma SINK
PB7 / ARTIMout / 20ma SINK

PCO / Ain *
PC1/TIM1 / Ain *
PC2 / Sin / Ain
PC3 / Sout /. Ain
PC4 / SCK/ Ain

Ain = Analog Input

* NOT AVAILABLE ON ST6260B

VR001823

'2/86
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ST6260B/65B

GENERAL DESCRIPTION

The ST6260B and ST6265B microcontrollers are
members of the 8-bit HCMOS ST62xx family, a
series of devices oriented to low-medium complexity.
applications. All ST62xx members are based on a
building block approach: a common core is sur-
rounded by a combination of on-chip peripherals
(macrocells). The macrocells of the ST6260B and
ST6265B are: the Timer peripheral that includes an
8-bit counter with a 7-bit software programmable
prescaler ( Timer 1), the 8-bit with 7 bit programma-
ble prescaler (AR Timer), the 8-bit A/D Converter with
up to 7 (ST6260B) and up to 13 (ST6265B) analog
inputs (A/D inputs are alternate functions of I/0 pins),
the Digital Watchdog (DWD) and an 8-bit Serial
synchronous Peripheral Interface (SPI). In addition,
these devices offer 128 bytes of EEPROM for non
volatile data storage.

The ST626xB are upward compatible with their
ST626x counterparts. They feature in addition to
RC network, user configurable Power on Reset
delay and an External STOP Mode Control option
to enlarge the range of power consumption/safety
trade-offs.

ST6260B and ST6265B are well suited for automo- I

tive, appliance and industrial applications. The
ST62E60 and ST62E65B EPROM versions are
available for prototypes and low-volume produc-
tion; also OTP versions are available.

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. When
the QUARTZ/CERAMIC RESONATOR mask op-
tion is selected, a quartz crystal, a ceramic resona-
tor or an external clock signal can be connected
between these two pins. When the RC OSCILLA-
TOR mask option is selected, a resistor must be
connected between the pin OSCout and the
ground.The oscillator frequency is internally di-
vided by 1, 2 or 4 by a software controlled divider.
The OSCin pin is the input pin, the OSCout pin is
the output pin.

RESET. The active low RESET pin is used to
restart the microcontroller to the beginning of its
program.

TEST. The TEST must be held at Vss for normal
operation (an intemnal pull-down resistor selects nor-
mal operating mode if TEST pin is not connected).

NMI. The NMI pin provides the capability for asyn-
chronous interrupt applying an external not mask-

able interrupt to the MCU. The NMI is falling edge
sensitive. It is provided with an on-chip pull-up
resistor and Schmitt trigger characteristics.

When the option EXTERNAL STOP MODE CON-
TROL is enabled the NMI pin, in addition, enables the
control of how the STOP instruction is processed.

PC1/TIM1/Ain. This pin can be used as a Port C
1/0 bit, as 1 1/0 pin or as analog input for the on-chip
A/D converter. This pin is available only on the
ST6265B (28 pin version). If programmed to be the
TIMERT1 pin, in input mode it is connected to the
prescaler and acts as external timer clock or as
control gate for the internal timer clock. In the
output mode the timer pin outputs the data bit when
a time out occurs.

To use this pin as TIMER 1 output a dedicated bit
inthe TIMER1 Status/Control Register must be set.
To use this pin as input pin the 1/O pin has to be
programmed as input. The analog mode should be
programmed to use the line as an analog input.

PB6/ARTIMin, PB7/ARTIMout. These pins are
either Port B 1/0O bits or the Input and Output pins
of the . To be used as timer input function PB6 has
to be programmed as input with or without pull-up. A
dedicated bit in the AR TIMER Mode Control Register
sets PB7 as timer output function.

PAQ-PA7. These 8 lines are organized as one I/O
port (A). PA4-PA7 are not available on ST6260B
(20 pin version). Each line may be configured under
software control as input with or without internal
pull-up resistor, interrupt generating input with pull-up
resistor, analog input, open-drain or push-pull output.

PB0-PB3, PB4, PB5. These 6 lines are organized
as one |/O port (B). PB4, PB5 are available only on
the ST6265B (28 pin version). When the External
STOP Mode Control is disabled, each line may be
configured under software control as input with or
without internal pull-up resistor, interrupt generat-
ing input with pull-up resistor, open-drain or push-
puli output. In output mode these lines can also sink
20mA for direct LED and TRIAC driving. When the
External STOP Mode Control is enabled, PBO is
forced as open drain output. The other lines are
unchanged.

PCO0-PC4. These 5 lines are organized as one I/O
port (C). PCO and PC1 are not available on
ST6260B (20 pin version). Each line may be con-
figured under software control as input with or
without internal pull-up resistor, interrupt generat-
ing input with pull-up resistor, analog input for the
A/D converter, open-drain or push-pull output.
PC2-PC4 can also be used as respectively Data in,
Data out and Clock I/O pins for the on-chip SPI to
carry the synchronous serial I/O signals.

Lyy SGS-THOMSON 3/86
’Io MICROELECTRONICS
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ST6260B/65B

ST62xx CORE

The core of the ST62xx Family is implemented
independently from the I/O or memory configura-

Figure 4. ST62xx Core Programming Model

tion. Consequently, it can be treated as an inde-
pendent central processor'communicating with 1/0
and memory via internal addresses, data, and con- INDEX |b7 X REG. POINTER b0 '7 SHORT
trol busses. The in-core communication is arranged REGISTER b7 Y REG. POINTER b0| DIRECT
in Fi 5;th troller bei ternall ADDRESSING
as shown in Figure 5; the controller being externally VODE
linked to both the reset and the oscillator, while the b7 _ VREGISTER b0 J
core is linked to the dedicated on-chip macrocells b7  WREGISTER bo
peripherals via the serial data bus and indirectly for P -
interrupt purposes through the control registers. |b7 AGCUMULATOR _bo I
Registers : [b11  PROGRAMCOUNTER b0
The ST62xx Family core has six registers and three
pairs of flags available to the programmer. They are — I
shownin Figure 4 and are explained in the following I N
aragraphs. SIX LEVELS
p _ ——  STACKREGISTER ~ ——
Accumulator (A). The accumulator is an 8-bit — —
general purpose register used in all arithmetic cal- — —
culations, logical operations, and data manipula-
tions. The accumulator is addressed in the data
space as RAM location at address FFh. Accord- NORMAL FLAGS
ingly the ST62xx instruction set can use the accu-
mulator as any other register of the data space. INTERRUPT FLAGS
Indirect Registers (X, Y). These two indirect reg-
isters are used as pointers to the memory locations NMI FLAGS
in the data space. They are used in the register-in- VA000423
direct addressing mode. These registers can be
addressed in the data space as RAM locations at
Figure 5. ST62xx Core Block Diagram
0,01 TO 8MHz
RESET 0OSCin I:l OSCout

—

CONTROLLER INTERRUPTS

. AN & >

: ii u DATA SPACE

. FLAG CONTROL :

. OPCODE VALUES A SIGNALS ADDRESS / READ LINE

: : DATA

: RAM / EEPROM

| PROGRAM _| :
ROM/EPROM |

NS ADDRESS [==N DATA

. : | DECODER [==/| ROM/EPROM

. ADATA B-DATA .

Lo Lr . L DEDICATIONS  |—1}-

. \V/

. Program Counter . ACCUMULATOR

12 . and FLAGS
. 6 LAYER STACK
T RESULTS TO DATA SPACE ( WRITE LINE )

........................................ . VR001811

4/86 Lyy SGS-THOMSON
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ST6260B/65B

ST62xx CORE (Continued)

addresses 80h (X) and 81h (Y). They can also be
accessed with the direct, short direct, or bit direct
addressing modes. Accordingly, the ST62xx in-
struction set can use the indirect registers as any
other register of the data space.

Short Direct Registers (V, W). These two registers
are used to save one byte in short direct addressing
mode. These registers can be addressed in the
data space as RAM locations at addresses 82h (V)
and 83h (W). They can also be accessed with the
direct and bit direct addressing modes. Accordingly,
the ST62xx instruction set can use the short direct
registers as any other register of the data space.

Program Counter (PC)

The program counter is a 12-bit register that con-
tains the address of the next ROM location to be
processed by the core. This ROM location may be
an opcode, an operand, or an address of operand.
The 12-bit length allows the direct addressing of
4096 bytes in the program space. Nevertheless, if
the program space contains more than 4096 loca-
tions, the further program space can be addressed
by using the Program Bank Switch register.

The PC value is incremented, after it is read the
address of the current instruction. To execute rela-
tive jumps the PC and the offset are shifted through
the ALU, where they will be added, and the result
is shifted back into the PC. The program counter
can be changed in the following ways:

—JP (Jump) instruction . . PC=Jump address
— CALL instruction PC= Call address

— Relative Branch Instructions.PC= PC = offset

— Interrupt PC= Interrupt vector
- Reset PC= Reset vector

— RET & RETlinstructions  PC= Pop (stack)
—Normalinstruction . . . .. .. ... PC=PC +1
Flags (C, 2)

The ST62xx core includes three pairs of flags that
correspond to 3 different modes: normal mode,
interrupt mode and Non-Maskable-Interrupt-mode.
Each pair consists of a CARRY flag and a ZERO
flag. One pair (CN, ZN) is used during normal
operation, one pair is used during the interrupt
mode (Cl, ZI) and one is used during the not-mask-
able interrupt mode (CNMI, ZNMI).

The ST62xx core uses the pair of flags that corre-
spond to the actual mode: as soon as an interrupt
(resp. a Non-Maskable-Interrupt) is generated, the
ST62xx core uses the interrupt flags (resp. the NMI
flags) instead of the normal flags. When the RETI
instruction is executed, the normal flags (resp. the
interrupt flags) are restored if the MCU was in the
normal mode (resp. in the interrupt mode) before

K37, SR THONSON

the interrupt. It should be observed that each flag
set can only be addressed in its own routine (Not-
maskable interrupt, normal interrupt or main rou-
tine). The flags are not cleared during the context
switching and so remain in the state they were at
the exit of the last routine switching.

The Carry flag is set when a carry or a borrow
occurs during arithmetic operations, otherwise it is
cleared. The Carry flag is also set to the value of
the bit tested in a bit test instruction, and partici-
pates in the rotate left instruction.

The Zero flag is setif the result of the last arithmetic
or logical operation was equal to zero, otherwise it
is cleared.

The switching between the three sets of flags is
automatically performed when an NMI, an interrupt
or a RETI instructions occurs. As the NMI mode is
automatically selected after the reset of the MCU,
the ST62xx core uses at first the NMI flags.

Stack

The ST62xx core includes true LIFO hardware
stack that eliminates the need for a stack pointer.
The stack consists of six separate 12-bit RAM
locations that do not belong to the data space RAM
area. When a subroutine call (or interrupt request)
occurs, the contents of each level is shifted into the
next level while the content of the PC is shifted into
the first level (the value of the sixth level will be lost).
When a subroutine or interrupt return occurs (RET
or RETI instructions), the first level register is
shifted back into the PC and the value of each level
is popped back into the previous level. These two
operating modes are described in Figure 6. Since
the accumulator, as all other data space registers,
is not stored in this stack the handling of these
registers should be performed inside the subrou-
tine. The stack pointer will remain in its deepest
position if more than 6 calls or interrupts are exe-
cuted, so that the last return address will be lost. It
will also remain in its highest position if the stack is
empty and a RET or RETI is executed. In this case
the next instruction will be executed.

Figure 6. Stack Operation

PROGRAM COUNTER

STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3
STACK LEVEL 4
STACK LEVEL 5
STACK LEVEL 6

'WHEN CALL

WHEN
RET OR RETI
OCCURS

INTERRUPT REQUEST
OCCURS

CRI3IRIbL

HyyY

VA000424
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ST6260B/65B

MEMORY SPACES )
The MCU operates in three different memory

108

Figure 7. ST6260B/65B Program ROM Memory
Map

spaces: program space, data space, and stack
space. A description of these spaces is shown in 0000h
the following figures. RESERVED
Program Space 007Fh
The program space is physically implemented in 0080h
the ROM memory and includes all the instructions
that are to be executed, as well as the data required
for the immediate addressing mode instructions,
the reserved test area and the user vectors. It is
addressed by the 12-bit Program Counter register
"(PC register) and so the ST62xx core can directly
address up to 4K bytes of Program Space. ST62
devices with more than 4K ROM use ROM banked
program memory (not available on ST6260B,
ST6265B).
The ST6260B,65B program space can be pro-
tected against external reading of the ROM con- USER
tents when the READOUT PROTECTION mask
option is selected. If this option is selected, the user PROGRAM
can blow adedicated fuse on the silicon by applying ROM
a high voltage at Vep, (see detailed information in the
“Electrical Specification”).
Note: 3872 BYTES
Once the fuse is blown, it is no longer possible,
even for SGS-THOMSON, to gain access to the
ROM contents. Returned parts with blown fusecan
therefore not be accepted.
OF9Fh
OFACh RESERVED
OFEFh
OFFOh INTERRUPT VECTOR 4
OFF1h
OFF2h INTERRUPT VECTOR 3
OFF3h
OFFah INTERRUPT VECTOR 2
QOFF5h
OFF6h INTERRUPT VECTOR 1
OFF7h
OFF8h RESERVED
OFFBh
OFFCh INTERRUPT VECTOR 0
OFFDh
OFFEh RESET VECTOR
OFFFh
VR02004
6/86 .
TR
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MEMORY SPACES (Continued)

Figure 8. Memory Addressing Description Diagram

STACK SPACE PROGRAM SPACE DATA SPACE
0000h T 000h
T RAM / EEPROM
- —
T BANKING AREA
STACKLEVEL1 | Lo
03Fh
STACK LEVEL 2 ROM >
STACK LEVEL 3 040h DATA ROM
STACK LEVEL 4 i WINDOW
STACK LEVEL5 .
STACK LEVEL 6 o g;g:
X REGISTER
07FFh : 081h Y REGISTER ]
0800h 082h | V REGISTER |
083h W REGISTER |
084h
. RAM
ROM 0BFh
+- DATA ROM
L » WINDOW SELECT
OFEFh T DATA RAM ||
1 BANK SELECT
OFFOh ™" INTERRUPT &
OFFFh | RESET VEGTORS T . OFFh | ACCUMULATOR
VRO01568
Ly7 SGS-THOMSON 7/86
/. wicroELECTRONICS
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MEMORY SPACES (Continued)

Data Space Figure 9. ST6260B/65B Data Memory Space
The instruction set of the ST62xx core operates on
a specific space, named Data Space, that contains i 000h
all the data necessary for the processing of the DATA and EEPROM
The Data § llows the addressing of 03Fh
program. The Data Space allows the addressing o P
RAM and EEPROM memory, ST62xx core/periph- DATA ROM WINDOW AREA
eral registers, and read-only data such as con-
stants and look-up tables. 07Fh
. . . X REGISTER 80h
Data ROM. All the read-only data is physically im- YREGISTER 331,,
plemented in the ROM memory in which the Program VREGISTER 082h
Space is also implemented. The ROM memory con- W REGISTER 083h
tains consequently the program to be executed, the " 084h
constants and the look-up tables needed for the DATARA 0BFh
program. PORT A DATA REGISTER 0COh
The locations of Data Space in which the different PORT B DATA REGISTER 0Cth
constants and look-up tables are addressed by the FORTS DATA RECISTER 9can
ST62xx core can be considered as being a 64-byte PORT ADIRECTION REGISTER 0C4h
window through which it is possible to access to the PORT B DIRECTION REGISTER 0Csh
read-only data stored in the ROM memory . PORT C DI;EESESESEGIS“ Ogg:
]
Data RAM/EEPROM.The ST6260B/65B offer 128 INTERRUPT OPTION REGISTER ocsh*
bytes of data RAM memory and 128 bytes of DATA ROM WINDOW REGISTER 0Cgh*
EEPROM. 64 bytes of RAM are directly addressed RESERVED gggﬂ
in data space in the range 080h-0BFh (static
o EGISTER
space). The additional RAM and EEPROM are ggg; Qg:';'gz 2EG,STER 3832
addressed using the banks of 64 bytes located PORT C OPTION REGISTER 0CEh
between addresses 00h and 3Fh. RESERVED 0CFh
AD DATA REGISTER 0Doh
Stack Space . AJD CONTROL REGISTER 0D1h
The stack space consists of six 12 bit registers that Tms; 1FggﬁzATléElﬁﬁFéEG?SI$;ERR gggn
are used for stacking subroutine and interrupt re- FHER 1 STATUSICONTROL REGISTER P
turn addresses plus the current program counter AR TIMER MODE GONTROL REGISTER oDsh
register. : AR TIMER STATUS/CONTROL REGISTER1 0D6h
. “AR TIMER STATUS/CONTROL REGISTER2 0D7h
WATCHDOG REGISTER oDsh
AR TIMER RELOAD/CAPTURE REGISTER oDsh
AR TIMER COMPARE REGISTER 0DAh
AR TIMER LOAD REGISTER oDBh
OSCILLATOR CONTROL REGISTER obCh*
MISCELLANEOUS 0DDh
ODEh
RESERVED ODFh
SPIDATA REGISTER OEOh
SPI DIVIDER REGISTER OE1h
SPI MODE REGISTER 0E2h
0E3h
RESERVED 0E7h
DATA RAM/EEPROM REGISTER OE8h*
RESERVED 0ESh
EEPROM CONTROL REGISTER OEAh
0EBh
RESERVED OFEh
ACCUMULATOR OFFh

* WRITE ONLY REGISTER

8/86 - Ly, SGS-THOMSON
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ST6260B/65B

MEMORY SPACES (Continued)

Data Window register (DWR)

The Data ROM window is located from address
040h to address 7Fh in the Data space. It allows
the direct reading of 64 consecutive bytes located
anywhere in the ROM memory between the ad-
dresses 0000h and OFFFh. All the bytes of the
ROM memory can be used to store either instruc-
tions or read-only data. Indeed, the window can
be moved by step of 64 bytes along the ROM
memory in writing the appropriate code in the
Write-only Data Window register (DWR register,
location C9h).

The DWR register can be addressed like a RAM
location in the Data Space at the address C9h,
nevertheless it is a write only register that cannot
be accessed with single-bit operations. This regis-
ter is used to move the 64-byte read-only data
window (from the 40h address to 7Fh address of
the Data Space) up and down the ROM memory of
the MCU in steps of 64 bytes. The effective address
of the byte to be read as a datain the ROM memory
is obtained by the concatenation of the 6 least
significant bits of the register address given in the
instruction (as least significant bits) and the content
of the DWR register (as most significant bits, see
Figure 9). So when addressing location 40h of
dataspace, and O is loaded in the DWR register, the
phisycal addressed location in ROM is 00h. The
DWR register is not cleared at reset, therefore it
must be written to before the first access to the Data
ROM window area.

Figure 10. Data ROM Window Memory Addressing

Figure 11. Data ROM Window Register

DWR

Data ROM Window Register
(C9h, Write Only)

D7|D6|D5{D4|D3|D2(D1|D0

L DWRO = Data ROM Window 0
DWR1 = Data ROM Window 1
DWR2 = Data ROM Window 2
DWRS3 = Data ROM Window 3
DWR4 = Data ROM Window 4
DWRS = Data ROM Window 5
Unused

Unused

D7-D6. Not used.

DWRS5-DWRO. These are the Data ROM Window
bits that correspond to the upper bits of the data
ROM space.

This register is undefined on reset. Neither read
nor single bit instructions may be used to ad-
dress this register.

Note: Care is required when handling the DWR
register as it is write only. For this reason, it is not
allowed to change the DWR contents while execut-
ing interrupt service routine, as the service routine
cannot save and then restore its previous content.
If it is impossible to avoid the writing of this register
in the interrupt service routine, an image of this
register must be savedin a RAM location, and each
time the program writes to the DWR it must write
also to the image register. The image register must
be written first, so if an interrupt occurs between
the two instructions the DWR is not affected.

13 12" 11 10 9 8 7

DATA ROM

615 4 3 2 1
WINDOWREGISTER 7 6 5 4 3 2 1 0|

0 PROGRAM SPACE ADDRESS
READ

0  DATA SPACE ADDRESS

40h-7Fh

IN INSTRUCTION

comers o T T T L] |s « o 21
o % 1 11111
Example:
DWR=2ahW1|o|1|o olo
ox/i

DATA SPACE ADDRESS:
of [ folof 7 e

ADDRFI‘EOSI\SA:MQhWA ‘l °l 1| °| °| °]7°ﬁ| 1|°| °| 1|
- VR01573C
Kyy, S55.THOMSON i
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MEMORY SPACES (Continued)

Data RAM/EEPROM Bank Register (DRBR)

The selection of the bank is made by programming
the Data RAM Bank Switch register (DRBR register)
located at address E8h of the Data Space according
to Table 1. No more than one bank should be set at
atime.

The DRBR register can be addressed like a RAM
location in the Data Space at the address E8h;
nevertheless it is a write only register that cannot
be accessed with single-bit operations. This regis-
ter is used to select the desired 64-byte
RAM/EEPROM bank of the Data Space. The num-
ber of bank has to be loaded in the DRBR register
and the instruction has to point to the selected
location as if it was in bank 0 (from 00h address to
3Fh address).

This register is not cleared during the MCU initiali-
zation, therefore it must be written before the first
‘access to the Data Space bank region. Refer to the
Data Space description for additional information.
The DRBR register is not modified when an inter-
rupt or a subroutine occurs.

Table 1. Data RAM Bank Register Set-up

Figure 12. Data RAM/EEPROM Bank Register

DRBR Value Selection
00h None
01h EEPROM Page 0
02h EEPROM Page 1
10h RAM Page 2
Other Reserved

10/86
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DRBR

Data RAM Bank Register
(E8h, Write Only)

D7|D6|D5|D4|D3|D2|D1)D0

' ’ l_ DRBRO Data EEPROM Bank O}
DRBR1Data EEPROM Bank 1

Unused

Unused

DRBR4 Data RAM Bank 2

Unused

D7-D5. These bits are not used.

DRBRA4. This bit, when set, selects RAM page 2.
D3-D2. These bits are not used.

DRBRA1. This bit, when set, selects EEPROM page 1.
DRBRO. This bit, when set, selects EEPROM page 0.

Notes:

Care is required when handling the DRBR register
as it is write only. For this reason, it is not allowed
to change the DRBR contents while executing
interrupt service routine, as the service routine
cannot save and then restore its previous content.
If it is impossible to avoid the writing of this register
in interrupt service routine, an image of this register
must be saved in a RAM location, and each time
the program writes to DRBR it must write also to
the image register. The image register must be
written first, so if an interrupt occurs between the
two instructions the DRBR is not affected.

In DRBR Register, only 1 bit must be set. Otherwise
two or more pages are enabled in parallel, produc-
ing errors.




ST6260B/65B

MEMORY SPACES (Continued)

EEPROM Description

The data space of ST62xx family from 00h to 3Fh
is paged as described in Table 2. The
ST6260B/65B has 128 bytes of EEPROM located
in two pages of 64 bytes (page 0 and 1).

The EEPROM is physically organized in 32 byte
modules (2 modules per page) and does not re-
quire dedicated instructions to be accessed in read-
ing or writing. Once selected through the Data RAM
Bank Register, the active EEPROM page is con-
trolled by the EEPROM Control Register (EECTL)
located at address EAh. E20FF bit of the EECTL
register must be cleared to “0” prior to any write or
read access to the EEPROM. If no bank is selected
or if E20FF is set, any access is meaningless.
Programming must be enabled by setting bit
E2ENA of register EECTL.

Bit E2BUSY of EECTL register is set to 1 when the
EEPROM is performing a programming cycle. Any
access to the EEPROM when E2BUSY is set to 1
is meaningless.

Provided E20FF and E2BUSY are cleared to 0, an
EEPROM location is read like any other data loca-
tion, also in term of access time.

Writing the EEPROM can work in two modes: Byte
Mode (BMODE) and Parallel Mode (PMODE).
BMODE is the normal way to use the EEPROM and
consists in accessing one byte at a time. PMODE
consists in simultaneously programing 8 bytes of
the same row.

D7. Not Used

Figure 13. EEPROM Control Register

EECTL

EEPROM Control Register
(EAh, Read/Write

D7(D6(D5(D4|D3|D2(D1{D0

| I—- E2ENA = EEPROM Enable Bit
E2BUSY = EEPROM Busy Bit*|

E2PAR2 = Parallel Mode En Bi

E2PAR1 = Parallel Start Bt

R (Must be set Low)

R (Must be set Low)

E20FF = Stand-by Enable Bit

Unused

*Read Only
All other used bits are Write Only

E20FF. WRITE ONLY. Ifthis bitis set the EEPROM
is disabled (any access will be meaningless) and
the power consumption of the EEPROM is reduced
to the lowest values.

D5, D4. Reserved, must be set to zero.

E2PAR1. WRITE ONLY. Once in Parallel Mode, as
soon as the user software sets the E2PAR1 bit the
parallel writing of the 8 adjacent registers will start.
Itis internally reset at the end of the programming
procedure. Note that less than 8 bytes can be
written; the undefined bytes are unaffected by the
parallel programming.

E2PAR2. WRITE ONLY. This bit must be set by the
user program in order to perform parallel program-
ming (more than one byte at a time). If E2PAR2 is
set and the parallel start bit (E2PAR1) is low, up to
8 adjacent bytes can be written at maximum speed,
the contents being stored in volatile registers.
These 8 adjacent bytes are considered as a row,
whose address lines A7, A6, A5, A4, A3 are fixed
while A2, A1 and A0 are the changing bits. E2PAR2
is automatically reset at the end of any parallel
programming procedure. It can be reset by the user
software before starting the programming proce-
dure, leaving the EEPROM registers unchanged.

E2BUSY. READ ONLY. This bit is automatically set
by the EEPROM control logic when the EEPROM
is in programming mode. The user program should
test it before any read or write EEPROM operation;
any attempt to access the EEPROM while the busy
bit is set will be aborted and the writing procedure
in progress completed.

E2ENA. WRITE ONLY. This bit enables program-
ming of the EEPROM cells. It must be set to one
before any write into the EEPROM register. Any
attempt to write to the EEPROM when E2ENA is
low is meaningless and will not trigger. a write
cycle.

This register is cleared at reset.

Notes:

The data to write has to be written directly at the
address that it will have inside the EEPROM space.
There is no buffer memory between the data RAM

_ and the EEPROM spaces.

When the EEPROM is busy (E2BUSY ="1") EECTL
can not be accessed in write mode, it is only
possible to read the status of E2BUSY. This implies
that as long as the EEPROM is busy, it is not
possible to change the status of the EEPROM
Control Register. EECTL bits 4 and 5 are reserved
and must never be set to “1”.

Care is required when handling the EECTL register
as some bits are write only. For this reason, it is not
allowed to change the EECTL contents while exe-
cuting interrupt service routine, as the service rou-
tine cannot save and then restore its previous
content. If it is impossible to avoid the writing of this
register in interrupt service routine, an image of this

L3y, SGS-THOMSON 11/86
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ST6260B/65B

MEMORY SPACES (Continued)
Table 2. EEPROM Parallel Write Row Structure

Dataspace
addresses.
. Banks 0 and 1.
Byte 0 1 2 3 4 5 6 7

ROW7 38h-3Fh
ROW6 30h-37h
ROWS5 28h-2Fh
ROW4 20h-27h
ROW3 18h-1Fh
ROW2 10h-17h
ROW1 08h-0Fh
ROWO 00h-07h

Up to 8 bytes in each row may be programmed at the same time in Parallel Write mode

register must be saved in a RAM location, and each
time the program writes to EECTL it must write also
to the image register. The image register must be
written first, so if an interrupt occurs between the
two instructions the EECTL is not affected.

Additional Notes on Parallel Mode. If the user
wishes to perform parallel programming, the first
action should be to set the E2PAR2 bit to one. From
this time the EEPROM will be addressed in writing,
the ROW address will be latched and it will be
possible to change it only at the end of the program-
ming procedure or by resetting E2PAR2 without

programming the EEPROM. After the ROW ad-.

dress latching the ST62xx can “see” only one
EEPROM row (the selected one) and any attempt
to write or read other rows will produce errors. Do
not read the EEPROM while E2PAR2 is set.

As soon as E2PAR2 bit is set, the 8 volatile ROW
latches are cleared. From this moment the user can

12/86
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load data in the whole ROW or in a subset. Setting
E2PAR1 will modify the EEPROM registers corre-
sponding to the ROW latches accessed after
E2PAR2. For example, if the software sets E2PAR2
and accesses the EEPROM by writing to ad-
dressés 18h, 1Ah, 1Bh and then sets E2PAR1,
these three registers will be modified at the same
time; the remaining bytes will be unaffected. Note
that E2PAR2 is internally reset at the end of the
programming procedure. This implies that the user
must set E2PAR2 bit between two parallel pro-
gramming procedures. Note that if the user tries to
set E2PAR1 while E2PAR2 is not set there will not
be any programming procedure and the E2PAR1
bit will be unaffected. Consequently E2PAR1 bit
cannot be set if E2ENA is low. E2PAR1 can be
affected by the user to set it, only if E2ENA and
E2PAR2 bits are also set to one.

o MICROELECTRONICS
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ST6260B/65B

TEST MODE

For normal operation the TEST pin must be held
low when reset is active. An on-chip 100kQ pull-
down resistor is internally connected to the TEST
pin.

INTERRUPTS

The ST62xx core can manage 4 different maskable
interrupt sources, plus one non-maskable interrupt
source (top priority level interrupt). Each source is
associated with a particular interrupt vector that
contains a Jump instruction to the related interrupt
service routine. Each vector is located in the Pro-
gram Space at a particular address (see Table 1).
When a source provides an interrupt request, and
the request processing is also enabled by the
ST62xx core, then the PC register is loaded with
the address of the interrupt vector (i.e. of the Jump
instruction).

Finally, the PC is loaded with the address of the
Jump instruction and the interrupt routine is proc-
essed.

The ST6260B and ST6265B microcontroliers have
eight different interrupt sources associated to five
interrupt vectors as it is described in table below.

Table 3. Interrupt Vector/Source Relationship

Interrupt Source Vector Vector Address
NMI Interrupt vector #0 | (FFCh, FFDh)
PortA&B Interrupt vector #1 | (FF6h, FF7h)
Port C & SPI Interrupt vector #2 | (FF4h, FF5h)

AR TIMER Interrupt vector #3 | (FF2h, FF3h)

TIMER1 & ADC | Interrupt vector #4 | (FFOh, FF1h)

7, 32Ny

Interrupt Vectors Description

The ST62xx core includes 5 different interrupt vec-
tors in order to branch to 5 different interrupt rou-
tines in the static page of the Program Space.

— The interrupt vector associated with the non-
maskable interrupt source is named interrupt
vector #0. It is located at addresses FFCh,FFDh
in the Program Space. On ST6260B and
ST6265B this vector is associated with the exter-
nal falling edge sensitive interrupt pin (NMI).

— The interrupt vector located at addresses FF6h,
FF7h is named interrupt vector #1. It is associ-
ated with Port A and Port B pins. It can be
programmed by software either in the falling
edge detection mode or in the low level sensitive
detection mode according to the code loaded in
the Interrupt Option Register (IOR).

— The interrupt vector located at addresses FF4h,
FF5h is named interrupt vector #2. It is associate
with Port C pins and the SPI peripheral can be
programmed by software either in the falling
edge detection mode or in the positive edge
detection mode according to the code loaded in
the Interrupt Option Register (IOR).

— The interrupt vector located at addresses FF2h,
FF3h is named interrupt vector #3. It is associ-
ated with the AR TIMER peripheral.

— The interrrupt vector loaded at address FFOh,
FF1h is named interrupt vector #4. It is associ-
ated with the TIMER 1 and the A/D converter
peripherals.

All the on-chip peripherals have an interrupt re-
quest flag bit (TMZ for timer, EOC for A/D), this bit
is set to one when the device wants to generate an
interrupt request and a mask bit (ETI for timer, EAI
for A/D) that must be set to one to allow the transfer
of the flag bit to the core.

Interrupt Priority

The non-maskable interrupt request NMI has the
highest priority and can interrupt any other interrupt
routines at any time, nevertheless the four other
interrupts can not interrupt each other. If more than
one interrupt request are pending, they are proc-
essed by the ST62xx core according to their priority
level: vector #1 has the higher priority while vector
#4 the lower.

The priority of each interrupt source is fixed.

13/86




ST6260B/65B

INTERRUPT (Continued)

Interrupt Option Register

The Interrupt Option Register (IOR register, loca-
tion C8h) is used to enable/disable the individual
interrupt sources and to select the operating mode
of the external interrupt inputs. This register can be
addressed in the Data Space as RAM location at
the address C8h, nevertheless it is a write-only
register that cannot be accessed with single-bit
operations. The operating modes of the external
interrupt inputs associated to interrupt vectors #1
and #2 are selected through bits 5 and 6 of the IOR
register.

Figure 14. Interrupt Option Register

IOR
Interrupt Option Register
(thh, Verile Onl}%
D7|D6|D5|D4|D3|D2|D1|D0

I

GEN = Global Enable Bit

ESB = Edge Selection Bit
LES = Edge Level Selection Bif
Unused

D7. D3-D0 These bits are not used.

LES. Level/Edge Selection Bit. When this bit is set
to one, the interrupt #1 (Port A, B lines) is low level
sensitive, when cleared to zero the negative edge
sensitive interrupt is selected.

ESB. Edge Selection Bit. When this bit is set to one,
the interrupt #2 (Port C lines) is positive edge
sensitive, when cleared to zero the negative edge
sensitive interrupt is selected.

GEN. Global Enable Interrupt. When this bit is set
to one, all the interrupts are enabled. When this bit
is cleared to zero all the interrupts (excluding NMI)
are disabled.

This register is cleared on reset.

14/86
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Table 4. Interrupt Option Register Description

GEN SET Enable all interrupts
CLEARED | Disable all interrupts
Rising edge mode on
SET . -
E£SB :t:arrrupt ;nput #i
alling edge mode on
CLEARED | jrierrupt input #2
Level-sensitive mode on
SET h "
1
LES :t:.rrupt ;nput # ,
. alling edge mode on
CLEARED interrupt input #1
OTHERS NOT USED

External Interrupts Operating Modes

The NMI interrupt is associated to the NMI pin of the
ST6260B/65B. The interrupt request is generated by
afalling edge applied to the NMI pin. The NMlinterrupt
pin signal is latched and is automatically reset by the
core at the beginning of the non-maskable interrupt
service routine. An on-chip pull-up resistor and a
Schmitt trigger are available at pin NMI.

The two interrupt sources associated with the fall-
ing/rising edge mode of the external interrupt pins
(Ports A and B vector #1, Ports C vector #2) are
connected to two internal latches. Each latch is set
when a falling/rising edge occurs and is cleared when
the associated interrupt routine is started. So, the
occurrence of an external interrupt request is stored: a
second interrupt, that occurs during the processing of
the first one, will be processed as soon as the first one
has been finished (if there is not an higher priority
interrupt request). If more than one interrupt occurs
during the processing of the first one, these other
interrupt requests will be lost.

The storage of the interrupt requests is not available in
the level sensitive detection mode. To be taken into
account, the low level must be present on the interrupt
pin when the core samples the line after the execution
of the instructions. At the end of each instruction the
core tests the interrupt lines and if there is a pend-
ing interrupt request the next instruction is not
exec;ted and the related interrupt routine is exe-
cuted.

Note:

When GEN bit is low, the NM! interrupt is active but
cannot cause a wake up from STOP/WAIT modes.
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INTERRUPT (Continued)

Interrupt Procedure. The interrupt procedure is
very similar to a call procedure, indeed the user can
consider the interrupt as an asynchronous call
procedure. As this is an asynchronous event, the
user does not know about the context and the time
at which it occurred. As a result the user should
save all the data space registers which will be used
inside the interrupt routines. There are separate
sets of processor flags for normal, interrupt and
non-maskable interrupt modes which are automat-
ically switched and so these do not need to be
saved.

The following list summarizes the interrupt procedure:

ST62xx actions

— Interrupt detection

— The flags C and Z of the main routine are ex-
changed with the flags C and Z of the interrupt
routine (or the NMI flags)

— The value of the PC is stored in the first level of
the stack

— The normal interrupt lines are inhibited (NMI still
active)

— First internal latch is cleared

— The related interrupt vector is loaded in the PC.

User actions

— User selected registers are saved inside the in-
terrupt service routine (normally on a software
stack)

— The source of the interrupt is found by polling
(if more than one source is associated to the
same vector) the interrupt flag of the source.

— Interrupt servicing

— Return from interrupt (RETI)

ST62xx actions

— Automatically the ST62xx core switches back to
the normal flags (or the interrupt flags) and pops
the previous PC value from the stack

The interrupt routine begins usually by the identifi-
cation of the device that has generated the interrupt
request (by polling). The user should save the
registers which are used inside the interrupt routine
(that holds relevant data) into a software stack.
After the RETI instruction execution, the core car-
ries out the previous actions and the main routine
can continue.

Figure 15. Interrupt Processing Flow-Chart

INSTRUCTION
FETCH
INSTRUCTION
EXECUTE
INSTRUCTION

WAS Ni
THE INSTRUCTION
A RET!
YES

IS THE CORE
ALREADY IN
NORMAL MODE ?

YES

0

NO

CLEAR
INTERRUPT MASK

SELECT
PROGRAM FLAGS

"POP*
THE STACKED PC

LOAD PC FROM
INTERRUPT VECTOR

(FFC/FFD)

CHECK IF THERE IS

NO AN INTERRUPT REQUEST
AND INTERRUPT MASK
YES

SET
INTERRUPT MASK

PUSH THE
PC INTO THE STACK

SELECT
INTERNAL MODE FLAG

VA000014

b7, SRR
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INTERRUPT (Continued)
Table 5. Interrupt Requests and Mask Bits
Peripheral Register ng:,sef; Mask bit Masked Interrupt Source | Interrupt Vector
GENERAL IOR C8h GEN All sources, excluding NMI
TIMER 1 TSCR1 D4h ETI TMZ: TIMER 1 Overflow Vector 4
A/D CONVERTER ADCR Dih EAI EOC: End of Conversion Vector 4
AR TIMER ARMC D5h OVIE OVF: AR TIMER Overflow
CPIE CPF: Successful compare Vector 3
EIE EF: Active edge on ARTIMin
SPI SPIMOD E2h SPIE SPIF: End of Transmission Vector 2
Port PAn ORPA-DRPA COh-C4h ORPAN-DRPAN | PAn pin Vector 1
Port PBn ORPB-DRPB| C1h-C5h | ORPBn-DRPBn | PBn pin Vector 1
Port PCn ORPC-DRPC| C2h-C6h | ORPCn-DRPCn | PCn pin Vector 2
= K37, 3ESTHONSON
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INTERRUPT (Continued)

Figure 16. Interrupt Circuit Diagram

FROM REGISTER PORT A,B,C
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RESET

The ST6260B/65B can be reset in three ways: by
the external reset input (RESET ) tied low, by
pov;ler-on reset and by the digital Watchdog periph-
eral

RESET Input

The RESET pin can be connected to a device of
the application board in order to restart the MCU
during its operation. The activation of the RESET
pin may occur in the RUN, WAIT or STOP mode.
This input has to be used to reset the MCU internal
state and provide a correct start-up procedure. The
pin is active low and has a schmitt trigger input. The
internal reset signal is generated by adding a delay
to the external signal. Therefore even short pulses
at the RESET are accepted, provided Vpp has
finished its rising phase and the oscillator is running
correctly (normal RUN or WAIT modes). The MCU
is kept in the Reset state as long as the RESET pin
is held low.

If the RESET activation occurs in the RUN or WAIT
mode, the processing of the program is stopped (in
RUN mode only) and the Input/Outputs are placed
in input with pull-up resistors. When the level on the
RESET pin becomes high, the initialization se-
quence is executed just after the internal delay.

If a RESET pin activation occurs in the STOP
mode, the oscillator starts and all the inputs/outputs
are configured in input with pull-up resistors. When
the level of the RESET pin becomes high, the
initialization sequence is started just after the in-
ternal delay.

18/86
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Power-on Reset

The function of the POR consists in waking up the
MCU during the power-on sequence. At the begin-
ning of this sequence, the MCU is configured in the
Reset state: every Input/Output port is configured
in input with pull-up resistor and no instruction is
executed. When the power supply voltage be-
comes sufficient, the oscillator starts to operate,
nevertheless an internal delay is generated to allow
the oscillator to be completely stabilized before the
execution of the first instruction. The initialization
sequence is executed just after the internal delay.

The internal delay is generated by a mask option
configurable on-chip counter. When the 2048 CY-
CLES DELAY option is selected the internal reset
is released 2048 cycles of the oscillator after the
external reset is released. When the 32768 CY-
CLES DELAY option is selected, the delay is 32768
cycles of the oscillator.

Note:

“To have a correct start-up, the user should take

care that the internal reset is not released before
the VDD level is sufficient to allow MCU operation
at the chosen frequency (see Recommended Op-
erating Conditions).

A proper reset signal for slow rising Vbp can be
generally provided by an external RC network con-
nected at pin RESET.
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RESET (Continued)

Waichdog Reset

The ST6260B and ST6265B provide an on-chip
watchdog function in order to provide a graceful
recovery from a software upset. If the watchdog
register is not refreshed, preventing the end-of-
count being reached, the internal reset s activated.
This, in particular, resets the watchdog. The MCU
restarts as with normal reset from RESET pin in-
cluding the internal delay.

Figure 17. Reset Circuit

Application Notes

An external resistor between Vpp and reset pin is
not required because an internal pull-up device is
provided.

The POR device operates in a dynamic manner in
the way that it brings about the initialization of the
MCU when it detects a dynamic rising edge of the
Vop voltage. The typical detected threshold is
about 2 volts, but the actual value of the detected
threshold depends on the way in which the Vbp
voltage rises up. The POR device DOES NOT allow
the supervision of a static or slowly rising or falling
edge of the Vpp voltage.

Voo ¢ ST6
OSC CK INTERNAL
RESET
300k COUNTER
RESET [} 1 {bc VN PESET | Reser
2.8k0
POWER ON RESET
WATCHDOG RESET '
VA0B200
L§y SGS-THOMSON 19/88
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RESET (Continued)

Figure 18. Reset and Interrupt Processing
Flow-Chart

RESET

NMI MASK SET
INT LATCH CLEARED
(IF PRESENT )

l

SELECT
NMI MODE FLAGS

l

MCU Initialization Sequence

When a reset occurs the stack is reset to the
program counter, the PC is loaded with the address
of the reset vector (located in the program ROM at
addresses FFEh & FFFh). A jump instruction to the
beginning of the program has to be written into
these locations. After a reset a NMI is automatically
activated so that the core is in non-maskable inter-
rupt mode to prevent false or ghost interrupts dur-
ing the restart phase. Therefore the restart routine
should be terminated by a RETI instruction to
switch to normal mode and enable interrupts. If no
pending interrupt is present at the end of the reset
routine the ST62xx will continue with the instruction
after the RET]I; otherwise the pending interrupt will
be serviced

Figure 19. Restart Initialisation Program Flow-

PUT FFEH Chart
ON ADDRESS BUS
RESET
STILL PRESENT ? R
P JP: 2 BYTES/4 CYCLES
RESET
VECTOR

LOAD PC :

FROM RESET LOCATIONS 1

FFE/FFF !
.|

J INITIALIZATION
FETCH INSTRUCTION HOUTINE
R RETI: 1 BYTE/2 CYCLES

RETI —

I VA000427 :
SE—

VA00181
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RESET (Continued)
Table 6. Reset Value
Register Address Value Comment
Oscillator Control Register 0DCh fint = fosc; user must set bit3 to 1
EEPROM Control Register OEAh EEPROM disabled
Port Data Registers 0COh to 0G2h
Port Direction Register 0C4h to 0C6h 1/O are Input with pull-up
Port Option Register 0CCh to OCEh 1/O are Input with pull-up
Interrupt Option Register 0C8h Interrupt disabled
TIMER 1 Status/Control 0D4h 00h TIMER 1 disabled
AR TIMER Mode Control Register 0Dsh AR TIMER stopped
AR TIMER Status/Control 1 Register | 0D6h
AR TIMER Status/Control 2 Register | 0D7h
AR TIMER Compare Register 0DAh
Miscellaneous Register 0DDh SPI output not connected to PC3
SPI Registers 0EOh to OE2h SPI disabled
X, Y, V, W, Register 080h to 083h
Accumulator OFFh
Data RAM 084h to OBFh
Data RAM Page Register OE8h '
Data ROM Window Register 0CSh Undefined
EEPROM 00h to 03Fh . f
A/D Result Register oDOh As written if programmed
AR TIMER Load Register 0DBh
AR TIMER Reload/Capture Register | 0DSh
TIMER 1 Counter Register 0D3h FFh
TIMER 1 Prescaler Register 0D2h 7Fh Max count loaded
Watchdog Counter Register 0D8h FEh
A/D Control Register 0D1h 40h A/D in Standby
L7, S5S-THOMSON 21/86
> MICROELECTRONICS
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WAIT & STOP MODES

The WAIT and STOP modes have been imple-
mented in the ST62xx core in order to reduce the
consumption of the product when the latter has no
instruction to execute. These two modes are de-
scribed in the following paragraphs

WAIT Mode

The MCU goes into the WAIT mode as soon as the
WAIT instruction is executed. The microcontroller
can also be considered as being in a “software
frozen” state where the core stops processing the
instructions of the routine, the contents of the RAM
locations and peripheral registers are saved as
long as the power supply voltage is higher than the
RAM retention voltage, but where the peripherals
are still working.

The WAIT mode can be used when the user wants
to reduce the consumption of the MCU when it is
idle, while not losing count of time or monitoring of
external events. The oscillator is not stopped in
order to provide a clock signal to the peripherals.
The TIMER 1 and counting may be enabled as well
as both Timer interrupts before entering the WAIT
mode; this allows the WAIT mode to be left when
timer interrupt occurs. The above explanation re-
lated to the timers applies also to the A/D converter
and the SPI.

If the exit from the WAIT mode is performed with a
general RESET (either from the activation of the
external pin or by watchdog reset) the MCU enters
a normal reset procedure as described in the RE-
SET chapter. If an interrupt is generated during
WAIT mode the MCU behavior depends on the
state of the ST62xx core before the initialization of
the WAIT sequence, but also of the kind of the
interrupt request that is generated. This case is
described in the following paragraphs. In any case,
the ST62xx core does not generate any delay after
the occurrence of the interrupt because the oscillator
clock is still available.

22/86
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STOP Mode

If the Watchdog is disabled the STOP mode is
available. When in STOP mode the MCU is placed
in the lowest power consumption mode. In this
operating mode the microcontroller can be consid-
ered as being “frozen”, no instruction is executed,
the oscillator is stopped, the contents of the RAM
locations and peripheral registers are saved as
long as the power supply voltage is higher than the
RAM retention voltage, and the ST62xx core waits
for the occurrence of an interrupt request or Reset
activation to output from the STOP state. The inter-
rupt request can be issued by a pin. or by an
externally clocked timer.

If the exit from the STOP mode is performed with
a general RESET (by the activation of the external
pin) the MCU will enter a normal reset procedure
as described in the RESET chapter. The case of an
interrupt depends on the state of the ST62xx core
before the initialization of the STOP sequence and *
also of the kind of the interrupt request that is
generated.

This case will be described in the following para-
graphs. In any case, the ST62xx core generates a
delay after the occurrence of the interrupt request in
order to wait the complete stabilization of the oscilla-
tor before the execution of the first instruction.

Exit from WAIT and STOP Modes

The following paragraphs describe the output pro-
cedure of the ST62xx core from WAIT and STOP
modes when an interrupt occurs (not a RESET). It
must be noted that the restart sequence depends
on the original state of the MCU (normal, interrupt
or non-maskable interrupt mode) before the start
of the WAIT or STOP sequence, but also of the type
of the interrupt request that is generated.

Normal Mode. If the ST62xx core was in the main
routine when the WAIT or STOP instruction has
been executed, the ST62xx core outputs from the
stop or wait mode as soon as any interrupt occurs;
the related interrupt routine is executed and at the
end of the interrupt service routine the instruction
that follows the STOP or the WAIT instruction is
executed if no other interrupts are pending.

Not Maskable Interrupt Mode. If the STOP or
WAIT instruction hds been executed during the
execution of the non-maskable interrupt routine,
the ST62xx core outputs from the stop or wait mode
as soon as any interrupt occurs: the instruction that
follows the STOP or the WAIT instruction is exe-
cuted and the ST62xx core is still in the non-mask-
able interrupt mode even if another interrupt has
been generated.
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WAIT & STOP MODES (Continued)

Normal Interrupt Mode. If the ST62xx core was in

the interrupt mode before the initialization of the

STOP or WAIT sequence, it outputs from the stop

or wait mode as soon as any interrupt occurs.

Nevertheless, two cases have to be considered:

— If the interrupt is a normal interrupt, the interrupt
routine in which the wait or stop was entered will
be completed with the execution of the instruction
that follows the STOP or the WAIT and the ST6xx
core is still in the interrupt mode. At the end of
this routine pending interrupts will be serviced in
accordance to their priority.

— If the interrupt is a non-maskable interrupt, the
non-maskable routine is processed at first. Then
the routine in which the wait or stop was entered
will be completed with the execution of the in-
struction that follows the STOP or the WAIT and
the ST6xx core remains in the normal interrupt
mode.

Notes:

To reach the lowest power consumption during
RUN or WAIT modes, the user software must take
care of:

— selecting 4 as ratio of the Oscillator divider.

— configuring unused /O as input without pull-up
with well defined logic levels.

— placing the A/D converter in its power down mode
by clearing the PDS bit in the A/D control register
before entering the STOP instruction.

— putting the EEPROM on-chip memory in stand-
by mode by setting the E20FF bit in EEPROM
Control Register to one.

— setting bit D3 of the Oscillator Control Register to
one. .

— stopping all external clocks (TIMER 1, AR TIMER
and SPI).

When the watchdog is active (independent of its
mode), the STOP instruction is deactivated and any
attempt to execute the STOP instruction will cause
an execution of a WAIT instruction.

If all the interrupt sources are disabled (including
NMI if GEN is low), the restart of the MCU can only
be done by a Reset activation. The WAIT and
STOP instructions are not executed if an enabled
interrupt request is pending.

®

k37, SERTHONGDN

ON-CHIP CLOCK OSCILLATOR

The ST6260B/65B on-chip oscillator has been de-
signed to require a minimum of external compo-
nents and to reduce the oscillator power
consumption.

A quartz crystal, a ceramic resonator, an RC net-
work or an external signal may be used to generate
a system clock with various stability/cost tradeoffs.
The clock generator options connection methods
are shown in Figure 22.

The oscillator is configured by mask option. When
the CRYSTAL/RESONATOR option is selected, it
must be used with a quartz crystal, a ceramic
resonator or an external signal. To use the oscillator
with an RC network, the RC NETWORK option
must be selected.

A programmable divider is provided in order to
adjust the iriternal clock of the micro (core and
peripherals) to the best power consumption/per-
formance trade-off. The Division Ratio is selected
through the Oscillator Control Register located at
address 0DCh.

The internal frequency is directly used to clock the
AR TIMER. ltis further divided by 12 to produce the
TIMER 1, the A/D converter and the Watchdog
clock and by 13 for the core and SPI clock.

Figure 20. Crystal Parameters

RS Cq L4

OSCin OSCout

||
I VA00101

Crystal Parameters: AT-cut Parallel Resonance Crystal
CO = Paralle! Resonance Capacitance

Figure 21. Internal Clock Circuits

User POR
C [~ Delay
[ Core
\ =13
ingsi L~ sPI
i [~ TIMER 1
0sCin\ ssciaror| fwnr| |
DIVIDER [ 1 =12 — Watchdog
L~ ADC
OSCout ot 1= ARTIMER
VR01882C
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ON-CHIP CLOCK OSCILLATOR (Continued)

With a 8MHz external frequency, the fastest ma-
chine cycle is therefore 1.625us.

The machine cycle is the smallest unit needed to
execute any operation (i.e.increment the program
counter). An instruction may need two, four, or five
machine cycles to be executed.

Oscillator Control Register

Figure 22. Oscillator Control Registers

OSCR

Oscillator Control Register
( DCh, Write only%

D7|D6|D5|D4|D3|D2{D1|D0

| L Division Ratio Selection RSO

Division Ratio Selection RS1
Reserved, must be set low
Reserved, must be set high
Unused

D7-D4. These bits are not used.

D3. Reserved - Cleared at Reset. THIS BIT MUST
BE SET TO 1 BY USER PROGRAM to achieve
lowest power consumption.

D2. Reserved. Must be kept low.

RS1-RS0. These bits select the division ratio of the

Oscillator Divider in order to generate the internal
frequency. The following selections are available:

\

Figure 23. Oscillator Connection

RS1 RSO Division Ratio
0 0 1
0 1 2
1 0 4
1 1 4

Note : Care is required when handling the OSCR
register as some bits are write only. For this reason,
itis not allowed to change the OSCR contents while
executing interrupt service routine, as the service
routine cannot save and then restore its previous
content. If it is impossible to avoid the writing of this
register in interrupt service routine, an image of this
register must be saved ina RAM location, and each
time the program writes to OSCR it must write also
to the image register. The image register must be
written first, so if an interrupt occurs between the
two instructions the OSCR is not affected.

24/86
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CRYSTAL/RESONATOR CLOCK
CRYSTAL/RESONATOR mask option

STéxxx

OSCout

OSCin

T %

VA00016

CL1 T

EXTERNAL CLOCK
CRYSTAL/RESONATOR mask option

ST6xxx

OSCin 0OSCout

VA00A15

RC NETWORK

RC NETWORK mask option

ST6xxx

OSCin OSCout

VA00B15

[OT-F it s

CL1 = CL2 = 12 to 22pF for a 4/8MHz crystal
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INPUT/OUTPUT PORTS

The ST6260B and ST6265B microcontroller have
respectively 13 and 21 Input/Output lines that can
be individually programmed either in the input
mode or the output mode with the following soft-
ware selectable options:

— Input without pull-up and without interrupt

— Input with pull-up and with interrupt

— Input with pull-up without interrupt

— Analog inputs (PA0-PA7, PCO-PC4)

— Timer 1 /O line (PC1, not available on ST6260B)
— AR Timer /O lines (PB6, PB7)

— SPI control signals (PC2-PC4)

— Push-pull output

— Standard Open drain output

— 20mA Open drain output PB lines.

The lines are organized in three Ports (Port A, B
and C).

Each port occupies 3 registers in the data space.
Each bit of these registers is associated with a
particular line (for instance, the bits 0 of the Port A
Data, Direction and Option registers are associated
with the PAO line of Port A).

Figure 24. 1/0 Port Block Diagram

The three DATA registers (DRA, DRB, DRC), are
used to read the voltage level values of the lines
programmed in the input mode, or to write the logic
value of the signal to be output on the lines config-
ured in the output mode. The port data registers
can be read to get the effective logic levels of the
pins, but they can be also written by the user
software, in conjunction with the related option
registers, to select the different input mode options.

Single-bit operations on I/O registers are possible
but care is necessary because reading in input
mode is done from I/O pins while writing will directly
affect the Port data register causing an undesired
change of the input configuration.

The three Data Direction registers (DDRA, DDRB
and DDRC) allow the selection of the data direction
of each pin (input or output).

The three Option registers (ORA, ORB and ORC)
are used to select the different port options avail-
able both in input and in output mode.

All the 1/0 registers can be read or written as any
other RAM location of the data space, so no extra
RAM cell is needed for port data storing and ma-
nipulation. During the initialization of the MCU, all
the 1/0 registers are cleared and the input mode
with pull-up/no-interrupt is selected on all the pins,
thus avoiding pin conflicts.

SIN CONTROLS RESET \Y ﬁn
DATA VoD l
—+| DIRECTION
REGISTER —. |
— F 1
y L] INPUT/OUTPUT
AT >
REGISTER
SHIFT !,
REGISTER OPTION ||
"l REGISTER
!
~
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ST6260B/65B

INPUT/OUTPUT PORTS (Continued) *

1/0 Pin Programming

Each pin can be individually programmed as input
or output with different input and output configura-
tions. ;

This is achieved by writing the relevant bit in the
data (DR), data direction register (DDR) and option
registers (OR). Table 7 shows all the port configu-
rations that can be selected by user software.

Input Option Description

Interrupt Option. All the input lines can be individu-
ally connected by software to the interrupt lines of
the ST62xx core according to the codes pro-
grammed in the OR and DR registers. The pins of
Port A and B are “ORed” and are connected to the
interrupt associated to the vector #1. Pins of ports
C are “ORed” with the SPI interrupt line and con-
nected to interrupt vector #2. The interrupt modes
(falling edge sensitive, rising edge sensitive) can
be selected by software for each port by program-
ming the IOR register.

Analog Input Option. The PA0-PA7 and PC0-PC4
pins can be configured to be analog inputs accord-
ing to the codes programmed in the OR and DR
registers. These analog inputs are connected to the
on-chip 8-bit Analog to Digital Converter. ONLY
ONE pin should be programmed as analog input at
a time, otherwise the selected inputs will be
shorted.

Table 7. 1/0 Port Options Selection

Figure 25. I/0 Port Data Registers

ORA/BIC

Port A, B, C Data Register
( CCh PA, CDh PB, CEh PC, Read/ Write )

D7|D6{D5{D4|D3|D2{D1|D0

PA7 - PAO Option Bits
PB7 - PBO Option Bits
PC7 - PCO Option Bits

Figure 26. 1/O Port Data Direction Registers

DDRA/B/C

Port A, B, C Data Direction Rfﬂlsters :
(Cah Ph, €5h PB, C6h PC Read? Write )

D7|D6(D5|D4|D3|D2| D1 D0

PA7 - PAO=Data Direction Bits
PB7 - PBO=Data Direction Bits
PC7 - PC0=Data Direction Bits

Figure 27.1/0 Port Option Registers

DRAB/C

Port A, B, C Optoin Registers
(Coh PA, C1h PB, C2h PC, Head/Write)

D7|D6|D5|D4|D3|D2(D1{D0

PA7-PAO = Data Bits
PB7-PB0 = Data Bits
PC7-PCO0 = Data Bits

Note: For complete coding explanation refer to Table 7

DDR OR DR Mode | Option
0 0 0 Input | With pull-up, no interrupt (Reset state)
0 0 1 Input | No pull-up, no interrupt
0 1 0 Input | With pull-up, with interrupt
0 1 1 Input | No pull-up, no interrupt (Port B pins)
Input | Analog input (Ports A and C pins)
1 0 X Output | Open-drain output (20mA sink current for Port B pins)
1 1 X Output | Push-pull output (20mA sink current for Port B pins)

Notes: X. Means don't care.

26/86
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INPUT/OUTPUT PORTS (Continued)

Timer 1 Alternate function Option.

When bit TOUT of register TSCR1 is low, pin
PC1/Timer 1 is configured through the port regis-
ters as any standard pin of Port B. It is in addition
connected to the Timer 1 input for Gated and Event
counter modes. When bit TOUT of register TSCR1
is high, pin PC1/Timer 1 isforced as Timer 1 output,
independently of the port registers configuration.

AR Timer Alternate function Option

When bit PWMOE of register ARMC is low, pin
ARTIMout/PB7 is configured as any standard pin
of port B through the port registers. When PWMOE
is high, ARTIMout/PB7 is the PWM output, inde-
pendently of the port registers configuration.

ARTIMin/PB6 is connected to the AR Timer input. It
is configured through the port registers as any stand-
ard pin of port B. To use ARTIMin/PB6 as AR Timer
input, it must be configured as input through DDRB.

SPI Alternate function Option

PC2/PC4 are used as standard I/O as long as bit
SPCLK of the SPI Mode Register is kept low.

When PC2/Sin is configured as input, it is automat-
ically connected to the SPI shift register input,
independent of the state at SPCLK.

PC3/SOUT is configured as SPI push-pull output by
setting bit 0 of the Miscellaneous Register (address
DDh), regardless of the state of Port C registers.

PC4/SCK is configured as push-pull output clock
(master mode) by programming it as push-pull
output through DDRC register and by setting bit
SPCLK of the SPI Mode Register.

PC4/SCK is configured as input clock (slave mode)
by programming it as input through DDRC register
and by clearing bit SPCLK of the SPI Mode Regis-
ter. With this configuration, PC4 can simultane-
ously be used as an input.

ST6260B/65B

Note. Switching the I/O ports from one state to another
should be done in a way that no unwanted side effects
can happen. The recommended safe transitions are
shown below. All other transitions are risky and should
be avoided during change of operation mode as it is
most likely that there will be an unwanted side-effect
such as interrupt generation or two pins shorted to-
gether by the analog input lines. ’

Single bit instructions (SET, RES, JRR and JRS)
should be used very carefully with Port Aand B data
registers because these instructions make an im-
plicit read and write back of the whole addressed
register byte. In port input mode however data
register address reads from input pins, not from
data register latches and data register information
in input mode is used to set characteristics of the
input pin (interrupt, pull-up, analog input), therefore
these characteristics may be unintentionally repro-
grammed depending on the state of input pins. As
general rule is better to use single bit instructions
on data register only when the whole port is in

output mode. If input or mixed configuration is

needed it is recommended to keep a copy of the
data register in RAM. On this copy it is possible to
use single bit instructions, then the copy register
could be written into the port data register.

SET bit, datacopy
LD a, datacopy
LD DRA, a

The WAIT and STOP instructions allow the ST62xx
to be used in situations where low power consump-
tion is needed. The lowest power consumption is
achieved by configuring 1/Os in input mode with
well-defined logic levels.

The user has to take care not to switch outputs with
heavy loads during the conversion of one of the
analog inputs in order to avoid any disturbance in
the measurement.

Figure 28. State Transition Diagram for Safe Transitions

" Interrupt . Input
pull-up 010 011 1 Analog
BT S S -
pull-up (Reset 000 001 Input
state) . f ........... -
Output Output
Open Drain mlo 1f1 Open Drain
Output Output
Push-pull " — m Push-pull

Note *. xxx = DDR, OR, DR Bits respectively

IO AL
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INPUT/OUTPUT PORTS (Continued)

Table 8. I/0 Port Options Selection

Mode Available At™ Schematic
PAQ-PA7 B
PB0-PB7
PCO0-PC4
Input - \f
Sin, SCK .
ARTIMin, TIM1 1 llj\ , Data in
L [——o/o—> Interrupt
PAO-PA7
PBO0-PB7
Input PCO-PC4
with pull up Sin, SCK L | T ) Datain
ARTIMin, TIM1 ‘L|"‘ |
L(o_> Interrupt
PAO-PA7
PB0-PB7
 Input PCO-PC4 . | .
with pull up ~(2) @ -0 . Data in
with interrupt Sin 1 SGK i 1z
P ARTIMin®), TimM1@ |
nterrupt
Analog Input gg%..l;l(\; - _L ADC
Open drain output PAQ-PA7
5mA PC0-PC4
Open drain output PBO-PB7 |—0<}——< Data out
20mA )
Push-pull output PAO-PA7 _
5mA PC0-PC4
TIM1, Sout, SCK
. — Data out
Push-pull output PBO0-PB7
20mA ARTIMout
VR01992A
Notes:
1. Provided proper configuration. §
2. This configuration is available but should be used with care.
28/86 r SGS-THOMSON
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INPUT/OUTPUT PORTS (Continued)

Figure 29. Peripheral Interface Configuration of SPI, Timer 1 and AR Timer
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ST6260B/65B

TIMERS

The ST6260B/65B offer two on-chip Timer periph-
erals named Timer 1 and Auto-reload Timer. Timer
1 consists of an 8-bit counter with a 7-bit program-
mable prescaler, thus giving a maximum count of
215 and control logic that allows configuring the
peripheral in three operating modes. The Auto-reload

" Timer is an 8-bit Timer with Auto-reload, Input

Capture and Output Compare capabilities. 4
modes are available for PWM, PLL, time measure-
ment and period measurement.

Timer 1

Figure 30 shows the Timer 1 block diagram. An
external Timer pin is available for the user
(ST6265B only). The content of the 8-bit counter
can be read/written in the Timer/Counter register
TCR which is addressed in the data space as a
RAM location at addresses D3h. The state of the
7-bit prescaler is read in the PSC register at ad-
dresses D2h. The control logic device is managed
in the TSCR1 register (addresses D4h) as de-
scribed in the following paragraphs.

The 8-bit counter is decremented by the output
(rising edge) coming from the 7-bit prescaler and
can be loaded and read under program control.
When it decrements to zero then the TMZ (Timer
Zero) bit in the TSCR1 is set to one. If the ETI
(Enable Timer Interrupt) bit in the TSCR1 is also
set to one an interrupt request, associated to
interrupt vector #4, is generated. The interrupt
service routine then should poll bit TMZ in TSCR1
to determine if the interrupt has been generated by
Timer 1 or by the A/D Converter. The Timer 1
interrupt can be used to exit the MCU from the
WAIT mode.

The Timer 1 Prescaler input can be the internal
clock (after Oscillator Divider) divided by 12 or an
external clock at the Timer I/O pin. The prescaler
decrements on the rising edge. Depending on the
division factor programmed by PS2, PS1 and PS0
bits in TSCR1, the clock input of the timer/counter
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register is multiplexed to different sources. On di-
vision factor 1, the clock input of the prescaler is
also that of timer/counter; on factor 2, bit 0 of
prescaler register is connected to the clock input of
TCR1. This bit changes its state with the half
frequency of prescaler clock input. On factor 4, bit
1 of PSC1 is connected to clock input of TCR1, and
so on. The prescaler initialize bit PSI in the TSCR1
register must be setto one to allow the prescaler (and
hence the counter) to start. If it is cleared to zero then
all of the prescaler bits are set to one and the counter,
isinhibited from counting. The prescaler can be given
any value between 0 and 7Fh by writing to addresses
D2h, if bit PSI in the TSCR1 register is set to one.
The tap of the prescaler is selected using the
PS2,PS1,PS0 bits in the control register. Figure 31
shows the Timer 1 working principle.

Timer 1 can be configured in 3 modes using the
TOUT and DOUT bits of the TSCR1 register. These
modes are Event counter, Gated or Output signal.

The internal Timer I/O can in addition be connected
to either the PC1/TIM1 pin or bit DRC1 of the Port
C Data Register depending on the configuration of
bit DDRC1 of the Port C Data Direction Register.
Table 9 summarize the modes of Timer 1.

— Event counter: The Prescaler is decremented at
each rising edge of the Timer I/O. The Timer I/O
is either the PC1/TIM1 pin or the DRC1 bit of the
DRC register depending on DDRC1.

— Gated: The Timer 1 is decremented by the Timer
clock (fint divided by 12) when the internal Timer
1/0 is held high. The Timer /O is either pin
PC1/TIM1 or the DDRCH1 bit of register DDRC.

— Output signal: The PC1/TIM1 pin is connected to
the DOUT latch and is configured as output
regardless of DOUT and DDRC1 bits. The low
to high transition of bit TMZ (when counter
reaches 00h) is used to latch the data previously
stored in DOUT and pass it to the PG1/TIM1
through the Timer I/O. This operating mode al-
lows signal generation.
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Figure 30. Timer 1 Peripheral Block Diagram
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Timer 1 Interrupt

If the software controlled ETI (Enable Timer Inter-
rupt) bit is set, when the counter decrements to
zero, the TMZ bit in the TSCR register is set to one
and an interrupt request associated to interrupt
vector #4 is generated.

Since only one interrupt vector is available for both
Timer 1 and the A/D Converter, the interrupt service
routine should determine from which source the
interrupt came by polling the TMZ bit and the EOC
bit of the A/D Converter Control Register.

Notes:

TMZ is set when the counter reaches 00h; however,
it may be set by writing 00h in the TCR1 register or
setting bit 7 of the TSCR1 register. TMZ bit must be
cleared by user software when servicing the Timer 1
interrupt to avoid undesired interrupts when leaving

Figure 31. Timer 1 Working Principle

the interrupt service routine. After reset, the 8-bit
counter register is loaded to FFh while the 7-bit
prescaler is loaded to 7Fh , and the TSCR1 register
is cleared which means that Timer 1 is stopped and
the Timer 1 interrupt is disabled.

If the Timer 1. is programmed in output mode,
DOUT bit is transferred to the TIM1 pin when TMZ
is set to one (by sofiware or due to counter decre-
ment). When TMZ is high, the latch is transparent
and DOUT is copied to the timer pin. When TMZ
goes low, DOUT is latched.

A write to the TCR1 register will predominate over
the 8-bit counter decrement to 00h function, i.e. if
awrite and a TCR1 register decrement to 00h occur
simultaneously, the write will take precedence, and
the TMZ bit is not set until the 8-bit counter reaches
00h again. The values of the TCR1 and the PSC1
registers can be read accurately at any time.
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Figure 32. Timer Status Control Register

TSCR1

Timer Status Control Register
(D4h T1, Read/ Write

D7{D6(D5|D4|D3|D2|D1|D0

PSO0 = Prescaler Mux. Select
PS1 = Prescaler Mux. Select
PS2 = Prescaler Mux. Select
PSI = Prescaler Inttialze Bit
DOUT = Data Output

TOUT =Timers Output Control|
ETI = Enable Timer Interrupt
TMZ = Timer Zero Bit

TMZ. Low-to-high transition indicates that the timer
count register has decremented to zero. This bit
must be cleared by user software before starting
with a new count.

ETI. This bit, when set, enables the timer interrupt
request (vector #4). If ETI="0" the timer interrupt is
disabled. If ETI=“1" and TMZ="1" an interrupt re-
quest is generated.

TOUT. When low, this bit selects an input mode for
the Timer I/O pin. When high the output mode is
selected.

DOUT. If Timer 1 is in Output mode, DOUT is the
data sent to the PC1/TIM1 pin when TMZ goes
high. DOUT enables discrimination between Event
Counter and Gated modes if TOUT is low.

PSI. Used to initialize the prescaler and inhibit its
counting. When PSI="0" the prescaler is set to 7Fh
and the counter is inhibited. When PSI="1" the pres-
caler is enabled to count downwards. As long as
PSI="0" both counter and prescaler are not running.
PS2, PS1, PS0. These bits select the division ratio
of the prescaler register.

Table 9. Prescaler Division Factors

PS2[PS1]PS0| Divided by [PS2[PS1[PS0] Divided by
0o[o]o 1 INIERE 16
0|1 32
1]0 64
1]1 128

0|01 2 1
o|1}10 4 1
0f[1}1 8 1

Ky, S55.THOMSON

Figure 33. Timer Counter Register

TCR1

Timer Counter Register
D3h T1, Read/ Write

D7|D6|D5{D4|D3(D2{D1{D0
I_— D7-D0 = Counter Bits

Figure 34. Prescaler Register

PSC1

Timer Prescaler Register
D2h T1 Read/ Write

D7|D6|D5(D4|D3|D2{D1| D0

l_____ D6-DO = Prescaler Bits

Always read as ‘0"

Table 10. Modes of Timer 1
TOUT | DOUT | DDRC1

Mode

Event
Counter

Event
Counter

Gated
Gated
Output

Timer /O

0 0 0 PC1/TIM1

o | o 1 DRC1

PC1/TIM1
DRC1
PC1/TIM1

-
ury
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Auto-reload Timer

The Auto-reload Timer (AR Timer) on-chip periph-

eral consists of an 8-bit timer/counter (AR

COUNTER) with compare and capture/reload ca-

pabilities and a 7-bit prescaler with a clock multi-

plexer enabling the clock input to be selected as

fint, finT/3 or external clock. One Mode Control

Register (AR MODE), two Status Control Registers

(ARSCO0, ARSC1), an output pin (ARTIMout/PB7)

and an input pin (ARTIMin/PB6) allow the Auto-reload

Timer to be used in 4 modes:

— Auto-reload (PWM generation),

— Output compare and reload on external event
(PLL),

— Input capture and output compare for time meas-
urement.

— Input capture and output compare for period
measurement.

The AR Timer can be used to wake the MCU from
WAIT mode with either an internal or an external
clock. It also can'be used to wake the MCU from
STOP mode if used with an external clock provided
at pin ARTIMin. A Load register allows the program
to read and write the counter on the fly.

AR Timer Description

The AR COUNTER is an 8-bit up-counter incre-
mented on the clock input rising edge. It is loaded

from the Reload/Capture Register REL/CAP (ad-

dress DSh) for auto-reload or capture operations
as well as for initialization. Direct access to the AR
COUNTER is not possible, however by read-
ing/writing the Load Register AR LOAD (address
DBh) it is possible to read/write the TC counter
content.

The AR Timer input clock is either the internal clock
(from Oscillator Divider), the internal clock divided
by 3 or the ARTIMin pin. Selection between these
clock sources is made through the AR Multiplexer
by bits CC0-CC1 of Register ARSC1. The output
of the AR Multiplexer feeds the AR Prescaler,
ARPSC. ARPSC is a software programmable 7-bit
prescaler. Programming of ARPSC is performed by
the AR Prescaler Multiplexer AR MUX which se-
lects one of the 8 available taps of the prescaler
outputs under the control of PSC0-PSC2 in the
AR Mode Control Register (address D5h). So the
division factor of PSC prescaler can be set to 2"
(wheren =0, 1,..7).
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The clock input to the ARTC counter is enabled by
bit TEN (Timer Enable) in the AR Mode Control
Register. When TEN is cleared to “0” the TC
counter is stopped and the prescaler and counter
contents are frozen. When the TEN bit is set to “1”
the TC counter runs at the rate of the selected clock
source. TG is cleared after system reset.

The ARTC counter can also be initialized by writing
into the load register ARLR, which causes also the
immediate copy of the value into the ARTC counter
regardless of whether ARTC is running or not.
Initialization of ARTC, in both ways, will also clear
the ARPSC in order to start counting from a known
state.

Each interrupt generated by the AR Timer operat-
ing modes is associated to interrupt vector #3.

Timer Operating Modes

Four different operating modes are available for the
AR Timer:

Auto-reload Mode with PWM Generation. This
mode allows a Pulse Width Modulated signal to be
generated on the ARTIMout output pin with mini-
mum Core processing time used.

ARTC is a free running 8-bit counter fed by the
ARPSC prescaler output and is incremented on
every rising edge of the clock signal.

When a counter overflow occurs the ARTC counter
is automatically reloaded with the contents of the
Reload/Capture Register (REL/CAP, address D3Sh)
while ARTIMout is set. When the counter reaches
the value contained in the compare register ARCP,
ARTIMout is reset.

At overflow, the OVF flag of register ARSCO is set
and an overflow interrupt request is generated if the
overflow interrupt enable bit, OVIE in the Mode
Control Register (ARMC, address D5h), is set to
“1”. OVF must be reset to zero by the user software.

When the counter reaches the compare value the
CPF flag of register ARSCO is set and a compare
interrupt request is generated if the Compare Inter-
rupt enable bit, CPIE, in the Mode Control Register
(ARMC, address D5h), is set to one. The interrupt
service routine may then adjust the PWM period by
loading a new value into ARCP. CPF must be reset
to zero by software.

The PWM signal is generated at ARTIMout (refer
to block diagram) connected to the ARTIMout out-
put pin. The frequency of this signal is controlled by
the prescaler and by the auto-reload value present
in the Reload/Capture register ARRC (address
D9h). The duty cycle of the PWM signal is control-
:gghl)ay the Compare Register (ARCP, address




ST6260B/65B

TIMERS (Continued)

Figure 35. AR Timer Block Diagram
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Note that the reload values will also affect the value
and the resolution of the duty cycle of PWM output
signal. To achieve a ARTIMout signal the contents
of the ARCP register must be greater than the
contents of the ARRC register.

The maximum available resolution for the ARTIMout
duty cycle is:
Resolution = 1/[255-(ARRC)]

Where ARRC is the content of Reload/Capture
register and the compare value loaded in the Com-
pare Register, ARCP, must be in the range from
(ARRC) to 255.

Figure 36. Auto-reload Timer PWM Function

The initialization of the ARTC counter is made by
writing into the ARRC register, then by setting the
TCLD (Timer Load) and the TEN (Timer Clock
Enable) bits in the Mode Control register ARMC.

The enable and the selection of clock sources are
controlled by CCO, CC1, SLO and SL1 bits in the
Status Control Register ARSC1. The prescaler di-
vision ratio is selected by PS0, PS1 and PS2 bits
in the ARSC1 Register.

In Auto-reload Mode any clock source can be se-
lected: Internal Clock, Internal Clock divided by 3
or the signal at the ARTIMin input pin.
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Capture Mode with PWM Generation. In this
case, ARTC is a free running 8-bit counter fed by
the PSC prescaler output. ARTC is incremented on
every clock rising edge.

An 8-bit capture operation from ARTC counter to
ARRC register is performed on every active edge
at ARTIMin/PC Input pin when enabled by Edge
Control bits SLO, SL1 in the ARSC1 register. Atthe
same time the External Flag EF, in the ARSCO
register, is set and an external interrupt request is
generated if the External Interrupt Enable bit EIE,
in the ARMC register, is set to one. The EF flag
must be reset by software.

Each ARTC overflow sets ARTIMout, while a match
between ARTC and ARCP (Compare Register)
contents resets ARTIMout and sets the compare
flag CPF and the compare interrupt request is
generated if the related compare interrupt enable
bit CPIE is set. A PWM signal is generated at
ARTIMout. The CPF flag must be resetby software.

The frequency of this signal is controlled by the
prescaler. The duty cycle is controlled by register
ARCP from 0-255/256.

Initialization and reading of ARTC counter are
made in the same way as in the auto-reload mode
(see previous paragraph).

The enable and selection of clock sources is con-
trolled by CCO, CC1 bits in the AR Status Control
Register ARSC1.

The prescaler division ratio is selected by PS0, PS1
and PS2 bits in the ARSC1 Register.

In Capture mode the possible clock sources are the
internal clock and the internal clock divided by 3;
the external ARTIMin input pin should not be used.

Capture Mode with Reset of ARTC, ARPSC and
PWM Generation. This mode is identical to the
previous one, with the difference that a capture
condition also resets the ARTC counter and
ARPSC prescaler allowing easy measurement of
the time between two captures (for input period
measurement on ARTIMin pin).

57 SGS-THOMSON

Load on External Input. ARTC is a free running
8-bit counter fed by the ARPSC prescaler. TC is
incremented on every clock rising edge.

Each ARTC overflow sets the ARTIMout. A match
between ARTC and ARCP (Compare Register)
contents resets the ARTIMout and sets the com-
pare flag CPF and the compare interrupt request is
generated if the related compare interrupt enable
bit CPIE is set. A PWM signal is generated at
ARTIMout. The CPF flag must be reset by software

The initialization of ARTC can be done in the same
way as described in the previous paragraph. In
addition if the external ARTIMin input is enabled,
an active edge on the input pin will copy the con-
tents of the ARRC register into the ARTC counter,
whether ARTC is running or not.

Notes:

The allowed AR Timer clock sources are the follow-
ing:

AR Timer mode Clock Sources

fint, fint/3, ARTIMIn

Auto-reload mode

Capture mode fint, finsa
Capture/Reset mode fin, fintia
External Load mode fint, finTza

The timer clock frequency should not be modified
while ARTC is counting as the ARTC counter may
take an unpredictable value. For example the mul-
tiplexer setting should not be modified while ARTC
is counting.

Any loading of ARTC (by auto-reload, through
ARLR, ARRC or by the Core) resets ARPSC at the
same time.

Care should be taken when both the Capture inter-
rupt and the Overflow interrupt are used. The cap-
ture and the overflow are asynchronous. If the
capture occurs when the Overflow Interrupt Flag
(OVF) is high (between counter overflow and the
flag being reset by software in the interrupt routine),
the External Interrupt Flag (EF) could be cleared
simultaneusly without the interrupt being taken into
account.

The solution consists in resetting the OVF flag by
writing 03h in the ARSCO register. The value of EF
is not affected by this operation. If an interrupt has
occured, it will be processed when the micros exits
from the interrupt routine (the second interrupt is
latched).
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AR Timer'Registers

Mode Control Register ARMC. The AR Mode
Control Register ARMC is used to program the
different operation modes of AR Timer, to enable
the clock of the Timer/Counter and to initialize it. It
canbe read and written by the Core anditis cleared
to zero on system reset (AR Timer is disabled).

Figure 37. AR Mode Control Register

AR MC

AR Mode Control Register
(D5Sh, Read/ Write;

D7|D6|D5(D4|D3|D2(D1|D0O

I |— ARMCO = Mode Control Bit 0
ARMC1 = Mode Control Bit 1

OVIE = Overflow Interrupt
Enable

CPIE = Compare Interrupt Enable|
EIE = Extemal Intennupt Enable
PWMOE = PWM Output Enable
TEN = Timer Clock enable

TCLD =Timer Load Bit

TCLD. This bit, when set to one, will cause the
contents of ARRC register to be loaded into the
ARTC counter and the contents of ARPSC register
are cleared in order to initialize the timer before
starting to count. This bit is write only and any
attempt to read it will show a logical zero.

TEN. This bit, when set to one, will allow the timer
to count. When cleared to zero it will stop the timer
and freeze the ARPSC and ARTSC values.

PWMOE. This bit, when set, enables the PWM
output to be carried on ARTIMout output pin. When
cleared to zero the PWM output is disabled.

EIE. This bit, when set, enables the external inter-
rupt request. If EIE = “0” the external interrupt
request is masked. If EIE = “1” and the related flag
EF in the ARSCO register is also set an interrupt
request is generated.

CPIE. This bit, when set, enables the compare
interrupt request. If CPIE = “0” the compare inter-
rupt request is masked. If CPIE =“1"and the related
flag CPF into the ARSCO register is also set an
interrupt request is generated.

OVIE. This bit, when set, enables the overflow
interrupt request. If OVIE = “0” the compare inter-
rupt request is masked. If OVIE = “1” and the
related flag OVF into the ARSCO register is also set,
an interrupt request is generated.
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ARMC1, ARMCO. These are the operation mode
control bits. The following bit combination will select
the different operating modes:

ARMC1 ARMCO Operating Mode
0 0 Auto-reload Mode
0 1 Capture Mode
1 0 Capture Mode with Reset
of ARTC and ARPSC
1 1 Load on External Edge
Mode

AR.Timer Status/Control Registers ARSCO0 &
ARSC1. These registers provide the AR Timer
status information bits and also allows the pro-
gramming of clock sources, active edge and pres-
caler multiplexer programming.

ARSCO register bits 0,1 and 2 contains the interrupt
flags of the AR Timer. These bits are read normally.
Each one can be reset by writing a zero. Writing a
one does not affect the bit value.

Figure 38. AR Status Control Register 0

ARSCO

AR Status Control Register 0
(D6h, Read/Clear)

D7|D6(D5|D4[D3|D2(D1|D0

I— OVF Overflow Interrupt Flag
CPF Compare Interrupt Flag

EF External Interrupt Flag
Unused

EF. This bit is set to one by any active edge at the
external ARTIMin input pin. The flag is cleared by
writing a zero in the EF bit.

CPF. This bit is set to one if the contents of ARTC
counter and ARCP register are equal. The flag is
cleared by writing a zero into CPF bit.

OVF. This bit is set to one by a transition of TC
counter from FFh to 00h. The flag is cleared by
writing a zero into OVF bit.
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Figure 39. AR Status Control Register 1 SL1 SLO Edge Detection
ARSC1 X 0 Disabled
AR Status Control Register 1 0 1 Rising Edge
(D7h, Read/ Write)
1 1 Falling Edge

D7{D6(D5|D4|D3|D2|D1|D0

|— CCO0 = Clock Source Select Bit 0
CC1 = Clock Source Select Bt 1
SLO Timer Input Edge Control Bit 0
SL1 Timer Input Edge Control Bit 1
Reserved

PS0 Prescaler Dwision Select Bit 0
PS1 Prescaler Dvision Select Bit 1
PS2 Prescaler Dvision Select Bit 2

PS2-PS0. These bits control the AR Prescaler divi-
sion ratio. The prescaler itself is not affected by
these bits. The AR PSC division is listed in the
following Table 11:

Table 11. Prescaler Division Ratio Selection

PS2 PS1 PS0 ARPSC Division Ratio
0 0 0 1
0 0 1 [ 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

D4. Reserved. Must be kept to 0.

SL1-SL0. These bits control the edge function on
AR Timer input pin for external synchronization. If
bit SLO is cleared to zero the edge detection is
disabled, if set to one the edge detection is en-
abled. If bit SL1 is cleared to zero the AR Timer
input pin is rising edge sensitive, if set to one it is
falling edge sensitive.

K37, SSTIONEON

CC1-CCO0. These bits select the clock source for
the AR Timer through the AR Multiplexer. The
programming of the clock sources is explained in
the following Table 12:

Table 12. Clock Source Selection

CC1_|CCO |Clock Source
0 0 Fint
0 1 Fint Divided by 3
1 0 ARTIMin Input Clock
1 1 Reserved

AR Load Register ARLR. The ARLR load register
is used to read or write “on the fly” the ARTC
counter register, while it is counting. ARLR register
is not affected by system reset.

Figure 40. AR Load Register

ARLR

AR Load Register 1
(DBh, Read /Write)

D7|D6{D5(D4|D3|D2|D1{D0

I—-——— Load Register Data Bits

D7-D0. These are the load register data bits.
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AR Reload/Capture Register. The ARRC re-
load/capture register is used to hold the auto-re-
load value that is automatically loaded into ARTC
counter from ARRC when overflow occurs.

Figure 41. AR Reload/Capture

REL/ICAP

Reload/Capture Register 1
(D9h, Read /Write)

D7|D6|D5|D4}D3|D2|D1|D0
I——- Reload/Capture Data Bits

D7-D0. These are the Reload/Capture register
data bits.

AR Compare Register. The CP compare register
is used to hold the compare value to perform the
compare function with TC counter.

40/86 Lyy SGS-THOMSO
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Figure 42. AR Compare Register

ARCP

AR Compare Register 1
(DA, Read /Write)

D7|D6|D5{D4|D3|D2|D1]|D0O

l— Compare Data Bits

D7-DO0. These are the Compare register data bits.
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DIGITAL WATCHDOG

The digital Watchdog of the ST6260B/65B device
consists of a down counter that can be used to
provide a controlled recovery from a software up-
set.

The Watchdog generates a system reset when the
counter passes 00h. User software can prevent the
reset by reloading the counter. User software
should therefore be written in such a way that the
counter is regularly reloaded as long as the soft-
ware runs correctly. In the case of software upset
(e.g. infinite loop or power supply fail), user soft-
ware should not reload the counter so it will pass
00h and reset the MCU.

The Watchdog activation (hardware or software) is
user selectable by mask option. If the hardware
option is selected the Watchdog is automatically
initialized after reset so that this function does not
need to be activated by the user program.

The Watchdog uses one data space register
(DWDR location D8h). The Watchdog register is
set to FEh on reset and counts down when acti-
vated. The Watchdog time can be adjusted through
the value reloaded into the DWDR register. Only
the 6 MSbits are significant. This gives the possi-
bility to generate a reset in a time between 3072 to
196608 clock cycles in 64 possible steps (with a
clock frequency of 8MHz this means from 384s to
24.576ms). The reset is prevented if the register is
reloaded before bits 2-7 decrement from all zeros
to all ones. :

The actual watchdog behaviour is controlled by two
mask options: the WATCHDOG ACTIVATION and
the EXTERNAL STOP MODE CONTROL (see Ta-
ble 13).

The WATCHDOG ACTIVATION can be software (it
is launched by software) or hardware (it automat-
ically starts counting down after reset). When the
software activation is selected, the watchdog can
be launched by setting to 1 bit 0 of the Digital
Watchdog Register after bit SR of this register has
been setto 1. Once activated, the watchdog cannot
be stopped by software: a full external reset is
mandatory.

When the EXTERNAL STOP MODE CONTROL is
disabled, the STOP instruction is inhibited as soon
as the watchdog is active. A WAIT instruction is
processed instead and the watchdog continues to
countdown. When the EXTERNAL STOP MODE
CONTROL is enabled, the NMI pin allows, in addi-
tion to the interrupt generation, to control the exe-
cution of the STOP instruction. It is inhibited when

‘ SGS-THOMSON
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Figure 43. Watchdog Working Principle
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NMI is low (a WAIT instruction is processed in-
stead). When NMI is high, a STOP instruction
freezes the watchdog counter before entering the
STOP mode. When the micro exits from the STOP
mode (for example, when an NMI interrupt is gen-
erated), the watchdog resumes activity. When the
EXTERNAL STOP MODE CONTROL is enabled,
port PBO is in addition forced as open drain output.

Note:

When the software activation is selected and the
watchdog is not activated, the 7 MSbits of the
counter can be used to perform timer functions.
Care must be taken as the Watchdog bits are in
reverse order.

Bit 1 of the Watchdog register (set to one at reset)
can be used to generate a software reset if cleared
to zero.
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DIGITAL WATCHDOG (Continued)

Table 13. Watchdog Activation and External Stop Mode Control -

— External Stop
Activation Mode C ontrol_ NMI STOP Mode Status
Disabled X No STOP mode
Hardware 0 No STOP mode
Enabled
STOP mode available
) STOP mode available if
S X watchdog not active
Software 0 STOP mode available if
Enabled watchdog not active
1 STOP mode available

Figure 44. Digital Watchdog Register

DWDR

Watchdog Register
(D8h, Read/Write)

D7 |D6|D5|D4|D3|D2|D1|D0

I L C = Watchdog Activation Bit
SR = Software Reset Bit

T1-T6 = Counter Bits

C. This is the Watchdog activation bit. If hardware
option is selected, it is forced high and the user
cannot change it (the Watchdog is always active).
When the software option is selected, the Watch-
dog function is activated by setting C to 1. It can
then be cleared only by a system reset and is not
affected by the STOP Mode Control option. When
C is kept low the counter can be used as a 7-bit
timer.

When cleared to zero it allows the use of the
counter as a 7-bit timer. This bit is cleared on reset.
SR. This bit is set to one during the reset and will
generate a software reset if cleared to zero. When C =
“0” (watchdog disabled) it is the MSB of the 7-bit timer.
T1-T6. These are the watchdog counter bits. It

must be noted that D7 (T1) isthe LSB of the counter
and D2 (T6) is the MSB of the counter.
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Application note:

The watchdog has an important role in the high
noise immunity of the ST62 devices. It should there-
fore be used wherever possible. The watchdog
related options must be selected as a tradeoff be-
tween application security and STOP mode avail-
ability. When the STOP mode is not required, the
hardware activation with External STOP Mode Con--
trol disabled should be preferred as it provides
maximum security, especially during power on.
When the STOP mode is required, the hardware
activation with External STOP Mode Control en-
abled should be chosen. NMI should be high by
default to allow the STOP mode to be entered when
no specific action is required. When NMI goes low,
processing is required, so security becomes impor-
tant: it is provided by the automatically started
watchdog.

Connecting pin NMI to PBO (see Figure 46) in
addition allows a software control of the level at
the NMI pin. With PBO being forced as open drain
output, it can then be used to maintain NMI low for
as long as maximum security must be guaranteed
or to avoid key bounces or noise. When no more
processing is required, PBO must be released and
a STOP instruction can be executed for the device
returns to the low power consumption mode (pro-
vided the NMI signal is high).
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DIGITAL WATCHDOG (Continued)

Software activation should be used only when the
watchdog counter must be used as timer. To ensure
the watchdog has not been unexpectantly turned
on, the following instructions should be executed
within the first 27 instructions.

jrr 0, WD, #+3
1di WD, OFDH

These instructions test the C bit and reset it (i.e.
deactivate the watchdog) if relevant (i.e. if the
watchdog is active) by performing a software reset.

With all modes, a minimum of 28 instructions are
executed after activation before the watchdog can
generate a reset. Consequently, user software
must reload the watchdog counter within the first
27 instructions following watchdog activation (soft-
ware mode) or the first 27 instructions executed
after a reset (hardware activation).

Figure 45. Digital Watchdog Block Diagram

Figure 46. Typical circuit to be used when the
EXTERNAL STOP MODE CONTROL is enabled
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ST6260B/65B

8-BIT A/D CONVERTER

The A/D converter of ST6260B/65B device is an
8-bit analog to digital converter with up to 7
(ST6260B) and up to 13 (ST6265B) analog inputs
(as alternate functions of 1/O lines PA0-PA7, PCO-
PC4) offering 8-bit resolution with total accuracy
+2 LSB and a typical conversion time of 70us
(clock frequency of 8MHz).

The A/D peripheral converts the input voltage by a
process of successive approximations using a
clock frequency derived from the oscillator with a
division factor of twelve. With an oscillator clock
frequency less than 1.2MHz, the A/D converter
accuracy is decreased.

The selection of the pin signal that has to be
converted is done by configuring the related I/O line
as analog input through the 1/O ports option and
data registers (refer to /O ports description for
additional information). Only one I/O line must be
configured as analog input at a time. The user must
avoid the situation in which more than one 1/0 pin
is selected to be analog input to avoid malfunction
of the ST62xx.

The ADC uses two registers in the data space: the
ADC data conversion register which stores the
conversion result and the ADC control register used
to program the ADC functions.

A conversion is started by writing a “1” to the Start
bit (STA) in the ADC control register. This automat-
ically clears (resets to “0”) the End Of Conversion
Bit (EOC). When a conversion has been finished

this EOC bit is automatically set to “1” in order to.

flag that conversion is complete and that the data
in the ADC data conversion register is valid. Each
conversion has to be separately initiated by writing
to the STA bit.

The STA bit is continually being scanned so that if
the user sets it to “1” while a previous conversion
is in progress then a new conversion is started
before the previous one has been completed.The
start bit (STA) is a write only bit, any attempt to read
it will show a logical “0”.

The A/D converter has a maskable interrupt asso-
ciated to the end of conversion. This interrupt is
associated to the interrupt vector #4 and occurs
when the EOC bit is set, i.e. when a conversion is
completed. The interrupt is masked using the EAI
(interrupt mask) bit in the control register.

The power consumption of the device can be re-
duced by turning off the ADC peripheral. That is
achieved when the PDS bit in the ADC control
register is cleared to “0". If PDS="1", the A/D is
supplied and enabled for conversion. This bit must
be set at least one instruction before the beginning
of the conversion to allow the stabilization of the
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Figure 47. A/D Converter Block Diagram
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A/D converter. This action is needed also before
entering the WAIT instruction as the A/D compara-
tor is not automatically disabled by the WAIT mode

During reset any conversion in progress is stopped,
the control register is reset to 40h and the A/D
interrupt is masked (EAI=0).

Notes:

The ST62xx A/D converter does not feature a
sample and hold. The analog voltage to be meas-
ured should therefore be stable during the conver-
sion time. Variation should not exceed +1/2 LSB for
the best accuracy in measurement. Alow pass filter
can be used at the analog input pins to reduce input
voltage variation during the conversion.

When selected as an analog channel, the input pin
is internally connected to a capacitor Cad of typi-
cally 12pF. For maximum accuracy, this capacitor
must be fully loaded at conversion start. In the
worst case, conversion starts one instruction (6.5
ps) after the channel has been selected. In the
worst case conditions, the impedance ASI of the
analog voltage source is calculated using the fol-
lowing formula :

6.5 us =9 x Cad x ASI

(capacitor loaded over 99.9%), ie 30 kQ including
50% guardland. ASI can be higher if Cad has been
loaded for a longer time by adding instructions
before conversion start (adding more than 26 CPU
cycles is meaningless).

Since the ADC is on the same chip as the micro-
processor the user should not switch heavily
loaded output signals during conversion if high
precision is needed. This is because such switch-
ing will affect the supply voltages which are used
for comparisons.
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8-BIT A/D CONVERTER (Continued)

The accuracy of the conversion depends on the
quality of the power supply voltages (Vop and Vss).
The user must specially take care of applying regu-
lated reference voltage on the Vpp and Vss pins
(the variation of the power supply voltage must be
inferior to 5V/ms). This implies in particular that a
suitable decoupling capacitor is used at Vpp.

The converter can resolve the input voltage with a
resolution of:

Vop - Vss
256

The Input voltage (Ain) which has to be converted
must be constant for 1us before conversion and
remain constant during the conversion.

The resolution of the conversion can be improved
if the power supply voltage (Vbp) of the microcon-
troller becomes lower. )

In order to optimize the resolution of the conver-
sion, the user can configure the microcontroller in
the WAIT mode because this mode allows the
minimization of the noise disturbances and the
variations of the power supply voltages due to the
switching of the outputs. Nevertheless, it must be
take care of executing the WAIT instruction as soon
as possible after the beginning of the conversion
because the execution of the WAIT instruction may
provide a small variation of the Vpp voltage (the
negative effect of this variation is minimized at the
beginning of the conversion because the latter is
less sensitive than the end of the conversion when
the less significant bits are determined).

The best configuration from a accuracy point of
view is the WAIT mode with the Timerand AR Timer
stopped. Indeed, only the ADC peripheral and the
oscillator are still working. The MCU has to be
wake-up from the WAIT mode by the interrupt of
the ADC peripheral at the end of the conversion. It
must be noticed that the wake-up of the microcon-
troller could be done also with the interrupt of the
TIMER, but in this case, the Timer is working and
some noise could disturb the converter in terms of
accuracy.

Figure 48. A/D Converter Control Register

ADCR

A/D Converter Control Register
(D1h, Read/Write)

D7|D6|D5{D4|D3|D2|D1|D0

i: Analog Pin Select

Clock Select

PDS = Power Down Selection
STA = Start of Conversion
EOC = End of Conversion
EAIl = Enable A/D Interrupt
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EAL. If this bit is set to one the A/D interrupt (vector
#4) is enabled, when EAI=0 the interrupt is dis-
abled.

EOC. Read Only;This read only bit indicates when
a conversion has been completed. This bit is auto-
matically reset to zero when the STA bit is written.
If the user is using the interrupt option then this bit
can be used as an interrupt pending bit. Data in the
data conversion register are valid only when this bit
is set to one.

STA. Write Only; Writing a “1” in this bit will start a
conversion on the selected channel and automat-
ically reset to zero the EOC bit. If the bit is set again
when a conversion is in progress, the present
conversion is stopped and a new one will take
place. This bit is write only, any attempt to read it
will show a logical zero.

PDS. This bit activates the A/D converter if set to
“1”. Writing a zero into this bit will put the ADC in
power down mode (idle mode).

D3-DO0. Not used

Figure 49. A/D Converter Data Register

ADR

A/D Converter Data Register
(DOh, Read Only)

D7(D6|D5|D4|D3|D2|D1 (D0

\— D7-D0 = 8 Bit A/D Result

45/86

147



ST6260B/65B

SERIAL PERIPHERAL INTERFACE SPI

The ST6260B/65B SPI is an optimized synchro-
nous serial interface with programmable transmis-
sion modes and master/slave capabilities
supporting a wide range of industry standard SPI
specifications. The ST6260B/65B SPl is controlled
by simple user software to perform serial data
exchange with low-cost external memory or serially
controlled peripherals for display or driving motors
or relays. The peripheral is composed of an 8-bit
data/shift register DSR (address EOh), by a Divide
register DIV (address E1h) and by a mode control
register MOD (address E2h).

The SPI may be used as either a Master or a Slave
Unit. The Master is defined by the synchronous
serial clock line SCK being supplied by the MCU,
while the Slave mode accepts external data with
the SCK clock externally supplied. For the Master
mode of the SPI, SCK is internally generated with
a frequency derived from a programmable division
ratio of the Oscillator Clock divided by 13. Input may
also be disabled in Master mode for data security.

For maximum versatility the SPI can be pro-
grammed to sample the data on either the rising or
the falling edge of SCK, and with or without a phase
shit. ‘

Figure 50. SPI Block Diagram

The Sin, Sout and SCK (SPI Data in, Data out and
Clock signals respectively) signals are connected,
as alternate functions, to 1/0 pins PC2-PC4. PC2
is connected with the SPI Serial Data Input Sin,
PC3 is connected with the SPI Serial Data Output
Sout and PC4 is connected with the SPI Clock
Input/Output SCK.

For serial input operation PC2/Sin must be config-
ured as input. For serial output operation,
PC3/Sout alternate function is selected by pro-
gramming Bit 0 of Miscellaneous Register (address
DDh); writing a zero will set the pin as PC3 I/0 line
while writing a one will select the SPI Sout function-
ality. The serial clock Input mode is selected if the
PC4 port pin is programmed in input mode and bit
SPCLK is cleared. The output mode is selected if
PC4 is programmed in output mode and SPCLK is
setto 1.

An interrupt request can be associated to the end
of transmission. This request is associated to inter-
rupt vector #2 and can be masked by programming
bit SPIE of the SPI MOD register. As the SPI
interrupt is “ORed” with Port C interrupt source, an
interrupt flag bit is available in the DIV register
allowing the discrimination of the interrupt request.
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SERIAL PERIPHERAL INTERFACE SPI (Continued)

SPI Registers
SPI MODE (SPIMOD) Control Register

The MOD control register defines and controls the
transmission modes and characteristics.

This register is read/write and all bits are cleared at
reset. The configuration of SPSTRT = 1 and SPIN = 1
is not allowed and must be avoided.

Figure 51. SPI MOD Control Register

MOD

SPIMOD Control Register
(E2h, Read/ Write;

07|p6|p5|D4|D3|D2|D1 DO

L CPOL = Clock Polartty
Selection

EFILT = Enable Filters
SPSTRT = Start Selection
SPIN = Register Input

SPCLK = Base Clock Selection|
CPHA = Clock Phase Selection)
SPIE = SP! Interrupt Enable
SPRUN = SPI Actwity Flag

SPRUN. This bitis the SPI activity flag. This can be
used in either read or write modes; it is automat-
ically cleared by the SPI at the end of a transmis-
sion and generates an interrupt request (providing
that the SPIE Interrupt Enable bit is set). The Core
can stop the running transmission at any time by
resetting the SPRUN bit; this will also generate an
interrupt request (providing that the SPIE Interrupt
enable bit is set). The SPRUN bit can be used as
the start bit, in conjunction with the SPSTRT bit,
when an external signal is present on the Sin pin.

SPIE. This bit is the SPI Interrupt Enable bit. If this
bit is set to one the SPI interrupt (vector #2) is
enabled, when SPIE = “0" the interrupt is disabled.

CPHA. This bit selects the clock phase of the clock
signal. If this bit is cleared to zero the normal state
is selected; in this case Bit 7 of the data frame is
present on Sout pin as soon as the SP! Shift
Register is loaded. If this bit is set to one the shifted
state’ is selected; in this case Bit 7 of data frame is
present on Sout pin on the first falling edge of Shift
Register clock. The polarity relation and the division

"_l SGS-THOMSON

ratio between Shift Register and SP1base clock are
also programmable; refer to DIV register and Tim-
ing Diagrams for more information.

SPCLK. This bit selects the SPI base clock source.
It is either the core cycle clock (fint/13) (Master
mode) or the signal provided at SCK pin by an
external device (slave mode). If SPCLK is low and
the SCK pin is configured as input, the slave mode
is selected. If SPCLK is high and the SCK pin is
configured as output, the master mode is selected.
In this case, the phase and polarity of the clock are
controlled by CPOL and CPHA.

SPIN. This bit enables the transfer of the data input
to the Shift Register in received mode. If this bit is
cleared to zero the Shift Register input is 0. If this
bit is set to one the Shift Register input corresponds
to the input signal present on the Sin pin.

SPSTRT. This bit selects the transmission start
mode. If this bit is cleared to zero the internal start
condition occurs as soon as the SPRUN bit is
enabled (set to one). If this bit is set to one, the
internal start signal is the logic “AND” between the
SPRUN bit and the external signal present on the
Sin pin; in this case transmission will start after the
latest of both signals providing that the first signal
is still present. After the transmission has been
started, it will continue evenif the Sin signalis reset.

EFILT. This bit enables/disables the input noise
filters on the Sin and SCK inputs. If it is cleared to
zero the filters are disabled, if set to one the filters
are enabled. These noise filters will eliminate any
pulse on Sin and SCK with a pulse width smaller
than one to two Core clock periods (depending on
the occurrence of the signal edge with respect to
the Core clock edge). For example, if the
ST6260B/65B runs with an 8MHz crystal, Sin and
SCK will be delayed by 125 to 250ns.

CPOL. This bit controls the relationship between
the data on the Sin and Sout pins and SCK. The
CPOL bit selects the clock edge which captures
data and allows it to change state. It has the
greatest impact on the first bit transmitted (the
MSB) as it does (or does not) allow a clock transi-
tion before the first data capture edge.

Refer to the timing diagrams at the end of this
section for additional details. These show the rela-
tionship between CPOL, CPHA and SCK, and in-
dicate the active clock edges and strobe times.
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SERIAL PERIPHERAL INTERFACE SPI (Continued)

SPI Divide (SPIDIV) Register )
The SPIDIV register defines the SPI transmission
rate and frame format. It also contains the interrupt
flag bit.

Bits CD0-CD2, DIV3-DIV6 are read/write while
SPINT can be read and cleared only. Write access
is not allowed if the SPRUN bit of Mode Control
register is set to one. All bits are cleared at reset.

Figure 52. SPI DIV Register

DIV

SPI DIV Register
(E1h, Read/Write)

D7|D6|D5|D4|D3|D2(D1{D0

; CD2 - CDO = Base/Bit Clock
Rate Selection

DIV6 - DIV3 = Burst Mode Bit
Clock Period Selection

SPINT = Interrupt Flag

SPINT/DIV7?. This is the SPI interrupt flag bit. It is
automatically set to one by the SPI at the end of a
transmission and an interrupt request can be gen-
erated in accordance with the state of the interrupt
mask bit into the MOD control register. This bit is
read only and has to be cleared by the user soft-
ware at the end of the interrupt service routine.

DIV6-DIV3. These bits define the number of shift
register bits that are transmitted in a transmission
frame. The available selections are listed in Table 14.
The normal setting is 8 bits.

CD2-CDO0. These bits define the division ratio be-
tween the core clock (finT divided by 13) and clock
supplied to the Shift Register in Master mode.
SPI Data Shift (DSR) Register

SPIDSR is the SPI data shift register.

The Shift Register transmits and receives the Most
Significant bit as the first bit.

Table 14. Base/Bit Clock Ratio Selection

Table 15. Burst Mode Bit Clock Periods

DIV6-DIV3 Number of bits sent
0000 Reserved (not to be used)
0001 1

0010 2

0011 3

0100 4

0101 5

0110 6

0111 7

1000 8

1001 9

1010 10

1011 11

1100 12

1101 13

1110 14

1111 15

CD2-CD0 Divide Ratio (decimal)
0 0 O Divide by 1

0 0 1 Divide by 2

01 0 Divide by 4

0o 1 1 Divide by 8

1 0 0 Divide by 16

1 0 1 Divide by 32

11 0 Divide by 64

11 1 Divide by 256
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SPIDSR is read/write, however write access is not
allowed if the SPRUN bit of Mode Control register
is set to one.

DSR7-DSRO. These are the SPI shift register data
bits.

Data is sampled into DSR on the SCK edge deter-
mined by the CPOL and CPHA bits. The affect of
these setting is shown in the following diagrams.

Figure 53. SPI Data/Shift Register

SPIDSR

SPI Data/Shift ngister
( EOh Read/Write )

D7|D6|D5(D4{D3|D2|D1|D0

I— Data Bits

Figure 54. Miscellaneous Register

Miscellaneous

Miscellaneous Register
(DDh, Read/ Write)

D7|D6|D5{D4|D3|D2|D1}D0

—l:ano

Reserved

Bit 0. This bit, when set, selects pin PC3/Sout as
the SPI output line. When this bit is cleared to zero,
PC3/Sout acts as a standard /O line.
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SERIAL PERIPHERAL INTERFACE (Continued)
SPI Timing Diagrams

Figure 55. CPOL = 0 Clock Polarity Normal, CPHA = 0 Phase Selection Normal
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Figure 56. CPOL = 1 Clock Polarity Inverted, CPHA = 0 Phase Selection Normal
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Figure 57. CPOL = 0 Clock Polarity Normal, CPHA = 1 Phase Selection Shifted
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Figure 58. CPOL =1 Clock Polarity Inverted CPHA = 1 Phase Selection Shifted
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SOFTWARE DESCRIPTION

The ST62xx software has been designed to fully
use the hardware in the most efficient way possible
while keeping byte usage to a minimum; in short to
provide byte efficient programming capability. The
ST62xx core has the ability to set or clear any
register or RAM location bit of the Data space with
asingle instruction. Furthermore, the program may
branch to a selected address depending on the
status of any bit of the Data space.

Addressing Modes

The ST62xx core has nine addressing modes
.which are described in the following paragraphs.
The ST62xx core uses three different address
spaces : Program space, Data space, and Stack
space. Program space contains the instructions
which are to be executed, plus the data for imme-
diate mode instructions. Data space contains the
Accumulator, the X,Y,V and W registers, peripheral
and Input/Output registers, the RAM locations and
Data ROM locations (for storage of tables and
constants). Stack space contains six 12-bit RAM
cells used to stack the return addresses for subrou-
tines and interrupts.

Immediate. In the immediate addressing mode,
the operand of the instruction follows the opcode
location. As the operand is a ROM byte, the imme-
diate addressing mode is used to access constants
which do not change during program execution
(e.g., a constant used to initialize a loop counter).

Direct. In the direct addressing mode, the address
of the byte that is processed by the instruction is
stored in the location that follows the opcode. Direct
addressing allows the user to directly address the
256 bytes in Data Space memory with a single
two-byte instruction.

Short Direct. The core can address the four RAM
registers X,Y,V,W (locations 80h, 81h, 82h, 83h) in
the short-direct addressing mode . In this case, the
instruction is only one byte and the selection of the
location to be processed is contained in the op-
code. Short direct addressing is a subset of the
direct addressing mode. (Note that 80h and 81h
are also indirect registers).

Extended. In the extended addressing mode, the
12-bit address needed to define the instruction is
obtained by concatenating the four less significant
bits of the opcode with the byte following the op-
code. The instructions (JP, CALL) that use the
extended addressing mode are able to branch to
any address of the 4K bytes Program space.

Ah extended addressing mode instruction is two-
byte long.

" 0
k37, SERTHINEDN

Program Counter Relative. The relative address-
ing mode is only used in conditional branch instruc-
tions. The instruction is used to perform a test and,
if the condition is true, a branch with a span of -15
to +16 locations around the address of the relative
instruction. If the condition is not true, the instruc-
tion that follows the relative instruction is executed.
The relative addressing mode instruction is one-
byte long. The opcode is obtained in adding the
three most significant bits that characterize the kind
of the test, one bit that determines whether the
branchis aforward (whenitis 0) orbackward (when
itis 1) branch and the four less significant bits that
give the span of the branch (0h to Fh) that must be
added or subtracted to the address of the relative
instruction to obtain the address of the branch.

Bit Direct. In the bit direct addressing mode, the
bit to be set or cleared is part of the opcode, and
the byte following the opcode points to the address
of the byte in which the specified bit must be set or
cleared. Thus, any bit in the 256 locations of Data
space memory can be set or cleared.

Bit Test & Branch. The bit test and branch ad-
dressing mode is a combination of direct address-
ing and relative addressing. The bit test and branch
instruction is three-byte long. The bit identification
and the tested condition are included in the opcode
byte. The address of the byte to be tested follows
immediately the opcode in the Program space. The
third byte is the jump displacement, which is in the
range of -126 to +129. This displacement can be
determined using a label, which is converted by the
assembler.

Indirect. In the indirect addressing mode, the byte
processed by the register-indirect instruction is at
the address pointed by the content of one of the
indirect registers, X or Y (80h,81h). The indirect
register is selected by the bit 4 of the opcode. A
register indirect instruction is one byte long.

Inherent. In the inherent addressing mode, all the
information necessary to execute the instruction is
contained in the opcode. These instructions are
one byte long.
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SOFTWARE DESCRIPTION (Continued)
Instruction Set

The ST62xx core has a set of 40 basic instruc-
tions. When these instructions are combined with
nine addressing modes, 244 usable opcodes can
be obtained. They can be divided into six different
types:load/store, arithmetic/logic, conditional
branch, control instructions, jump/call, bit manipu-
lation. The following paragraphs describe the dif-
ferent types.

All the instructions within a given type are pre-
sented in individual tables.

Table 16. Load & Store Instructions

Load & Store. These instructions use one,two or
three bytes in relation with the addressing mode.
One operand is the Accumulator for LOAD and the
other operand is obtained from data memory using
one of the addressing modes.

For Load Immediate one operand can be any of the
256 data space bytes while the other is always
immediate data.

Instruction Addressing Mode Bytes Cycles Z Flags C
LDA,X Short Direct 1 4 A *
LDAY Short Direct 1 4 A *
LDAV \ Short Direct 1 4 A *
LDA W Short Direct 1 4 A *
LD X, A Short Direct 1 4 A *
LDY,A Short Direct 1 4 A *
LDV,A Short Direct 1 4 A *
LDW,A Short Direct 1 4 A *
LDA,rr Direct 2 4 A *
LDmA Direct 2 4 A *
LD A, (X) Indirect 1 4 A *
LDA,(Y) Indirect - 1 4 A *
LD (X), A Indirect 1 4 A *
LD (Y),A Indirect 1 4 A *
LDI A, #N Immediate 2 4 *
LDl m, #N Immediate 3 4 * *

Notes:

X.Y. Indirect Register Pointers, V & W Short Direct Registers

#. Immediate data (stored in ROM memory)

. Data space register

A. Affected

*. NotAffected

52/86 X
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ST6260B/65B

SOFTWARE DESCRIPTION (Continued)

Arithmetic and Logic. These instructions are
used to perform the arithmetic calculations and
logic operations. In AND, ADD, CP, SUB instruc-
tions one operand is always the accumulator while
the other can be either a data space memory

Table 17. Arithmetic & Logic Instructions

content or an immediate value in relation with the
addressing mode. In CLR, DEG, INC instructions
the operand can be any of the 256 data space
addresses. In COM, RLC, SLA the operand is
always the accumulator.

. 0
Kyy, S5S;THOMSON

Instruction Addressing Mode Bytes Cycles Z Flags C
ADD A, (X) Indirect 1 4 A A
ADD A, (Y) Indirect 1 4 A A
ADDA,r Direct 2 4 A A
ADDI A, #N Immediate 2 4 A A
AND A, (X) Indirect 1 4 A *
AND A, (Y) Indirect 1 4 A *
AND A, rr Direct 2 4 A *
ANDI A, #N Immediate 2 4 A *
CLRA Short Direct 2 4 A A
CLRr Direct 3 4 * *
COMA Inherent 1 4 A A
CPA, (X) Indirect 1 4 A A
CPA,(Y) Indirect 1 4 A A
CPA,r Direct 2 4 A A
CPIA, #N Immediate 2 4 A A
DEC X Short Direct 1 4 A *
DECY Short Direct 1 4 A *
DECV Short Direct 1 4 A *
DECW Short Direct 1 4 A *
DECA Direct 2 4 A *
DEC I Direct 2 ' 4 A .
DEC (X) Indirect 1 4 A *
DEC (Y) Indirect 1 4 A *
INC X Short Direct 1 4 A *
INCY Short Direct 1 4 A *
INCV Short Direct 1 4 A *
IINCW Short Direct 1 4 A .

INC A Direct 2 4 A *
INC rr Direct 2 4 A *
INC (X) Indirect 1 4 A *
INC (Y) Indirect 1 4 A *
RLC A Inherent 1 4 A A
SLAA Inherent 2 4 A A
SUBA, (X) Indirect 1 4 A A
SUBA, (Y) Indirect 1 4 A A
SUBA, r Direct 2 4 A A
SUBI A, #N Immediate 2 4 A A

Notes: |

X,Y. Indirect Register Pointers, V & W Short Direct Registers A. Affected

#. Immediate data (stored in ROM memory) * . Not Affected

. Data space register

53/86
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SOFTWARE DESCRIPTION (Continued)

Conditional Branch. The branch instructions
achieve a branch in the program when the selected
condition is met.

Bit Manipulation Instructions. These instruc-
tions can handle any bitin data space memory. One
group either sets or clears. The other group (see
Conditional Branch) performs the bit test branch
operations.

Table 18. Conditional Branch Instructions

Control Instructions. The control instructions
control the MCU operations during program execu-
tion. .

Jump and Call. These two instructions are used to
perform long (12-bit) jumps or subroutines call
inside the whole program space.

Instruction Branch If Bytes Cycles 7 Flags G
JRCe C=1 1 2 * *
JRNC e C=0 1 2 * *
JRZ e Z=1 1 2 * *
JRNZ e Z=0 1 2 * *
JRR b, m, ee Bit=0 3 5 * A
JRS b, M, ee Bit=1 3 5 * A

Notes:

b. 3-bit address . Data space register

e. 5 bitsigned displacement in the range -15to +16 A . Affected

ee. 8 bit signed displacement in the range -126 to +129 *. Not Affected

Table 19. Bit Manipulation Instructions
Instruction Addressing Mode Bytes Cycles 7 Flags c
SET b,rr Bit Direct 2 4 * *
RES b,rr Bit Direct 2 4 * *

Notes:

b. 3-bit address; s *. Not Affected

. Data space register;

Table 20. Control Instructions
Instruction Addressing Mode Bytes Cycles va Flags C
NOP Inherent 1 2 * *
RET Inherent 1 2 * *
RETI Inherent 1 2 A A
STOP (1) Inherent 1 2 * *
WAIT Inherent 1 2 * *

Notes:

1. Thisinstruction is deactivated and a WAIT is automatically executed instead of a STOP if the watchdog function is selected.

A. Affected
*. Not Affected

Table 21. Jump & Call Instructions

Instruction Addressing Mode Bytes Cycles va Flags C
CALL abc Extended 2 4 * *
JP abc Extended 2 4 * *
Notes:
abc.12-bit address;
*. Not Affected
54186 (37 SGS-THOMSON
Y/, wicRorECcTRONICS
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ST6260B/65B

SOFTWARE DESCRIPTION (Continued)

Opcode Map Summary. The following table contains an opcode map for the instructions used by ST6

Low Low
0 1 2 3 4 5 6 7 8 B E F
HI 0000 | o001 0010 | 0011 | 0100 | 0101 0119 o1 1000 101 110 | 1111 H
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ JRC|4 LD|2JRNZ 2JRNC|4 RES 4 LDI|2 JRC|4 LD
00000 e abc e bO,ree e # e a,(x) e bO,rr e a,(Y) ogoo
1 per|]2  ext|1 perf3 bt|1 per 1 prc|1 ind|{1 per per|2  bdi imm|[1 per]1  ind
2JRNZ|4 CALL|2 JRNC|5 JRS|2 JRZ INC|2 JRC|4 LDI|2JRNZ 2JRNC|4 SET 4 DEC|2 JRC|4 LD
0010 . e abe e |bomee| e X e [am | e b0, e arr Jo .
1 perj2  ext[t per|3  bt[1  per sd prc|2 imm|1 per 1 perj2  bd sd|1 per|2  dir
2 2JRNZ[4 CALL|2 JRNC|5 JRR|2 JRZ JRC[4 CP|2JRNZ 4 RES 2 JRC|4 cCP
ol e abc e |baree|l e # e a() e bé,rr . e a®) 0021 0
1 per|2 ext]1 per|3  bt[1 per prej1 ind|1 per, per{2  bd inh{1 per|1  ind
2JRNZ(4 CALL|2 JRNC|5 JRS|2 JRZ LD|2 JRC|4 CPI|2JRNZ 4 SET LD|2 JRC(4 cCP
06"1 1 e abc e |bdmee| e ax e ann e bd,rr e arr 0031 1
1 perj2  ext|1  per|3 bt|1  per sd|1  prc|2 imm|{1 pcr per|2 bd. sd{1 per[2  dr
2JRNZ|4 CALL|2JRNC|5 JRR|2 JRZ 2 JRC[4 ADD|2JRNZ 2JRNC|4 RES 2 RETI[2 JRC[4 ADD
o 1%0 e abc e b2,ree e # e a,()f) e b2,rr ) e a,()() 0 140 0
1 per[2  ext|1  per|3 bt[1 per 1 pre[1 ind|1 per| per|2  bdi inh{1 per{1 ind
2JRNZ[4 CALL{2 JRNC|5 JRS|2 JRZ INC JRC[4 ADDI|2 JRNZ 2JRNC|4 SET 2 JRC|4 ADD
0 150 1 e abc e b2,rree e y e ann e b2,rr e arr 0 150 1
1 perj2  ext|1  per|3 bt|1  per sd|1  prc|2 imm|1 per per|2  bdi sd|1  perf2  dir
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 INC|2JRNZ 2JRNC|4 RES 2 STOP|2 JRC|4 INC
0 161 0 e abc e |bGree| e # e (x) e b6,rr e (y) 0131 0
1 per]2  ext|1  perf3 bt|1 per 1 pre[1 ind|1 per| perf2  bd inh|1 per|1  ind
2JRNZ|4 CALL|2 JRNC|5 JRS|2 JRZ LD JRC 2JRNZ 2JRNC|4 SET LD|2 JRC|4 INC
0171 1 e abe e b6,rree e ay e # e b6,rr e m 0171 1
1 perf2  ext|1 per|3 bt[1 per|1 sd|1 prc 1 per pcr{2 bd sd[1 per|2  dir
2JRNZ|4 CALL|2JRNC|5 JRR|2 JRZ 2 JRC|4 LD|2JRNZ 4 RES! 2 JRC|4 LD
11%0 e abc e |blree|l e # e (x),a e b1, e (y).4a 10800
1 per|]2  ext|1 per|3  bt[1  per 1 pre[1 ind|1 per pcr|2  bd 1 per|1 ind
2JRNZ|4 CALL|2JRNC|5 JRS|2 JRZ INC|2 JRC 2JRNZ 2JRNC|4 SET 4 DEC{2 JRC|4 LD
1 690 1 e abc e bi,ree e v e # e bt e ma 1 090 1
1 per|2  extf{1 per|3 bt|1 per! sd|1 prc 1 per pcr[2 bd sd|1 per|2  dir
2JRNZ|4 CALL{2 JRNC|5 JRR|2 JRZ 2 JRC{4 AND|2JRNZ|4 JP|2JRNC|4 RES 2 JRC|4 AND
1 (ﬁ o e abc e |bSrmee|l e # e a,(x) e b5, e ay) 1 °A1 0
1 per]2  ext|1  per|3 btf1  per pref1 ind|1  per per|2  bd inh{1 perj1 ind
2JRNZ|4 CALL|2JRNC|5 JRS|2 JRZ LD|2 JRC|4 ANDI|2 JRNZ 4 SET 2 JRC|4 AND
1 g' 1 e abc e b5,mmee e av e a,nn e b5, e a,rr 1 ‘;51 1
1 perf2  extj1 per|3 bt{1  per sd prc|2 imm|1 per! perf2  bd sdf1  perj2  dir
2JRNZ|4 CALL|2 JRNC|5 JRR|2 JRZ 2 JRC|4 SUB|2JRNZ 2JRNC|4 RES 2 RET|2 JRC|4 SUB
11(:00 e abc e b3,ree e # e a,(x) e b3,rr e a(y) 11(:00
1 per|2  ext]1 per|3 bt[1 per 1 pre[1 ind]1 per per|2  bd inh|1 per[1 ind
2JRNZ[4 CALL|2 JRNC|5 JRS|2 JRZ INC|2 JRC|4 SUBI|2 JRNZ 2JRNC|4 SET 2 JRC|4 suB
1 1%1 e abc e b3ree| e w e ann e b3,rr e arr "% 1
1 per|]2  ext|1 per[3 bt|1 per! sd[1  prc|2 imm|1 per] peri2  bd sd|1 per|2  dir
2JRNZ|4 CALL|2JRNC|5 JRR|2 JRZ| 2 JRC|4 DEC|2JRNZ 4 RES 2 WAIT(2 JRC|4 DEC
1150 e abc e |b7umee| e # e (x) e b7,r e ) 11510
1 per|2  extj1 per|3 bt|1 per 1 pref1t ind|1 per per[2 bd inh[1 per{1 ind
2JRNZ[4 CALL|2 JRNC|5 JRS|2 JRzZ LD[2 JRC 2JRNZ 2JRNC|4 SET LD|2 JRC|4 DEC
1 1F1 1 e abc e |b7rmee| e aw e # e b7,rr e w 1 1':1 1
1 per|]2  ext|1 per|3 bt|1 per sd prc! 1 per per|2  bd sd|1 per|2  dir
Abbreviations for Addressing Modes: Legend:
dir Direct # Indicates lllegal Instructions 2 JRC Mnemonic
sd Short Direct e 5 Bit Displacement Operande——i— e
imm  Immediate b 3Bit Address Bytes——1 por
inh  Inherent " 1byte dataspace address Addressing Mod
ext  Extended nn 1 byte immediate data
bd  BitDirect abc  12bitaddress
bt Bit Test ee 8 bit Displacement
per  Program Counter Relative
ind  Indirect
SGS-THOMSON 55/08
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ST6260B/65B

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

This product contains devices to protect the inputs
against damage due to high static voltages, how-

Power Considerations. The average chip-junc-
tion temperature, Tj, in Celsius can be obtained
from :

ever itis advised to take normal precaution to avoid Tj= Ta + PD x RthJA
application of any voltage higher than maximum Where: Ta= Ambient Temperature
rated voltages. ) o
L RthJA = Package thermal resistance
For proper operation it is recommended that Vjand (junction-to ambient).
Vo must be higher than Vss and smaller Vpp. .
Reliability is enhanced if unused inputs are con- PD= Pint+ Pport.
nected to an appropriated logic voltage level (Vpp Pint= Ipp x Vop (chip internal power).
or Vss). Pport= Port power dissipation
determinated by the user).
y
Symbol Parameter Value Unit
Vop Supply Voltage -0.3t07.0 \
\ Input Voltage Vss - 0.3 to Vpp.+ 0.3 %
Vo Output Voltage Vss - 0.3 to Vpp + 0.3 v
lo Current Drain per Pin Excluding Vpp, Vss 10 mA
liNJ+ Pin Injection current (positive), All I/O, Vpp = 4.5V +5 mA
ling- Pin Injection current (negative), All I/O, VDD = 4.5V -5 mA
IVpp Total Current into Vpp (source) 50 mA
IVss Total Current out of Vss (sink) 50%) mA
Tj Junction Temperature 150 °C
Tsta Storage Temperature -60 to 150 °C
Notes :

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

may affect device reliability.

- (1) Within these limits, clamping diodes are guaranteed to be not conductive. Voltages outside these limits are authorised as long as

injection current is kept within the specification.

If

THERMAL CHARACTERISTIC

- sz) The total current through ports A and B combined may not exceed 50 mA. The total current lhrouqh daon C may not exceed 50 mA.
he application is designed with care and observing the limits stated above, total current may reach 100 mA.

) Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
PDIP28 55
RthJA | Thermal Resistance PDIP20 60 CW
PS0O28 75
PS020 80
56/86 LNy SGS-THOMSON
Y. ficrorEeTRONICS
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RECOMMENDED OPERATING CONDITIONS

Val
Symbol Parameter Test Conditions alue Unit
Min. Typ. Max.
. 6 Suffix Version -40 85
Ta Operating Temperature 1 Suffix Version 0 70 °C
fosc= 4MHz
‘ fint = 4MHz 3.0 6.0 \Y
Vop Operating Supply Voltage
fosc = 8MHz
fier = BMHz 4.5 6.0 Vv
) Vop =3V 0 4.0 MHz
fint Internal Frequency Vop = 4.5V 0 8.0 MHz
Pin Injection Current (positive)
Ings Digital Input (" Vpp = 4.5 to 5.5V +5 mA
Analog Inputs®
Pin Injection Current (negative)
ling- Digital Input ! Vpp =4.51t0 5.5V -5 mA
Analog Inputs
Notes :

1. Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins.

2. lfatotal current of +1 mA s flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1maA, all the

resulting conversions are shifted by +1 LSB. If a total positive current is flowing into the sin
flowing Into all the analog inputs is'of 5SmA, all the resulting conversions are shifted by +2 L\

3. Aninternal frequency above 1MHz is recommended for reliable A/D results.

%lg analog channel or if the total current

1

Maximum FREQUENCY (

MHz )

Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,)

2.5 3 3.5 4 4.5 5 5.5 6

SUPPLY VOLTAGE ( V,, )

VR001807

The shaded area is outside the ST6260B/65B operating range, device functionality is not guaranteed.
The striped area is guaranteed only with the LO

VOLTAGE option.

‘7_1 SGS-THOMSON

s MICROELECTRONICS
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RC Oscillator. fosc Frequency versus RNET (Typical Values)

* 3 Volts -+ 4 Volts 5 Volts ~= 6 Volts

F MHz T=25C
10'L\
- o
TSN
%\*A.' Rt X
1 ==
N 34\ ) }r?_'\\
EJERN

0.1 KVA §

10 100 1000 10000

R = Kohms

The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

VR01935

RC Oscillator. fosc Frequency versus RNET (Typical Values)

*25.C ='85-C

F MHz Vpp = 5 Volts
le;
N
S 3
\\
1 =, > 1
DN
N
\\\

0.1 \.

10 100 1000 10000

R = Kohms

The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

\ VRO01935A
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ST6260B/65B

DC ELECTRICAL CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

- Value _
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
v Input Low Level
L Voltage ) Vpp x 0.3 \"
All inputs i
V) Input High Level
H Voltage Vpp x 0.7 Vv
All inputs
Hysteresis Voltage ¥ | Vpp=5V 0.2
Vs | Al Inputs Vop=3V 02 v
Low Level Output Vpp=4.5V loL= +1.6mA 0.4
VoL Voltage Vpp=4.5V loL= +5.0mA 1.3 \
PortA,C Vpp=3.0V loL= +0.7mA 0.4
v Low Level Output Vbp=4.5V loL = +1.6mA 04
o Voltage Vpp=4.5V lor=+20.0mA 1.3 v
Port B Vpp=3.0V loL= +0.7mA 0.4
v High Level Output Vop=4.5V loL=-1.6mA 41
OH Voltage Vpp=4.5V loL = -5.0mA 35 v
PortA,B,C Vpp=3.0V loL = -0.7mA 2.6
Input Pull-up Current
Ipy Input Mode with Pull-up | Vin= Vss, Vpp=2.5-6V 100 HA
Port A, B, C, NMI
I Input Leakage VIN = Vss
I Current(1) Vin = Vop 10 KA
Supply Current in VREeSET=Vss 35 A
RESET Mode fosc=8MHz - m
Supply Currentin Vpp=5.0V  fint=8MHz 6.6 mA
RUN Mode @ Vpp=3.0V fint=4MHz TBD
Iop Supply Current in Vpp=5.0V fiNt=8MHz 1.50 mA
WAIT Mode © Vpp=3.0V fint=4MHz TBD
Standard STOP Mode lLoap=0mA 10 A
Consumption Option® | Vpp=6.0V; 70°C "
Low STOP Mode ILoap=0mA 2 A
Consumption Option® | Vpp=3.0V; 70°C ”
Notes :
1. Only when pull-ups are not inserted
2. Al Ben erals running .
3. EEPROM and A/D Converter in Stand-by
4. Hysteresis voltage between switching levels
L5y SGS-THOMSON 59/86
Y/, MichoeLECTRONICS
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AC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. | Typ. | Max.
. Vpp = 3.0V 4
fosc Oscillator Frequency Vop = 4.5V 8 MHz
t Oscillator Start-up Time Ceramic Resonator 5 100
Su at Power On Cu1=CLa=22pF
8MHz Ceramic Resonator 0.2 100
‘ Oscillator STOP mode CL1=Cro=22pF ’ ms
Sus Recovery Time 2 8MHz Quartz
CL1=Cyo=22pF 10 | 100
tReC Supply Recovery Time 100
Minimum Pulse Width (Vpp = 5V)
Twr RESET pin 100 ns
NMI pin 100
Ta=25C 5 10
Twee EEPROM Write Time Ta=85C 10 20 ms
Ta=125C 20 30
300,000
Endurance | EEPROM WRITE/ERASE Cycle Qa Lot Acceptance cycles
Retention | EEPROM Data Retention Ta=25C 10 years
Cin Input Capacitance All Inputs Pins 10 pF
Cour Output Capacitance All Outputs Pins 10 pF
Note:
1. Period for which Vpp has to be connected at 0V to allow internal Reset function at next power-up.
2. See Figure 59. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application.
Figure 59. Power On Reset
Voo |- — —
|
V 1-2V
oD Typical |, . T Tmmmmmmmmmm e -
ov | t
|
I ~
! I
|
OSCILLATOR ! L
[ [ | t
| tsu |
i
: 2048 cycles or 32728 cycles '
1
' |
|
INTERNAL
RESET
t
VA0295A
60/86
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. : ST6260B/65B

ELECTRICAL CHARACTERISTICS (Continued)

CURRENT CONSUMPTION
IDD Current Versus Supply Voltage
Typical Values (Ta : +85°C)
RUN MODE WAIT MODE
DD (mA) DD (mA)

6 7

: 32KHz(1)4 MHz 8 MHz
= =

T T
32KHz(1) 4IMHz 8|MHz
4~

!
I
|
!
|
1
|
|

0
VR01993A
Note (1) : Using the network described in the Application Note AN673
IDD Current Versus Supply Voltage
Typical Values(TA : +85°C)
STOP MODE

1DD (pA)

5

4

3

2

.l

3 35 4 45 5 55 6
VDD (v)
VR01993B
Ly SGS-THOMSON : 61/86
Y7, icrozLEcTRONICS
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ST6260B/65B

I/0 PORT CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
Value .
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
ViL Input Low Level Voltage /0 Pins ) 0.3x Vop \
ViH Input High Level Voltage 1/0 Pins 0.7x Vpp \
Vop= 5.0V
lo=10pA, Alll/O Pins 0.1
VoL Low Level Output Voltage lo.= 5mA , Standard I/0 0.8 "
lo.= 10mA, Port B 0.8
lo.=20mA, Port B 1.3
lon=—10pA Vpp-0.1
VoH High Level Output Voltage lon=—5mA, Vpp= 5.0V 3.5 \'
loH=—1.5mA, Vpp= 3.0V 20
Vin= Vpp or Vss
[ Input Leakage Current Vi
. T pp= 3.0V 0.1 1.0 pA
[ 1/0 Pins (pull-up resistor off) Voo= 5.5V 04 10
Rpu Pull-up Resistor Vin= 0V; All /O Pins 50 100 200 KQ
SPI CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
foL Clock Frequency at SCK 500 kHz .
tsv Data Set up time on Sin TBD
th Data hold time on Sin TBD
trs gienlay Transmission started on 8MHz 0 Note 1 us
Note 1. Minimum time Ops
Maximum time 1 instruction cycle
62/86 LNy SGS-THOMSON
V7. richoeiEcTAGKICS
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ST6260B/65B

TIMER1 CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

" Value ;
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
trRes Resolution :—2 s
INT
fin Input Frequency on TIM1 Pin(” f'T"T MHz
. Vpp = 3.0V 1 us
tw Pulse Width at TIM1 Pin(® Vpp = 4.5V 125 ns
Vpp = 5.5V 125 ns
Note :
1.'Not available for ST6260B
AR TIMER CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
. Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
tRes Resolution 1 s
. fint
) Input Frequency on STOP Mode 2 MHz
faRin | ARTIMin pin fint
) RUN and WAIT Modes 4 MHz
. Vpp = 3.0V 125 ns
ty | Felse Widih at Vop = 4.5V 125 ns
Vpp = 5.5V 125 ns
LNy SGS-THOMSON 63/88
Y/, icromcerRoNics
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ST6260B/65B

A/D CONVERTER CHARACTERISTICS
(Ta=-40 to +85°C unless otherwise specified)

Value .
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Res Resolution 8 Bit
M@ fosc > 1.2MHz +2
Ator Total Accuracy fosc > 32kHz ” LSB
tc Conversion Time fosc = 8MHz 70 ps
Van Conversion Range Vss Vop \
- Conversion result
ZIR Zero Input Reading when Vin = Vss 00 Hex
. Conversion result
FSR | Full Scale Reading when Vin = Voo FF Hex
Analog Input Current During _ .
AD) Conversion Vpp= 4.5V 1.0 pA
AC® Analog Input Capacitance 2 5 pF
‘| Analog Channel
ASI Analog Source Impedance switched just before 30 kQ
conversion start ¢

Notes:

1. Noise at Vpp, Vss<10m
2. With oscnllator frequencles less than 1MHz, the A/D Converter accuracy is decreased.

3. Excludi ng 'ad Capacitance.

4. ASlcan be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start.

64/86 X
Kyy, 555 THOMSON
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READ PROTECTION FUSE

If the ROM READOUT PROTECTION option is
selected as enabled, the following waveform must
be applied at the Vpp pin for the fuse to be blown:

The following circuit can be used for this purpose:

Figure 60. Example of READOUT
PROTECTION Fuse programming circuit

Vep ! 0.5s min ! 5_\_/ ATUF

| | | |

| 1004 max ' | |

el |

15 ! ! | 100nF
Foeen I
|
: |
: Vss
1
! VDD -—
1
} t
! PROTECT
| ‘ N
} Ver [ | SRy
|
: 100nF
1 ZPD15
: 15V
I
|
I
: VR02003
I
{ t Note: ZPD15 is used for overvoltage protection
VR02001
|
[Ny SGS-THOMSON 65/86
Y/, vicaczLEcTRONICS
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ST6260B/65B

ORDERING INFORMATION

The following chapter deals with the procedure for
transfer customer codes to SGS-THOMSON.

Communication of the customer code. Cus-
tomer code is made up of the ROM contents and
the list of the selected mask options. The ROM
contents are to be sent on one diskette with the
hexadecimal file generated by the development
tool. All unused bytes must be set to FFh.

The selected mask options are communicated to
SGS-THOMSON using the correctly filled OPTION
LIST appended.

Listing Generation & Verification. When SGS-
THOMSON receives the diskette, a computer list-
ing is generated from it. This listing refers exactly
to the rmask that will be used to produce the micro-
controller. Then the listing is returned to the cus-
tomer that must thoroughly check, complete, sign
and return it to SGS-THOMSON. The signed listing
constitutes a part of the contractual agreement for
the creation of the customer mask.

SGS-THOMSON sales organization will provide
detailed information on contractual points.

ORDERING INFORMATION TABLE

Table 22. ROM Memory Map

Device Address Description
0000h-007Fh Reserved "
0080h-0F9Fh User ROM
OFAOh-OFEFh Reserved
OFFOh-OFF7h Interrupt Vectors
OFF8h-0FFBh Reserved
OFFCh-OFFDh NMI interrupt Vector
OFFEh-OFFFh Reset Vector

Notes :
1. Reserved Areas should be filled with FFh

Sales Type ROM x8 110 Temperature Range Package
SToz00BBENX aeypes | 3 010485 PDIP20
STo260BMBXKK weyes | g3 01485 PSO20
STozo5BBEXXX eyes | 5 0% 485 PoIP2s
STo265BMB0X wepes | 5 010485 Psozs

Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options.
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ST6260B/65B

ST6260B, ST6265B MICROCONTROLLER OPTION LIST
Customer ... ...,
Address . ... ... ...

Contact . ... . ... .......
PhoneNo . ... ... ...
Reference ... .. ... ... ...,

SGS-THOMSON Microelectronics references

Device:
[ 1ST6260B, [ 1ST6265B
Package: .
[ 1Dualin Line Plastic [ 1Small Outline Plastic
In this case, select conditioning
[ ] Standard (Stick) [ ]Tape & Reel

Temperature Range:
[ 10°Cto+70°C [ ]-40°Cto +85°C
Special Marking:

[ 1No
[ ] Yes lt_ __________ ”
Authorized characters are letters, digits, '.", '—', '/ and spaces only.
Maximum character count DIP20 - DIP28: 10
‘ S020 - SO28: 8.

Oscillator Source Selection :
[ 1 Crystal Quartz/Ceramic Resonnator
[ ] RC Network
Power on Reset Delay:
[ 132768 cycles.delay
[ 12048 cycles delay
Watchdog Selection: :
[ ]Software Activation (STOP mode available)
[ 1Hardware Activation (no STOP mode)
External STOP Mode Control:

[ ]Enabled
[ ] Disabled

ROM Readout Protection: '
[ ]Disabled

For Enabled option, contact your local SGS-THOMSON office.

STOP Mode Consumption:
[ ]Standard (10pA max)
For Low STOP Mode Consumption option contact your local SGS-THOMSON office.

Supply Operating Range: [ ]Standard Range: 3.0V to 6.0V
Notes .. ... L
Signature .. ..o
Date ... ...
K 67/86
ST
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ST6260B/65B |

PACKAGE MECHANICAL DATA

Figure 61. 20-Pin Dual in Line Plastic (B), 300-Mil Width

E1 Dim. mm inches
I‘_‘| Min | Typ | Max | Min | Typ | Max
- ot A 393 0.155
K2 70 | A Al |0.254 0010
XL c B 045 0017
B B o1 E Bl |1.39 1.65 | 0.055 0.065
t c 025 0009
D1 D1 D 254 1.000
I 0 D1 134 0053
E 85 0334
E1 7.1 0279
N K| -|-1-1-1-]-
rKl— 11— K2l - — = - = =
/ / L 330 0.129
1 7 N/2 el 254 0.10
VROAI725 Number of Pins
N 20
A}
Figure 62. 28-Pin Dual in Line Plastic (B), 600-Mil Width
El Dim. mm Inches
: Min | Typ | Max | Min | Typ | Max
L A |22 48 |0086 0189
| A Al | 051 1.77 [ 0010 0069
At L B | 038 058 0015 0023
el Bl [ 097 152 | 0.055 0065
' c | o2 03 |0008 0009
D1 D |3506 3%.22| 1400 1425
pt|-|-]-]1-1-1-
N E 16.3 0641
] =
/ / E1 129 0508
K1 I Kl - -1 <=1T<1z
—3——-—-_/ /_ ..... - K| -]-1-1-]-]-
. L |318 444 | 125 0174
/ l el 254 0.10
1 N/2 VR001725 Number of Pins
N ] 28
68/86 X
I ST RIS
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ST6260B/65B

PACKAGES MECHANICAL DATA (Continued)

Figure 63. 20-Lead Small Outline Plastic (M), 300-Mil Width

L h Dim. mm inches
., § - T In Min | Typ | Max | Min | Typ | Max
f I /L 3 A A |205 255 |0.081 0.10
/'_ Tl \ =‘g At | od 03 |0004 0118
B e | [TA1 % B | 035 049 | 0138 0192
| |o1 0 D1 E2 . E2 c o2 032 | 0091 0125
D |126 130 | 4961 5118
£ ot | -[-1-1-1-7-
N E | 100 10.65 | 0.394 0419
ﬂ;ﬂ_,/l,Lﬂ_;Lﬂ_',{Q Bl | 740 760 | 2914 2%
Il Il S T ET T T
1 “ L | o040 127 | 0016 0050
// // e 127 005
I cl = -1 -1=-1-1-
Number of Pins
I1_| // oot W—D r\ll-l/z VR001726 N 2
Figure 64. 28-Lead Small Outline Plastic (M), 300-Mil Width
L . h Dim. mm inches
T m | h Min | Typ | Max | Min | Typ | Max
f 1F I— 1, A | 205 255 | 0.081 0.10
lL_U_I_I_I_V \ =‘g M | 04 03 |0004 018
B e | [1A1 %; B | 035 049 | 0138 0192
_L|p1 0 D1 E2 £ E2 C |o023 032 | 0091 0125
5 D [177 18.1 | 6969 725
' ot | - -1-1T-1-71-
N E |100 1065 | 0394 0419
00 '/'/ 0010 '/' El | 740 7560 | 2914 2992
Il Il T M e o e
| I L {040 127 [ 0016 0050
// // e 127 005
[ Py ] o - - - - - -
0 // o oo y/TI 0 Number of Pins
1 N/2 VRO01726 N 28
SGS-THOMSON 69/86
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NOTES:
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ST62E60B, T60B
ST62E65B, T65B

8-BIT OTP/EPROM HCMOS MCUs WITH

~AD CONVERTER, EEPROM & AUTORELOAD TIMER

w 3.5 to 6.0V Supply Operating Range

» 8 MHz Maximum Clock Frequency

m -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

n 5 different interrupt vectors

w Look-up table capability in ROM

» User EPROM: 3884 bytes

Data ROM: User selectable size
(in program EPROM)

Data RAM: 128 bytes

EEPROM: 128 bytes

PDIP20, PSO20 (ST62T60B) packages
PDIP28, PSO28 (ST62T65B) packages
FDIP20W (ST62E60B) packages
FDIP28W (ST62E65B) packages

13/21 fully software programmable I/O as:
— Input with pull-up resistor

— Input without Pull-up resistor

— Input with interrupt generation

— Open-drain or push-pull outputs

- Analog Inputs

= 6/8 1/0O lines can sink up to 20mA for direct LED
or TRIAC driving

= 8 bit counter with a 7-bit programmable prescaler
(Timert)

= 8 bit Autoreload timer with 7-bit programmable
prescaler (AR Timer)

= Digital Watchdog

= 8 bit A/D Converter with up to 7 (ST62E60B,T60B)
and up to 13 (ST62E65B, T65B) analog inputs

m 8 bit Synchronous Peripheral Interface (SPI)

m On-chip clock oscillator driven by Quartz or Ce-
ramic or RC network

-m User configurable Power-on Reset
= One external not maskable interrupt N
= 9 powerful addressing modes

July 1994

PRELIMINARY DATA

(Ordering Information at the end of the datasheet)

EPROM PACKAGES

FDIP20W

FDIP28W

The ST62E60B and ST62E65B are the EPROM ver-
sions; ST62T60B and ST62T65B are the OTP ver-
sions; both are fully compatible with ST6260B and
ST6265B ROM resonator versions.

71/86
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ST62E60B,T60B - ST62E65B,T65B

Figure 1. ST62E60B/T60B Pin Configuration

Figure 2. ST62E65B/T65B Pin Configuration

peo [ 1 \__J 201 PC2/Sin/Ain peo 01 \__J 28 PCo/An
PB1 02 191 PC3/ Sout/Ain PB1 02 27 0 PC1/TIM1/Ain
TEST™ | 3 181 PC4/SCK/ Ain TEST™ 3 26 ] PC2/Sin/Ain
PB2 [ 4 170 NMI PB2 [] 4 25[] PC3/Sout/Ain
PB3 [ 5 16 ] RESET PB3 [| 5 241 PC4/SCK/Ain
ARTIMin/PB6 [] 6 151 OSCout PB4 [| 6 23 NMI
ARTIMout / PB7.[] 7 14[] OSCin PB5 [| 7 22 ] RESET
Ain/PAO [] 8 131 PA3/Ain ARTIMin/PB6 [} 8 210 OSCout
Voo ] 9 1201 PA2/Ain ARTIMout/PB7 ] 9 20 ] OSCin
Vss 10 111 PA1/Ain Ain/PAO T 10 19 | PA7/Ain
Voo ] 11 18 [1 PA6/ Ain
Vss [] 12 17 1 PA5/Ain
Ain/PA1 ] 13 16 1 PA4/Ain
Ain/PA2 114  15[1 PA3/Ain
VR001821 VR001822
Note 1. This pinis also the Vep input for EPROM based devices
Figure 3. ST62E60B,E65B Block Diagram
PAO0..PA3

TEST/ V,p

NMI

INTERRUPT

DATA ROM
USER
SELECTABLE

PA4..PA7 / Ain *

PBO0..PB3 / 20mA SINK
PB4..PB5 / 20mA SINK *
PB6 / ARTIMin / 20ma SINK
PB7 / ARTIMout / 20ma SINK

PCO / Ain *
PC1/TIM1/Ain*

USER PROGRAM PC2 / Sin / Ain
EPROM DATA RAM <::> PC3 / Sout / Ain
3884 Bytes 128 Bytes PC4 / SCK / Ain
TIMER 1
DATA EEPROM
128 Bytes <:> Ain = Analog Input
ﬁ AUTORELOAD
I TIMER
STACK LEVEL1 SERIAL PERIPHERAL
STAGK LEVELZ (—)| Terrace (SP)
STACK LEVEL 3
it |88 CORE (= o fom o
STACK LEVEL 5
STAGK LEVELS | NOT AVAILABLE ON ST62E60B/T60B
8 BIT
PoweR | | OSCILLATOR )™ o K—| wp conveRTER
SUPPLY | | Dwviber
Voo Vss 0OSCin OSCout HE‘S_'ET VR0B1823
72/86 Lyy SGS-THOMSON ¢
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ST62E60B,T60B - ST62E65B,T65B

GENERAL DESCRIPTION

The ST62E60B,T60B,E65B,T65B microcontrollers
are members of the 8-bit HCMOS ST62xx family, a
series of devices oriented to low-medium complexity
applications.

They are the EPROM and OTP versions of the
ST6260B and ST6265B devices. EPROM are
suited for development. OTPs are suited for proto-
typing, preseries, low to mid volume series and in-
ventory optimization for customer having several
applications using the same MCU. All ST62xx
members are based on a building block approach:
a common core is surrounded by a combination of
on-chip peripherals (macrocells).

The macrocells of the ST62E60B, T60B, E65B and
T65B are: the timer peripheral that includes an 8-
bit counter with a 7-bit software programmable
prescaler (Timer1), the 8-bit Auto-reload Timer
with 7 bit programmable prescaler (AR Timer), the
8-bit A/D Converter with up to 7 (ST62E60B,T60B)
and up to 13 (ST62E65B,T65B) analog inputs (A/D
inputs are alternate functions of 1/0 pins), the Digi-
tal Watchdog (DWD) and an 8-bit Serial synchro-
nous Peripheral Interface (SPI). In addition, these
devices offer 128 bytes of EEPROM for non vola-
tile data storage. '

The ST62E60B, T60B, E65B and T65B are up-
ward compatible with the ST62E60, T60, E65,
T65. They in addition feature RC network, user
configurable Power-on Reset Delay and an Exter-
nal STOP Mode Control option to enlarge the
range of power consumption/safety trade-offs.

ST62E60B ,T60B, E65B and T65B are well suited
for automotive, appliance and industrial applica-
tions.

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. De-
pending on the Option Byte, either a quartz crystal,
a ceramic resonator, an external clock signal or an
RC network can be connected in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. The oscillator frequency is inter-
nally divided by 1, 2 or 4 by a software controlled
divider.The OSCin pin is the input pin, the OSCout
pin is the output pin.

RESET. The active low RESET pin is used to re-
start the microcontroller to the beginning of its pro-
gram.

‘ﬁ SGS-THOMSON

TEST/Vep. The TEST must be held at Vss for nor-
mal operation. If TEST pin is connected to a
+12.5V level during the reset phase, the EPROM
programming Mode is entered.

NMI. The NMI pin provides the capability for asyn-
chronous interrupt applying an external not mask-
able interrupt to the MCU. The NMlI is falling edge
sensitive. It is provided with an on-chip pull-up re-
sistor and Schmitt trigger characteristics.

When the External STOP Mode Control option is
enabled, the NMI pin in addition enables a control
of the way the STOP instruction is processed.

PC1/TIM1/Ain. This pin can be used as a Port C
1/0 bit, as Timer 1 /O pin or as analog input for the
on-chip A/D converter. This pin is available only on
the ST62E65B and T65B (28 pin version). If pro-
grammed to be the Timer 1 pin, in input mode it is
connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the timer pin outputs the
data bit when a time out occurs.

To use this pin as Timer 1 output a dedicated bit in
the TIMER 1 Status/Control Register must be set.
To use this pin as input pin the I/O pin has to be
programmed as input. The analog mode should be
programmed to use the line as an analog input.

PB6/ARTIMin, PB7/ARTIMout. These pins are
either Port B 1/0 bits or the Input and Output pins of
the Auto-reload Timer. To be used as timer input
function PB6 has to be programmed as input with
or without pull-up. A dedicated bitin the AR TIMER
Mode Control Register sets PB7 as timer output
function.

PAO-PA7. These 8 lines are organized as one I/O
port (A). PA4-PA7 are not available on ST62E60B
and T60B (20 pin version). Each line may be con-
figured under software control as input with or with-
out internal pull-up resistor, interrupt generating
input with pull-up resistor, analog input, open-drain
or push-pull output.

PB0-PB3, PB4, PB5. These 6 lines are organized
as one I/O port (B). PB4, PB5 are available only on
the ST62E65B and T65B (28 pin version). When
the External STOP Mode Control is disabled, each
line may be configured under software control as
input with or without internal pull-up resistor, inter-
rupt generating input with pull-up resistor, open-
drain or push-pull output. In output mode these
lines can also sink 20mA for direct LED and TRIAC
driving. When the External STOP Mode Control is
enabled, PBO is forced as open drain output. The
other lines are unchanged.

73/86
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ST62E60B,T60B - ST62E65B,T65B

PCO0-PC4. These 5 lines are organized as one 1/0
port (C). PCO and PC1 are not available on
ST62E60B, T60B (20 pin version). Each line may
be configured under software control as input with
or without internal pull-up resistor, interrupt gener-
ating input with pull-up resistor, analog input for the
A/D converter, open-drain or push-pull output.
PC2-PC4 can also be used as respectively Data in,
Data out and Clock I/O pins for the on-chip SPI to
carry the synchronous serial I/O signals.

THE READER IS ASKED TO REFER TO
THE DATASHEET OF THE ST6260B,65B
ROM DEVICE FOR FURTHER DETAILS.

EPROM/OTP DESCRIPTION

The ST62E60B/E65B are the EPROM versions of
the ST6260B/65B products. They are intended for
use during the development of an application and
for pre-production and small volume production.
ST62T60B/T65B OTP have the same charac-
teristics. They all include EPROM memory instead
of the ROM memory of the corresponding
ST6260B/65B, and so the program can be easily
modified by the user with the ST62E6xB EPROM
programming tools from SGS-THOMSON.

From a user point of view (with the following excep-
tions) the ST62E60B/E65B and ST62T60B/T65B
products have exactly the same software and
hardware features as the ROM version. An addi-
tional mode is used to configure the part for pro-
gramming of the EPROM, this is set by a +12.5V
voltage applied to the TEST/Vpp pin. The program-
ming of the ST62E60B, T60B, E65B, T65B is de-
scribed in the User Manual of the EPROM
Programming Board.

The supply operating range is 3.5V to 6.0Von the
OTP and the EPROM parts.

On the ROM version, the supply operating range is
3.0V to 6.0V.

Other than this exception, the OTP, EPROM and
ROM parts are fully compatible. This datasheet
thus provides only information specific to the
EPROM based devices.

Note also the Low STOP mode consumption of
ROM devices can not be emulated on EPROM or
OTP devices

ROM Option Emulation

The ROM mask options that can be selected by the
user in the ROM devices can be selected on the
EPROM/OTP devices by an EPROM CODE byte

74/86
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‘that can be programmed with the ST62E6xB
EPROM programming tools available from SGS-
THOMSON. This EPROM CODE byte is automat-
ically read, and the selected options enabled,
when the chip reset is activated.

The Option byte is written during programming
either by using the PC menu (PC driven Mode) or
automatically (stand-alone mode). ‘

EPROM Programming Mode

An additional mode is used to configure the part for
programming of the EPROM, this is set by a 12.5V
voltage applied to the TEST/Vpp pin. The program-
ming of the ST62E60B/E65B and ST62T60B/T65B is
described inthe User Manual of the EPROM Program-
ming board.

EPROM ERASING

The EPROM of the windowed package of the
ST62E60B/E65B may be erased by exposure to
Ultra Violet light.

The erasure characteristic of the ST62E60B/E65B
is such that erasure begins when the memory is
exposed to light with a wave lengths shorter than
approximately 4000A. It should be noted that sun-
lights and some types of fluorescent lamps have
wavelengths in the range 3000-4000A. It is thus
recommended that the window of the
ST62E60B/E65B packages be covered by an
opaque label to prevent unintentional erasure prob-
lems when testing the application in such an environ-
ment. .

The recommended erasure procedure of the
ST62E60B/E65B EPROM is the exposure to short
wave ultraviolet light which have a wave-length
2537A. The integrated dose (i.e. U.V. intensity x
exposure time) for erasure should be a minimum of
15W-sec/cm?. The erasure time with this dosage is
approximately 15 to 20 min Etes using an ultraviolet
lamp with 12000pW/cm“ power rating. The
ST62E60B/E65 should be placed within 2.5cm
(1Inch) of the lamp tubes during erasure.

Table 1. ST62T60B/T65B OTP Memory Map

Device Address Description

0000h-007Fh Reserved
) User Program ROM

0080h-0F9Fh 3856 Bytes
OFAOh-OFEFh Reserved
OFFOh-OFF7h Interrupt Vectors
OFF8h-0FFBh Reserved
OFFCh-OFFDh NMI Vector
OFFEh-OFFFh User Reset Vector

Note. Reserved Areas should be filled with FFh




ST62E60B,T60B - ST62E65B,T65B

OPTION BYTE

The Option Byte enables emulation of the mask
options of the ROM devices. It can only be ac-
cessed during the programming mode. This ac-
cess is made either automatically (copy from a
master device) or by selecting the “OPTION BYTE
PROGRAMMING” mode of the programmer. The
option byte is located in a non-user map. No ad-
dress has to be specified.

Figure 4. EPROM Code Option Byte

OPTION BYTE

|D7|D6|D5|D4|03|D2|D1 |DO|

Reserved; write 0

OSCIL: Oscillator Selection

DELAY: Power-on Reset Delay
WDACT: Watchdog Activation Selecti
Reserved; write 0
‘Reserved; write 0

EXTCNTL: External STOP Mode Control

PROTECT: Readout Protection

PROTECT. This bit allows the protection of the
software contents against piracy. When the bit
PROTECT is set high, readout of the OTP contents
is prevented by hardware. No programming equip-
ment is able to gain access to the user program.
When this bit is low, the user program can be read.
This bit emulates the READOUT PROTECTION
mask option of ROM devices.

(Ol

EXTCNTL. This bit selects the External STOP
Mode capability. When EXTCNTL is high, pin NMI
controls if the STOP mode can be accessed when
the watchdog is active. In addition, PBO is forced
as open drain output. When EXTCNTL is low, the
STOP instruction is processed as a WAIT as soon
as the watchdog is active. This bit emulates the
EXTERNAL STOP MODE CONTROL of ROM de-
vices.

D5-D4. Reserved. Must be cleared to zero.

WDACT. This bit controls the watchdog activation.
When it is high, hardware activation is selected.
The software activation is selected when WDACT
is low.This bit emulates the WATCHDOG ACTIVA-
TION mask option of ROM devices.

DELAY. This bit enables the selection of the delay
internally generated after pin RESET is released.
When DELAY is low, the delay is 2048 cycles of
the oscillator, it is of 32768 cycles when DELAY is
high. This bit emulates the POWER ON RESET
DELAY mask option of ROM devices.

OSCIL. When this bit is low, the oscillator must be
controlled by a quartz crystal, a ceramic resonator
or an external frequency. When it is high, the oscil-
lator must be controlled by an RC network, with
only the resistor having to be externally provided.
This bit emulates the OSCILLATOR mask option of
ROM devices.

DO. Reserved. Must be cleared to zero.

75/86
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ST62E60B,T60B - ST62E65B,T65B

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings Power Considerations. The average chip-junc-

This product contains devices to protect the inputs ~ tion temperature, Tj, in Celsius can be obtained

against damage due to high static voltages, how- from :

ever it is advised to take normal precaution to avoid Tj= Ta + PD x RthJA

?aptgl(ljcsglct);gg; any voltage higher than maximum Where :Ta = Ambient Temperature.

For proper operation itis recommended that Viand RthJA = gﬁﬁgggﬁ_:giﬁg:efs istance

Vo must be higher than Vss and smaller Vpp. Reli- ) ’

ability is enhanced if unused inputs are connected PD=  Pint+Pport.

to an appropriated logic voltage level (Vpp or Vss). Pint= Ipp x Vbp (chip internal power).
Pport= Port power dissipation

(determinated by the user).

Symbol Parameter Value Unit
Vop Supply Voltage ' -0.3t07.0 \Y
Vi Input Voltage Vss-0.3t0 Vpp + 0.3 v
Vo Output Voltage Vss - 0.3t0 Vpp +0.3") %

lo Current Drain per Pin Excluding Vop, Vss 10 mA
IiNg+ Pin Injection currént (positive), All /O, Vpp = 4.5V +5 mA
ling- Pin Injection current (negative), All /0, VDD = 4.5V -5 mA
IVop Total Current into Vpp (source) 50 mA

IVss Total Current out of Vss (sink) 500 mA
Tj Junction Temperature 150 °C
Ts1a Storage Temperature -60 to 150 °C

Notes :

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

- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as
injection current is kept within the specification.

- (2) The total current through ports A and B combined may not exceed 50 mA. The total current through port C may not exceed 50 mA.
If the application is designed with care and observing the limits stated above, total current may reach 100 mA.

THERMAL CHARACTERISTIC

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
PDIP28 55
RthJA | Thermal Resistance PDIP20 60 | «cmw
PS0O28 75
PS0O20 80
76/86 [Ny SGS-THOMSON
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ST62E60B,T60B - ST62E65B,T65B

RECOMMENDED OPERATING CONDITIONS

Value )
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
" 6 Suffix Version -40 85
Ta Operating Temperature 1 Suffix Version 0 70 °C
fosc= 4MHz 35 6.0 \"
fint =4MHz
Vop Operating Supply Voltage
fosc = 8MHz
finr = BMHz 45 6.0 \
Vep EPROM Prog. Voltage 12 125 13 A
Vpp =3.5V 0 4.0 MHz
fint Internal Frequency Voo = 4.5V 0 8.0 MHz
Pin Injection Current (positive)
INg+ Digital Input ) Vpp =4.51t05.5V +5 mA
Analog Inputs®
Pin Injection Current (negative)
Ing- Digital Input (" Vpp =4.5t0 5.5V 5 mA
Analog Inputs
Notes :

1. Acurrent of £ 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins.

2. Ifatotal current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs is of 1mA, allthe
resulting conversions are shifted by +1 LSB. If atotal positive current is flowing into the single analog channel or if the total current
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB.

3. Aninternal frequency above 1MHz is recommended for reliable A/D results.

Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,;)

Maximum FREQUENCY ( MHz)

.

8- : ; ;

.- Ll

5 /

47 :

3 5

1 2.5 3 3.5 4I- 4:5 é 5:5 (;
SUPPLY VOLTAGE (V,, ) N

The shaded area is outside the device operating range, device functionality is not guaranteed.

77/86
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ST62E60B,T60B - ST62E65B,T658

RC Oscillator. fosc Frequency versus RNET (Typical Values)

F MHz T=25-C

=K<

% \*;H\ N ‘1\\
0.1 H%« \\-

10 100 1000 10000

) ‘ R = Kohms
% 3 Volts —+ 4 Volts #* 5 Volts - 6 Volts
The shaded area is outside ST62xxB operating range, device functionality is not guaranteed

VR01935

RC Oscillator. fosc Frequency versus RNET (Typical Values)

F MHz _ Voo = 5 Volts
10L
~ .
TS 7
~
1 \§g
\\
N \\\
0.1 N
10 100 1000 10000

*25.C ~85:C R = Kohms

The shaded area is outside ST62xxB operating range, device functionality is not guaranteed
VRO01935A

78/86 -
: k57, SESTHONGDN
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ST62E60B,T60B - ST62E65B,T65B

DC ELECTRICAL CHARACTERISTICS
(Ta =-40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Vie Input Low Level Voltage
All inputs Voo x0.3 v
vV Input High Level
H Voltage Vop x0.7 Vv
All inputs
Hysteresis Voltage ™ | Vpp=5V 0.2
VHys - v
All Inputs Vpp=3V 0.2
Low Level Output Vpp=4.5V loL= +1.6mA 0.4
VoL Voltage Vop=4.5V loL= +5.0mA 1.3 \%
PortA,C Vpp=3.0V loL = +0.7mA 0.4
v Low Level Output Vob=4.5V loL= +1.6mA 0.4
o Voltage Vbp=4.5V loL=+20.0mA 13 Vv
Port B Vpp=3.0V loL= +0.7mA 0.4
v High Level Output Vpp=4.5V loL = -1.6mA 41
OH Voltage Vop=4.5V loL = -5.0mA 35 Vv
PortA,B,C Vpp=3.0V loL=-0.7mA 2.6
Input Pull-up Gurrent
lpu Input Mode with Pull-up | Vin=Vss, Vpp=3-6V 100 HA
Port A, B, C, NMI
m Input Leakage ViN=Vss
I Current(1) Vin = VoD 10 HA
Supply Currentin VReSET=Vss 35 mA
RESET Mode fosc=8MHz l
Supply Current in Vpp=5.0V  finy=8MHz 6.6 mA
oo RUN Mode @ Vpp=3.0V fint=4MHz TBD .
Supply Currentin Vpp=5.0V  fint=8MHz 1.50 mA
WAIT Mode @ Vop=3.0V finr=4MHz TBD
Supply Current in ILoap=0mA
STOP Mode® Vpp=5.0V 10 KA
Notes :
1.0nly when pull-ups are not inserted
2.All peripherals running
3.EEPROM and A/D Converter in Stand-by
4.Hysteresis voltage between switching levels
LSz SGS-THOMSON 79/86
/. CROELECTRONICS
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ST62E60B,T60B - ST62E65B,T65B

AC ELECTRICAL CHARACTERISTICS

(Ta = -40 to +85°C unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. | Typ. | Max.
Vpp = 3.5V 4
fosc Oscillator Frequency Vop = 4.0V 6 MHz
Vpp = 4.5V 8
t Oscillator Start-up Time Ceramic Resonator ' 5 100
Su at Power On @ CL1 =Crz = 22pF
8MHz Ceramic Resonator 0.2 100
\ Oscillator STOP mode CL1=Cyo=22pF ' ms
Sus Recovery Time @ 8MHz Quartz
CL1=Clo=22pF 10| 100
trec Supply Recovery Time M 100
Minimum Pulse Width (Vpp = 5V)
Twr RESET pin 100 ns
NMI pin 100
‘ Ta=25°C 5 10
Twee EEPROM Write Time Ta=85°C 10 20 ms
Ta=125°C 20 30
300,000
Endurance | EEPROM WRITE/ERASE Cycle Qa Lot Acceptance cycles
Retention | EEPROM Data Retention Ta=55°C 10 years
CiN Input Capacitance All Inputs Pins 10 pF
Cour Output Capacitance All Outputs Pins 10 pF
Note:
1. Period for which Vop has to be connected at OV to allow internal Reset function at next power-up.
2. See Figure 59. This value is highly dependent on the Ceramic Resonator or Quartz Crystal used in the application.
Figure 5. Power On Reset
Voo | —
I
V, 1-2V
bb Typical [, . -
ov 1 t
|
|
! I
OSCILLATOR I !
: tsu : i !
| | I
| 2048 cycles or 32728 cycles I
1 1
|
|
INTERNAL
RESET
t
VA0295A

80/86

(o7 A
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ST62E60B,T60B - ST62E65B,T65B

ELECTRICAL CHARACTERISTICS (Continued)

CURRENT CONSUMPTION
IDD Current Versus Supply Voltage
Typical Values (Ta : +85°C)
RUN MODE WAIT MODE

DD (mA) IDD (mA)
6 T 7 7 T T 7 2 T

{ l azK;HzmAsz 8 MHz E i 32KHz(1) 4IMHz 8IMHz
| L a T

| I -

| 1 1,5

| | |
4|t | '

I 1 I

i | |

i I i

i 1

3|1 | | 1

1 ] -

I ) I

1 1 |

| | I
2 1 i s

E i : '1 ! 05 /%

T b ' T ==
N T |

[ | j i i | 1

; } ! ! B : ! r
0 0

3 35 4 45 5 55 6 3 35 4 45 5 55 6

VDD (v) VDD (v)
VR01933A
Note (1) : Using the network described in the Application Note AN673
IDD Current Versus Supply Voltage
Typical Values(Ta : +85°C)
STOP MODE

IDD (pA)
5
4
3
2
]

3 35 4 45 5 55 6

VDD (v)
VR01993B
Ly7 SGS-THOMSON 81/86
Y/, MICROELECTRONICS
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ST62E60B,T60B - ST62E65B,T65B

1/0 PORT CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
Value
Symbol Parameter . Test Conditions Unit
Min. Typ. Max.
Vi Input Low Level Voltage I/0 Pins B 0.3x Vbp Vv
ViH Input High Level Voltage I/0 Pins 0.7x Vpp v
Vpp= 5.0V
loL= 10pA, All /O Pins 0.1
VoL Low Level Output Voltage loL=5mA , Standard I/O 0.8 v
|o|_= 10mA , Port B 0.8
loL=20mA , Port B 1.3
. lon=—10pA Vpp-0.1
Vou High Level Output Voltage lon=—5mA, Vpp= 5.0V 3.5 v
loH=—1.5mA, Vpp= 3.0V 2.0
. |Input Leakage Current Vin=Vop or Vss '
I 1/0 Pins (pull-up resistor off) Voo= 3.0V 0.1 10 KA
H Vpp= 5.5V 0.1 1.0
Rpu Pull-up Resistor Vin=0V; All I/O Pins 50 100 200 KQ
SPI CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
" Value .
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
foL Clock Frequency at SCK 500 kHz
tsv Data Set up time on Sin TBD
tH Data hold time on Sin TBD
trs gienlay Transmlsslcfn started on 8MHz 0 Note 1 s
Note :
1. Minimum time Ous
Maximum time 1 instruction cycle
82/86 LNy SGS-THOMSON
Y/. waicRoELECTAGNICS
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ST62E60B,T60B - ST62E65B,T658

TIMER1 CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions . Unit
Min. Typ. Max.
trRes Re(solution 12 s
fint
fin Input Frequency on TIM1 Pin(" , f'TNT MHz
Vpp = 3.5V 1 ns
tw Pulse Width at TiM1 Pin® Vpp = 4.5V 125 ns
Vpp = 5.5V 125 ' ns
Note: ’
1.Not available for ST62608
AR TIMER CHARACTERISTICS
(Ta = -40 to +85°C unless otherwise specified)
Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
' . -1
tres Resolution L s
finT
. Input Frequency on STOP Mode 2 MHz
in . o
ARTIMin pin RUN and WAIT Modes BT M
Pulse Width at Voo =3.5V 125 ns
tw ARTIMin Pin Vop =4.5V 125 ns
Vop = 5.5V 125 ns
L3y SGS-THOMSON 83/86
Y/, MiCROELECTRONICS
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ST62E60B,T60B - ST62E65B,T65B

A/D CONVERTER CHARACTERISTICS
(Ta= -40 to +85°C unless otherwise specified)

Value
Symbol Parameter Test Conditions Unit
Min. Typ. | Max.
Res Resolution 8 Bit
@ fosc > 1.2MHz 2
Arotr Total Accuracy foso > 32kHz 4 LSB
tc®@ Conversion Time fosc = 8MHz 70 us
Van Conversion Range - Vss Vop Vv
ZIR Zero Input Reading Cp nversion result when 00 Hex
Vin=Vss
FSR  |Full Scale Reading Conversion result when FF | Hex
Vin=Vpp
Analog Input Current During _
AD, Conversion Vpp= 4.5V 1.0 pA
Ac® Analog Input Capacitance 2 5 pF
Asl Analog Source Impedance 30 kQ
Notes:

1. Noiseat VDD, VSS <10mV

2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased.

3. Excluding Pad Capacitance.

4. ASl can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start.

84/86 X
k37, SEETHONGDN
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ST62E60B,T60B - ST62E65B,T65B

PACKAGE MECHANICAL DATA

Figure 6. 20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width

E1 Dim. mm inches
Min | Typ | Max | Min | Typ | Max
] . | A 571 0225
: ] | LA e Al | 050 178 | 0020 0070
Al L —i.c B | 040 055 [0.016 0.022
£ B | 127 152 {0050 0.060
B1 B je? C 022 031 [0.009 0012
D 26.92 1.059
o D o1 D1_| 051 127 [0020 0050
E - - - - - -
E1 780 0307
N L | 340 0134
/52 el | 229 279 [ 0090 0110
Ki— KA @ | 424 439 [0.167 0173
/% Number of Pins
1 N/2 N | 20
VROC1725
Figure 7. 28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Width
E1 Dim. mm inches
. | . | Min | Typ | Max | Min | Typ | Max
I I ——[—] T A 571 0225
i ¥ i | A i c A | 050 178 [ 0020 0070
At L — B_| 040 055 [0016 002
81 B e1 E Bl | 147 142 | 046 056
t C [o022 031 [0.009 0012
Ao D1 D 38.10 1500
D D1 | 152 249 | 060 098
N El-1-1-t1-1-1-
/L ' o /a-_n- E1_|13.05 13.36| 514 526
K1 ’/'/ i '/. L | 300 118
g _H . el | 229 279 | 0.090 0.110
Tl 11 o | 686 736 | 270 290
/ ' - / / Number of Pins
F 1/ N 28
1 N/2 VROB1725
L5y SGS-THOMSON 85/86
Y/, MiCROELECTRONICS
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ST62E60B,T60B - ST62E65B,T65B

ORDERI.NG INFORMATION

ORDERING INFORMATION TABLE

Sales Types " OTP/EPROM 1/0 Temperature Range Package
ST62T60BB6 13 _ PDIP20
OoTP o PS020

ST62TIGOBM6 4K Bytes -40°C to 85°C
ST62T65BB6 . 1 PDIP28
ST62T65BM6 - PS0O28
ST62E60BF1 EPROM 13 CDIP20,

4K Bytes 0°C to 70°C
ST62E65BF1 21 . CDIP28

!
86/86 . K
K57 353 THOMEON
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‘ SGS-THOMSON
/. vicRoELECTRONICS ST623x

8-BIT HCMOS MCUs WITH A/D CONVERTER,
EEPROM, UART & 16-BIT AUTO-RELOAD TIMER

FUNCTIONAL DESCRIPTION

= 3.0 to 6.0V Supply Operating Range

= 8 MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

= 5 different interrupt vectors

= Look-up table capability in ROM

» User ROM: 8K bytes

= Data ROM: User selectable size
(in program ROM)

» Data RAM: 192 bytes

x EEPROM: 128 bytes

= PDIP28, PSO28 package (ST6230)

» SDIP42 package (ST6232)

» PQFP52 package (ST6235)

||

Up to 36 fully software programmable I/O as:
— Input with pull-up resistor

— Input without pull-up resistor

— Input with interrupt generation

— Open-drain or push-pull outputs

— Analog Inputs

Up to 12 I/0 lines can sink up to 20mA for direct
LED or TRIAC driving

8 bit counter with a 7-bit programmable prescaler
(TIMER 1)

16 bit Auto-reload Timer (ARTIM16)

Digital Watchdog

8 bit A/D Converter with up to 24 multiplexed
analog inputs

8 bit Asynchronous Peripheral Interface (UART)
= 8 bit Synchronous Peripheral Interface (SPI)
On-chip clock oscillator driven by Quartz Crystal
or Ceramic resonator

Power-on Reset

One external not maskable interrupt

9 powerful addressing modes

The development tool of the ST623x microcon-
trollers consists of the ST623x-EMU emulation
and development system connected via a stand-
ard RS232 serial line to an MS-DOS Personal
Computer

PQFP52

(Ordering Information at the end of the détasheet)

July 1994 ' 1/22

This is a functional description Data from SGS-THOMSON. Details are subject to change without notice. 193



ST623x

GENERAL DESCRIPTION

The ST623x microcontrollers are members of the
8-bit HCMOS ST62xx family, a series of devices
oriented to low-medium complexity applications. All
ST62xx members are based on a building block
approach: a common core is surrounded by a
combination of on-chip peripherals (macrocells).
The macrocells of the ST623x areas follows:

— the Timer peripheral thatincludes a 16-bit autore-
load timer with compare and capture modes
(ARTIMER16) and an 8-bit counter with a 7-bit
software programmable prescaler (Timer1)

— the 8-bit A/D Converter with up to 24 multiplexed
analog inputs (A/D inputs are alternate functions
of 1/0 pins)

Figure 1. ST623x Block Diagram

— an 8-bit Serial synchronous Peripheral Interface
(SPI1)

— a Serial Asynchronous Peripheral (UART)

— a Digital Watchdog (DWD)

In addition these devices offer 128bytes of
EEPROM, 192 bytes of RAM and 8K bytes of ROM.
ST623x are well suited for automotive, home appli-
ances and industrial applications. The ST62E3x
EPROM versions are available for prototypes and
field test; also ST62T3x OTP (One Time Program-
mable) versions are available.

PAO/PA1 / 20mA Sink
. PA2/OVF / 20mA Sink
Testt) PA3/PWM / 20mA Sink
PA4/AIn/CP1
PAS/Ain/CP2
PA6/Ain
NMI INTERRUPT PA7/Ain
DATA ROM PB0..PB7 / Ain
USER
SELECTABLE PC4..PC7 / Ain
USER PROGRAM -
DATA RAM
8 Kbytes 192 Bytes PDO/Ain
PD1/Ain/SCL
e e PD2/Ain/Sin
PD3/Ain/Sout
PD4/Ain/RXD1
PD5/AIn/TXD1
l PD6..PD7/Ain
STACK LEVEL 1 K(—) PorTE K] j> PEO..PE7 / 20mA Sink
STACK LEVEL 2
STACK LEVEL 3 C:'>
stackievers | | 8 BIT CORE ~
STACK LEVEL §
STACK LEVEL 6
8 BIT Vooe
0sG
POWER — _/1\::9 A/D CONVERTER I, v,
I suppLy | | oscitiator || RESET ssp
,-L Ain = Analog Input
—(J_"—LI'D—|J_'I—L[} {}
Vop Vsg OSCin OSCout  RESET VR01823E
2/22 ‘— SGS-THOMSON
Y/, ricroELECTAONICS
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ST623x

Figure 2. ST6230 Pin Configuration

Figure 3. ST6232 Pin Configuration

peat 1~ 42 pao
PE3 [ 2 410 PA1
T PE2 ] 3 40 1 PA2/OVF
Voo [} 1 281 Vss PE1 0 4 39 I PA3/PWM
TIMER 0 2 270 PAO PEO ] 5 38 [I PA4/Ain/CP1
0SCin [ 3 26 PA1 oscing 6 37 [I PA5/Ain/CP2
0SCout [ 4 250 PA2/OVF OSCout [ 7 36 [1 PA6/Ain
NMI [ 5 241 PA3/PWM Ain/PC7 (] 8 35 I PA7/Ain
Ain/PC7 [} 6 23] PA4/Ain/CP1 Ain/PC6 O 9 34 § TIMER
Ain/PC6 [] 7 221 PA5/Ain/CP2 Ain/PCS [ 10 33 I NMI
Ain/PC5 ] 8 2101 PD1/Ain/SCL Vssp O 1; 82 1 AVgs
Ain/PC4 ] 9 20 ) PD2/Ain/Sin V?,“S’ZE 5 :; g g‘é%"/ A
TesT(™ [ 10 190 PD3/ Ain/ Sout Voo o 14 29 I PD1/Ain/SCL
RESET [ 11 18 | PD4/Ain/RXD1 TEST™ 0 15 28 I PD2/Ain/Sin
Ain/PB6 [} 12 17 ) PD5/Ain/TXD1 RESET O 16 27 1 PD3/Ain/ Sout
Ain/PB5 [ 13 16 | PD6/Ain Ain/PB7 [ 17 26 [I PD4/Ain/RXD1
Ain/PB4 [] 14 15 ] PD7/Ain Ain/PB6 ] 18 25 I PD5/Ain/TXD1
VR01804B Ain/PB5 [} 19 24 1 PD6/Ain
Ain/PB4 [] 20 23 1 PD7/Ain
Ain/PB3 [ 21 22 I PBO/Ain
VR01375G
Note 1: This pin is also the Vee input for EPROM based devices
Figure 4. ST6235 Pin Configuration
w =
3
COUBDEELREFRO
aooAanoOooonnnoOonn
NG f (251504948 47 a6 45 44 a3 a2 41aQ | L o
oscin ] 2 38 [1 PA5/Ain/CP2
0SCout ] 3 370 PA6/Ain
Ain/PC7 ] 4 36 [0 PA7/Ain
Ain/PC6 ] 5 35[0 TIMER
Ain/pPcs ] 6 341 NMI
Ain/PC4 [ 7 331 AVss
Vsgp O] 8 320 Avpp
Vopp O 9 31[1 PDO/Ain
Vss ] 10 30 3 PD1/Ain/SCL
Voo O 11 29 ] PD2/Ain/Sin
TESTM ] 12 28 [ PD3/ Ain/ Sout
RESET [ 13 271 NC
14 15 16 1718 19 20 2122 23 24 25 26
FEpEi e
PEEFBERESERES
SEcctffezsocs
TTIIIITIII_G
o o
£c
<< VR02008
r SGS-THOMSON 3/22
Y/, WicRoELECTRONICS
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ST623x

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU logic
(except A/D converter and I/0 pins) using these two
pins. Vpp is power and Vss is the ground connec-
tion.

Vppp and Vssp. Power is supplied to the MCU I/Os
independently from the rest of the chip using these
two pins. These pins have to be connected to the
Vpp and Vss pins. It is not allowed to leave any of
these pins unconnected or to apply different poten-
tials respectively to Vpp/Vppp and Vss/Vssp.

AVpp and AVss. Power is supplied to the MCU A/D
converter independently from the rest of the chip
using these two pins.

OSCin and OSCout. These pins are internally
connected .with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins. Also an external
clock signal can be supplied to OSCin.

RESET. The active low RESET pin is used to
restart the microcontroller to the beginning of its
program.

TEST. The TEST pin must be held at Vss for normal
operation (an internal pull-down resistor selects
normal operating mode if TEST pin is not con-
nected).

NMI. The NMI pin provides the capability for an
asynchronous interrupt applying an external not
maskable interrupt to the MCU. The NMI is falling
edge sensitive. Itis provided with an on-chip pull-up
resistor and Schmitt trigger characteristics.

The user can select as Run mask option (see
option list at the end of the datasheet) the availabil-
ity of an on-chip pull-up at this pin. On EPROM/OTP
versions the selection is made by EPROM option.

PC4/PC7. These 4 lines are organised as one 1/0
port (port C). Each line may be configured under
software control as input with or without internal
pull-up resistor, interrupt generating input with pull-up
resistor, analog input open-drain or push-pull output.

PBO0/PB7. These 8 lines are organised as one /0
port (port B). Each line may be configured under

4/22 o
Ky, 555, THOMSON
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software control as input with or without internal
pull-up resistor, interrupt generating input with pull-up
resistor, analog input open-drain or push-pull output.
PDO/PD7. These 8 lines are organised as one I/0
port (port D). Each line may be configured under
software control as input with or without internal
pull-up resistor, interrupt generating input with pull-
up resistor, analog input open-drain or push-pull
output. In addition, the pins PD5/TXD1 and
PD4/RXD1 can be used as UART input
(PD5/TXD1) or UART output (PD4/RXD1). The
pins PD3/Sout, PD2/Sin and PD1/SCL can also be
used respectively as data Out, data In and Clock
pins for the on-chip SPI.

TIMER. This is the TIMER 1 1/O pin. In input mode,
itis connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In output mode, the TIMER pin outputs the
data bit when a time-out occurs.

The user can select as Run mask option (see
option list at the end of the datasheet) the availabil-
ity of an on-chip pull-up at this pin. On EPROM/OTP
versions the selection is made by EPROM option.

PAO/PA7. These 8 lines are organized as one I/O
port (port A). Each line may be configured under
software control as input with or without internal
pull-up resistor, interrupt generating input with pull-
up resistor, open-drain or push-pull output. In addi-
tion, the pins PA5/CP2, PA4/CP1, PA3/PWM,
PA2/OVF can be used respectively as Compare
Inputs, PWM output and Overflow output pins for
the on-chip ARTIMER16. PAO/PA3 can sink 20mA
in output mode. PA4/PA7 can be configured as
analog inputs.

PEO/PE7. These 8 lines are organized as one 1/0
port (PE). Each line may be configured under soft-
ware control as input with or without internal pull-up
resistor, interrupt generation input with pull-up re-
sistor, open-drain or push-pull output. In output
mode, these lines can also sink 20mA for direct
LED and TRIAC driving.




ST623x

MEMORY SPACES

The MCU operates in three different memory
spaces: program space, data space, and stack
space. A description of these spaces is shown in
the following figures.

Program Space

The program space is physically implemented in
the ROM memory and includes all the instructions
thatare to be executed, as well as the data required
for the immediate addressing mode instructions,
the reserved test area and the user vectors. It is
addressed by the 12-bit Program Counter register
(PC register) and so the ST62xx core can directly
address up to 4K bytes of Program Space. Never-
theless, the Program Space can be extended by
the addition of 2K byte ROM banks as it is shown
in the following figure in which the ST623x 8K byte
memory is described.

The ST623x program space can be protected
against external reading of the ROM contents
when the READOUT PROTECTION mask option is
selected. If this option is selected, the user can blow
a dedicated fuse on the silicon by applying a high
voltage at Vpp, (see detailed information in the “Elec-
trical Specification”).

Note:

Once the fuse is blown, it is no longer possible,
even for SGS-THOMSON, to gain access to the
ROM contents. Returned parts with blown fuse can
therefore not be accepted. ’

Figure 5. ST623x 8K bytes Program Space
Addressing Description

ROM SPACE

PC
SPACE

000h Page 1
Page 0 Static
7FFh Page

800h Static
Page
FFFh (Page 1)

0000h 1FFFh

Page2 | Page3

- ' 5/22
IO C Al
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ST623x

MEMORY SPACES (Continued)

Data Space

The instruction set of the ST62xx core operates on
a specific space, named Data Space, that contains
all the data necessary for the processing of the
program. The Data Space allows the addressing of
RAM and EEPROM memory, ST62xx core/periph-
eral registers, and read-only data such as con-
stants and look-up tables.

Data ROM. All the read-only data is physically im-
plemented inthe ROM memoryin which the Program
Space is also implemented. The ROM memory con-
tains consequently the program to be executed, the
constants and the look-up tables needed for the
program.

The locations of Data Space in which the different
constants and look-up tables are addressed by the
ST62xx core can be considered as being a 64-byte
window through which itis possible to accessto the
read-only data stored in the ROM memory .

Data RAM/EEPROM.The ST623x offer 192 bytes
of data RAM memory and 128 bytes of EEPROM.
64 bytes of RAM are directly addressed in data
space in the range 080h-0BFh (static space). The
additional RAM and EEPROM are addressed using
the banks of 64 bytes located between addresses
00h and 3Fh.

Stack Space

The stack space consists of six 12 bit registers that
are used for stacking subroutine and interrupt re-
turn addresses plus the current program counter
register.

6/22
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Figure 6. ST623x Data Memory Space

000h
DATA and EEPROM petl
040h
DATA ROM WINDOW AREA pl
X REGISTER 080h
YREGISTER 081h
VREGISTER 082h
W REGISTER 083h
084h
DATARAM sl
PORT ADATAREGISTER 0COh
PORT B DATA REGISTER 0C1h
PORT C DATA REGISTER . loczh
PORT D DATAREGISTER 0C3h
PORT A DIRECTION REGISTER 0C4h
PORT B DIRECTION REGISTER 0C5h
PORT C DIRECTION REGISTER 0C6h
PORT D DIRECTION REGISTER 0C7h
INTERRUPT OPTION REGISTER 0Cgh*
DATAROM WINDOW REGISTER 0Coh*
ROM BANK SELECT REGISTER 0CAN*
RAM/EEPROM BANK SELECT REGISTER _| 0CBh”
PORT AOPTION REGISTER 0CCh
PORT B OPTION REGISTER 0CDh
PORT C OPTION REGISTER 0CEh
PORT D OPTION REGISTER 0CFh
AID DATA REGISTER 0D0h
ATD CONTROLREGISTER 0D1h
TIMER 1 PRESCALER REGISTER 0D2h
TIMER 1 COUNTER REGISTER 0D3h
TIMER 1 STATUS/CONTROL REGISTER 0D4h
RESERVED 0D5h
UART DATA SHIFT REGISTER 0D6h
UART STATUS CONTROL REGISTER 0D7h
WATCHDOG REGISTER 0D8h
RESERVED 0Doh
1O INTERRUPT POLARITY REGISTER 0DAh
0SG STATUS CONTROL REGISTER 0DBh
SPIINTERRUPT DISABLE REGISTER 0DCh*
SPI DATA REGISTER 0DDh
RESERVED 0DEh
EEPROM CONTROL REGISTER 0DFh
TIMT6 COMPARE MASK REGISTER LOWBYTE
T1EMSKL OEOh
[TiM16 2ND STATUS CONTROL REGISTER T16SCR2| OE1h
TiM16 SRD STATUS CONTROL REGISTER T16SCR3] 0E2h |
TiM16 4TH STATUS CONTROL REGISTER T16SCR4] OE3h___|
TiM16 1ST STATUS CONTROL REGISTER T16SCR1| OESh __|
TiN16 RELOAD CAPTURE REGISTER HIGHBYTE | (con
T16RLCPH .
TINTG RELOAD GAPTURE REGISTER LOWBYTE [ oo
T16RLCPL
TIM16 CAPTURE REGISTER HIGH BYTE T16CPH_| OEBh
TIM16 CAPTURE REGISTER LOW BYTE T16CPL_| OECh
TIM16 COMPARE VALUE REGISTER HIGH BYTE
T16CMPH OEDh
TIM16 COMPARE VALUE REGISTER LOW BYTE
T16CMPL OEEh
TG COMPARE MASK REGISTER FIGH BYTE | (=
T16MSKH
OFoh
RESERVED pib
PORT E DATA REGISTER OFCh
PORT E DIRECTION REGISTER OFDh
PORT E OPTION REGISTER OFEh
ACCUMULATOR OFFh
* WRITE ONLY REGISTER
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ST623x

INTERRUPTS

The ST62xx core can manage 4 different maskable
interrupt sources, plus one non-maskable interrupt
source (top priority level interrupt). Each source is
associated with a particular interrupt vector that
contains a Jump instruction to the related interrupt
service routine. Each vector is located in the Pro-
gram Space at a particular address (see Table 4).
When a source provides an interrupt request, and
the request processing is also enabled by the
ST62xx core, then the PC register is loaded with
the address of the interrupt vector (i.e. of the Jump
instruction).

Finally, the PC is loaded with the address of the
Jump instruction and the interrupt routine is proc-
essed.

The ST623x microcontrollers have eleven different
interrupt sources associated to five interrupt vec-
tors as it is described in table below.

Table 1. Interrhpt Vector/Source Relationship

Interrupt Source Vector Vector Address
NMI & Port C Interrupt vector #0 | (FFCh, FFDh)
SPI, Port E & A | Interrupt vector #1 | (FF6h, FF7h)
Port B & D Interrupt vector #2 | (FF4h, FF5h)

ARTIMER16 Interrupt vector #3 | (FF2h, FF3h)

aATSTIMERT | nterrupt vector #4 | (FFoh, FF1h)

Interrupt Vectors Description

The ST62xx core includes 5 different interrupt vec-
tors in order to branch to 5 different interrupt rou-
tines in the static page of the Program Space.

— The interrupt vector associated with the non-
maskable interrupt source and Port C is named
interrupt vector #0. It is located at addresses
FFCh,FFDh in the Program Space. This vectoris
associated with the external falling edge sensi-
tive interrupt pin (NMI). Port C interrupt can be
programmed by software either in falling or rising
edge mode according to the code loaded in the
1/O Interrupt Polarity Register (IPR).

— The interrupt vector located at addresses FF6h,
FF7h is named interrupt vector #1. It is associ-
ated with Port E and Port A pins. It can be
programmed by software either in the falling or
rising edge detection mode or in the low level or
high level sensitive detection mode according to
the code loaded in the Interrupt Option Register
(IOR) and in the 1/O Interrupt Polarity Register
(IPR). It is also associated to the SPI cell.

— The interrupt vector located at addresses FF4h,
FF5h is named interrupt vector #2. It is associ-
ated with Port B & D. It can be programmed by
software either in the falling edge detection mode
or in the positive edge detection mode according
to the code loaded in the Interrupt Option Regis-
ter (IOR) and in the I/O Interrupt Polarity Register
(IPR).

— The interrupt vector located at addresses FF2h,
FF3h is named interrupt vector #3. It is associ-
ated with the ARTIMER16 peripheral.

— The interrrupt vector loaded at address FFOh,
FF1h is named interrupt vector #4. It is associ-
ated with the TIMER 1, the A/D converter and the
UART peripherals.

All the on-chip peripherals have an interrupt re-
quest flag bit (TMZ for timer, EOC for A/D). This bit
is set to one when the device wants to generate an
interrupt request and a mask bit (ETI for timer, EAI
for A/D) that must be set to one to allow the transfer
of the flag bit to the core.

Interrupt Priority

The non-maskable interrupt request NMI has the
highest priority and can interrupt any other interrupt
routines at any time, nevertheless the four other
interrupts can not interrupt each other. If more than
one interrupt request are pending, they are proc-
essed by the ST62xx core according to their priority
level: vector #1 has the higher priority while vector
#4 the lower.

The priority of each interrupt source is fixed.

X 7/22
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ST623x

INPUT/OUTPUT PORTS

The ST623x microcontrollers have up to 36 In-
put/Output lines that can be individually pro-
grammed either in the input mode or the output mode
with the following software selectable options:

— Input without pull-up and without interrupt

— Input with pull-up and with interrupt

— Input with pull-up without interrupt

— Analog inputs (PA4-PA7, PB0-PB7, PC4-PC7,
PD0-PD7)

— Timer 1 /O line -

— ARTIMER16 I/O lines (PA2-PAS5)

— SPI control signals (PD1-PD3)

— Push-pull output

— Standard Open drain output

- I2_0mA Open drain output (PA0-PA3,PEO-PE7)
ines.

The lines are organised in five Ports (Port A, B, C,

D and E).

Each port occupies 3 registers in the data space.

Each bit of these registers is associated with a

particular line (for instance, the bits 0 of the Port A

Data, Direction and Option registers are associated
. with the PAO line of Port A).

The five DATA registers (DRA, DRB, DRC, DRD
and DRE) are used to read the voltage level values
of the lines programmed in the input mode, or to

Figure 7. 1/0 Port Block Diagram

write the logic value of the signal to be output on
the lines configured in the output mode. The port
data registers can be read to get the effective logic
levels of the pins, but they can be also written by the
user software, in conjunction with the related option
registers, to select the different input mode options.

Single-bit operations on /O DATA registers are
possible but care is necessary because reading in
input mode is done from 1/O pins while writing will
directly affect the Port data register causing an
undesired change of the input configuration.

The five Data Direction registers (DDRA, DDRB,
DDRC, DDRDand DDRE) allow the selection of the
data direction of each pin (input or output). -

The five Option registers (ORA, ORB, ORC, ORD
and ORE) are used to select the different port
options available both in input and in output mode.

All the 1/O registers can be read or written as any
other RAM location of the data space, so no extra
RAM cell is needed for port data storing and ma-
nipulation. During the initialization of the MCU, all the
I/O registers are cleared and the input mode with
pull-up/no-interrupt is selected on all the pins, thus
avoiding pin conflicts, if ROM option 7 is reset to 0.

If ROM option 7 is set to 1 I/O data registers are set
to FF at reset, selecting input mode without
pull-up/no interrupt on all the I/O pins. All I/O pins
will float at high impedance in that state.

SINCONTROLS ~ oob! VDb
DATA VoD
— | DIRECTION
REGISTER — |
= i
! L] NPUTIOUTPUT
REGISTER
SHIFT ]
REGISTER OFTION
— | REGISTER [ ]
<t
<3
3 <7
- ~~J
~J
P
Sour 5
TO INTERRUPT QL\,
TO ADC \‘J VA000413
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ST623x

INPUT/OUTPUT PORTS (Continued)
Figure 8. Peripheral Interface Configuration of SPI, Timer 1 and ARTIMER16
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TIMERS

The ST623x offers two on-chip Timer peripherals
named Timer 1 and Auto-reload Timer 16. Timer 1
consists of an 8-bit counter with a 7-bit program-
mable prescaler, thus giving a maximum count of
2'5, and control logic that allows configuring the
peripheral in three operating modes. The Auto-reload
Timer is an 16-bit Timer with Auto-reload, Input
Capture and Output Compare capabilities. 4
modes are available for PWM, PLL, time measure-
ment and period measurement.

Timer 1

Figure 33 shows the Timer 1 block diagram. An
external Timer pin is available for the user. The
content of the 8-bit counter can be read/written in
the Timer/Counter register TCR1 which is ad-
dressed in the data space as a RAM location at
addresses D3h. The state of the 7-bit prescaler is
read in the PSC1 register at address D2h. The
control logic device is managed in the TSCR1
register (addresses D4h) as described in the fol-
lowing paragraphs.

The 8-bit counter is decremented by the output
(rising edge) coming from the 7-bit prescaler and
can be loaded and read under program control.
When it decrements to zero then the TMZ (Timer
Zero) bit in the TSCR1 is set to one. If the ETI
(Enable Timer Interrupt) bit in the TSCR1 is also
set to one an interrupt request, associated to
interrupt vector #4, is generated. The interrupt
service routine then should poll bit TMZ in TSCR1
to determine if the interrupt has been generated by
UART, Timer 1 or by the A/D Converter. The Timer
1 interrupt can be used to exit the MCU from the
WAIT mode.

10/22
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The Timer 1 Prescaler input can be the internal
clock divided by 12 or an external clock at the Timer
1/0 pin. The prescaler decrements on the rising
edge. Depending on the division factor pro-
grammed by PS2, PS1 and PSO0 bits in TSCR1, the
clock input of the timer/counter register is multi-
plexed to different sources. On division factor 1, the
clock input of the prescaler is also that of
timer/counter; on factor 2, bit 0 of prescaler register
is connected to the clock input of TCR1. This bit
changes its state with the half frequency of pres-
caler clock input. On factor 4, bit 1 of PSC1 is .
connected to clock input of TCR1, and so on. The
prescaler initialize bit PSlin the TSCR1 register must
be set to one to allow the prescaler (and hence the
counter) to start. If it is cleared to zero then all of the
prescaler bits are set to one and the counter is
inhibited from counting. The prescaler can be given
any value between 0 and 7Fh by writing to addresses
D2h, if bit PSI in the TSCR1 register is set to one.
The tap of the prescaler is selected using the
PS2,PS1,PSO0 bits in the control register. Figure 34
shows the Timer 1 working principle.

Timer Operating Modes

There are 3 operating modes of the Timer1 periph-
eral. They are selected by the bits TOUT and DOUT
(see TSCR1 register). These three modes corre-
spond to the two-clock frequencies that can be
connected on the 7-bit prescaler (fosc/12 or TIMER
pin signal) and to the output mode.




ST623x

TIMERS (Continued)

Clock Input Mode (TOUT = “0”, DOUT = “0”). In
this mode the TIMER pin is an input and the pres-
caleris decremented onrising edge. The maximum
input frequency that can be applied to the external
pin in this mode is 1/8 of the oscillator frequency.

Gated Mode (TOUT = “1”, DOUT = data out). In
this mode the prescaler is decremented by the
Timer clock input (oscillator divided by 12) but
ONLY when the signal at TIMER pin is held high
(giving a pulse width measurement potential). This

Figdre 9. Timer 1 Peripheral Block Diagram

mode is selected by the TOUT bit in TSCR register
cleared to "0" (i.e. as input) and DOUT bit set to “1".

. Output Mode (TOUT = “1”, DOUT = data out).

The TIMER pin is connected to the DOUT latch.
Therefore the timer prescaler is clocked by the
prescaler clock input (fosc/12).

In clock input mode and gated mode (TOUT = “0")
a pull-up device is connected to TIMER pin if ROM
option 3 is set to 0, providing a high level resistance
at this pin. If ROM option 3 is set to 1 the pull-up is
off and the TIMER pin is floating at high imped-
ance.
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ARTIMER 16

The ARTIMER 16 is a powerful 16-bit timer module.
ltincludes PWM and frequency output modes, with

versatile capture and compare modes for resolving

many timing requirements. Most of the AR-
TIMER16 modes can run in parallel with minimum
user overhead.

All timer registers in the ARTIMER16 are 16-bit,
and are accessed from the 8-bit internal bus. The
full 16-bit word is written in two bytes, the high byte
first and then the low byte. The high byte is stored
in an intermediate register and is written to the

Figure 10. ARTIMER16 Block Diagram

target 16-bit register at the same time as the write
to the low byte. This high byte will remain constant
if further writes are made to the low bytes, until the
high byte is changed. Full Read/Write access is
available to all registers except where indicated.

The ARTIMER1 6 includes four 16-bit registers, four
8-bit status/control registers and the associated
control logic. Two outputs provide PWM and Over-
flow (OVF) output signals each with programmable
polarity, and two inputs CP1 and CP2 control start-
up, capture and/or reload operations on the central
counter.
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ST623x

ARTIMER 16 (Continued)

The central counter is a 16-bit synchronous down
counter which accepts the buffered Oscillator clock
through a prescaler with a programmable division
ratio (1/1, 1/4, 1/16). This counter can be Reloaded
on an event on the input pins, or on an overflow,
and its value can be stored into the Capture regis-
ters on an external event.

The value in the counter is continuously compared
to the value programmed into the Compare Regis-
ter, and when a match is made the PWM output bit
may be toggled or Set/Reset. When the counter
value is zero, the OVF overflow output bit can be
set or toggled and, in PWM mode with Set/Reset,
the PWM output bit is Reset/Set.

The range of the comparison register can be modi-
fied by using the Mask register which offers the
capability to reduce the number of bits used in the
comparison, thus lowering the period and increas-
ing the frequency.

To allow very low power standby operation, and to
allow a synchronous startup, the clock to the
counter can be stopped, and the comparisons put
on hold. This signal (RUNRES) must be active to
use the ARTIMER16.

The operational modes of the ARTIMER16 are:
PWM generation

Frequency Generation

Reload Functions

Capture Functions

LSy SGS-THOMSON 13/22
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DIGITAL WATCHDOG

The digital Watchdog of the ST623x device con-
sists of a down counter that can be used to provide
a controlled recovery from a software upset.

The Watchdog generates a system reset when the
counter passes 00h. User software can prevent the
reset by reloading the counter. User software
should therefore be written in such a way that the
counter is regularly reloaded as long as the soft-
ware runs correctly. In the case of software upset
(e.g. infinite loop or power supply fail), user soft-
ware should not reload the counter so it will pass
00h and reset the MCU.

The Watchdog activation (hardware or software) is
user selectable by mask option. If the hardware
option is selected the Watchdog is automatically
initialised after reset so that this function does not
need to be activated by the user program.

The Watchdog uses one data space register
(DWDR location D8h). The Watchdog register is
set to FEh on reset and counts down when acti-
vated. The Watchdog time can be adjusted through
the value reloaded into the DWDR register. Only
the 6 MSbits are significant. This gives the possi-
bility to generate a reset in a time between 3072 to
196608 clock cycles in 64 possible steps (with a
clock frequency of 8MHz this means from 384us to
24.576ms). The reset is prevented if the register is
reloaded before bits 2-7 decrement from all zeros
to all ones.

The actual watchdog behaviour is controlled by two
mask options: the WATCHDOG ACTIVATION and
tr;e EXTERNAL STOP MODE CONTROL (see Ta-
ble 13).

The WATCHDOG ACTIVATION can be software (it
is launched by software) or hardware (it automat-
ically starts counting down after reset). When the
software activation is, selected, the watchdog can
be launched by setting to 1 bit 0 of the Digital
Watchdog Register after bit C of this register has
been setto 1. Once activated, the watchdog cannot
be stopped by software: a full external reset is
mandatory.

When the EXTERNAL STOP MODE CONTROL is
disabled, the STOP instruction is inhibited as soon
as the watchdog is active. A WAIT instruction is
processed instead and the watchdog continues to
countdown. When the EXTERNAL STOP MODE
CONTROL is enabled, the NMI pin allows, in addi-
tion to the interrupt generation, to control the exe-

14/22
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Figure 11. Watchdog Working Principle
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cution of the STOP instruction. It is inhibited when
NMI is low (a WAIT instruction is processed in-
stead). When NMI is high, a STOP instruction
freezes the watchdog counter before entering the
STOP mode. When the micro exits from the STOP
mode (for example, when an NMI interrupt is gen-
erated), the watchdog resumes activity.

Note:

When the software activation is selected and the
watchdog is not activated, the 7 MSbits of the
counter can be used to perform timer functions.
Care must be taken as the Watchdog bits are in
reverse order.

Bit 1 of the Watchdog register (set to one at reset)

can be used to generate a software reset if cleared
to zero.




ST623x

DIGITAL WATCHDOG (Continued)

Table 2. Watchdog Activation and External STOP Mode Control

15/22

External Stop
Activation Mode Control NMI STOP Mode Status
Disabled X No STOP mode
Hardware
‘ Enabled No STOP mode
1 STOP mode available
. STOP mode available if
Disabled X watchdog not active
Software 0 STOP mode available if
Enabled watchdog not active
1 STOP mode available
‘— SGS-THOMSON
Y/, MicRoELECTAONICS
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ST623x

8-BIT A/D CONVERTER

The A/D converter of ST623x devices is an 8-bit
analog to digital converter with up to 24 analog
inputs (ST6235) as alternate functions of 1/0O lines.
It offers 8-bit resolution with total accuracy +2L.SB
and a typical conversion time of 70ms (clock fre-
quency of 8MHz).

The A/D peripheral converts the input voltage by a
process of successive approximations using a
clock frequency derived from the oscillator with a
division factor of twelve. With an oscillator clock
frequency less than 1.2MHz, the A/D converter
accuracy is decreased.

The selection of the pin signal that has to be
converted is done by configuring the related I/O line
as analog input through the /O ports option and
data registers (refer to 1/O ports description for
additional information). Only one I/O line must be
configured as analog input at a time. The user must
avoid the situation in which more than one 1/O pin
is selected to be analog input to avoid malfunction
of the ST62xx.

The ADC uses two registers in the data space: the
ADC data conversion register which stores the
conversion result and the ADC control register used
to program the ADC functions.

A conversion is started by writing a “1” to the Start
bit (STA) in the ADC control register. This automat-
ically clears (resets to “0”) the End Of Conversion
Bit (EOC). When a conversion has been finished
this EOC bit is automatically set to “1” in order to
flag that conversion is complete and that the data
in the ADC data conversion register is valid. Each
conversion has to be separately initiated by writing
to the STA bit.

The STA bit is continually being scanned so that if
the user sets it to “1” while a previous conversion
is in progress then a new conversion is started
before the previous one has been completed.The
start bit (STA) is a write only bit, any attempt to read
it will show a logical “0".

The A/D converter has a maskable interrupt asso-
ciated to the end of conversion. This interrupt is
associated to the interrupt vector #4 and occurs
when the EOC bit is set, i.e. when a conversion is
.completed. The interrupt is masked using the EAI
(interrupt mask) bit in the control register.

16/22
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Figure 12. A/D Converter Block Diagram
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The power consumption of the device can be re-
duced by turning off the ADC peripheral. That is
achieved when the PDS bit in the ADC control
register is cleared to “0”. If PDS="1", the A/D is
supplied and enabled for conversion. This bit must
be set at least one instruction before the beginning
of the conversion to allow the stabilisation of the
A/D converter. This action is needed also before
entering the WAIT instruction as the A/D compara-
tor is not automatically disabled by the WAIT mode.

During reset any conversion in progress is stopped,
the control register is reset to 40h and the A/D
interrupt is masked (EAI=0).

Notes:
The reference voltage inputs of the A/D converter
cell are connected to separate pins AVpp and AVss

(ST6232, ST6235). This offers the following fea-
tures:

— definition of conversion range independently of the
controler supply voltage (Vss<AVss<Avpp<Vbb)

— reduced conversion range for higher accuracy

reduced noise due to decoupling independent from
the MCU supply.




ST623x

U.AR.T.

The UART (Universal Asynchronous Recei-
ver/Transmitter) provides the basic hardware for
asynchronous serial communication which, combi-
ned with an appropriate software routine, gives a
serial interface providing communication with com-
mon baud rates (up to 38,400 Baud with an 8MHz
external oscillator) and flexible character formats.

Figure 13. UART Block Diagram

Operating in Half-Duplex mode only, the UART
uses 11-bit characters comprising 1 start bit, 9 data
bits and 1 Stop bit. Parity is supported by software
only for transmit and for checking the received
parity bit (bit 9). Transmitted data is sent directly,
while received data is buffered allowing further data
characters to be received while the data is being
read out of the receive buffer register. Data transmit
has priority over data being received.
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SERIAL PERIPHERAL INTERFACE (SPI)

The ST623x SPI is an optimized serial synchronous
interface that supports a wide range of industry
standard SPI specifications. The ST623x SPl is con-
trolled by small and simple user software to perform
serial data exchange. The serial shift clock can be
implemented either by software (using the bit-set and
bit-reset instructions), with the on-chip Timer 1 by
externally connecting the SPI clock pin to the timer
giglor by directly applying an external clock to the

The peripheral is composed by an 8-bit Data/shift
Register (address DDh) and a 4-bit binary counter.
The SCL, Sin and Sout SPI data and clock signals
are connected to the PD1, PD2 and PD3 /O lines.
With the 3 I/O pins, the SPI can operate in the
followmg operating modes: Software SPI, S-BUS,
IC-bus and as a standard serial 1/O (clock data,
enable). An interrupt request can be generated
after eight clock pulses. Figure 14 shows the SPI
block diagram.

The PD1/SCL line clocks, on the falling edge, the
shift register and the counter. To allow SPI opera-
tion the PD1/SCL must be programmed as input,
an external clock supplied to this pin will drive the
SPI peripheral (slave mode).

Figure 14. SPI Block Diagram

If PD1/SCLis programmed as output, a clock signal
can be generated by software, setting and resetting
the port line by software (master mode).

The SCL clock signal is the shift clock for the SPI
datay/shift register. The PD2/Sin pin is the serial shift
input and PD3/Sout is the serial shift output. These
two lines can be tied together to implement two wires
protocols (IRC-bus, etc). When data is serialized, the
MSB is the first bit. PD2/Sin has to be programmed

" asinput. For serial output operation PD3/Sout has to
be programmed as open-drain output.

After 8 clock pulses (D7..D0) the output Q4 of the
4-bit binary counter becomes low, disabling the clock
from the counter and the data/shift register. Q4 en-
ables the clock to generate an interrupt on the 8th
clock falling edge as long as no reset of the counter
(processor write into the 8-bit data/shift register)
takes place. After a processor reset the interrupt is
disabled. The interrupt is active when writing data in
the shift register (DDh) and desactivated when writ-
ingc:;ny data in the register SPI Interrupt Disable
0DCh.
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ST62E3x, T3x

8-BIT OTP/EPROM HCMOS MCUs WITH
A/D CONVERTER,EEPROM, UART & 16-BIT AUTO-RELOAD

= 4.5 to 6.0V Supply Operating Range

» 8 MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
Run, Wait & Stop Modes

5 different interrupt vectors

Look-up table capability in EPROM

User EPROM: 8K bytes

Data EPROM: User selectable size
(in program EPROM)

Data RAM: 192 bytes

EEPROM: 128 bytes

CDIP28 package (ST62E30)

CDIP42 package (ST62E32)

PDIL28, PSO28 package (ST62T30)

SDIP42 package (ST62T32)

PQFP52, CQFP52W package (ST62E35, T35)
Up to 36 fully software programmable 1/O as:

— Input with pull-up resistor

— Input without pull-up resistor

— Input with interrupt generation

— Open-drain or push-pull outputs

— Analog Inputs

Up to 12 I/0 lines can sink up to 20mA for direct
LED or TRIAC driving

8 bit counter with a 7-bit programmable prescaler
(TIMER 1)

= 16 bit Auto-reload Timer (ARTIM16)

= Digital Watchdog

8 bit A/D Converter with up to 24 multiplexed
analog inputs

= 8 bit Asynchronous Peripheral Interface (UART)
8 bit Synchronous Peripheral Interface (SPI)
On-chip clock oscillator driven by Quartz Crystal
or Ceramic resonator

Power-on Reset

One external not maskable interrupt

9 powerful addressing modes

The development tool of the ST623x microcon-
trollers consists of the ST623x-EMU emulation
and development system connected via a stand-
ard RS232 serial line to an MS-DOS Personal
Computer

July 1994

FUNCTIONAL DESCRIPTION

PDIP28

7
‘oY
‘.‘.‘.f\
~
Ao

PS028

PQFP52

(Ordering Information at the end of the datasheet)

EPROM PACKAGES

CDIP28W

CQFP52W

The ST62E3x are the EPROM versions, the
ST62T3x are the OTP versions. Both are compat-
ible with the ROM versions.

19/22
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ST623x

GENERAL DESCRIPTION

The ST62E3x, T3x microcontrollers are members
of the 8-bit HCMOS ST62XX family, a series of
devices oriented to low-medium complexity appli-
cations. They are the EPROM and OTP versions
of the ST623x devices. EPROM are suited for
development. OTP are suited for prototyping, pre-
series, low to mid volume series and inventory
optimisation for customers having several applica-
tions using the same MCU.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST623X ROM DEVICES
FOR FURTHER DETAILS.

EPROM/OTP DESCRIPTION

The ST62E3X are the EPROM version of the
ST623x products. They can be programmed and
erased when submitted to Ultra Violet light. The
ST62T3x use the same die as the EPROM version,
housed in a plastic package opaque to the UV light.

From the user point of view (with the following
exceptions) the ST62E3x and ST62T3x have ex-
actly the same software and hardware features as
the ROM versions. An additional mode is used to
configure the part for programming of the EPROM,
this is set by a +12.5V voltage applied to the
TEST/Vep pin. The programming of the ST62T3x
is described in the User Manual of the EPROM
Programming board.

Discrepancies versus ROM

The operating voltage range is from 4.5V to 6.0 V
instead of 3.0V to 6.0V for the ROM device.

20/22
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ROM Option Emulation

The ROM mask options that can be selected by the
user in the ROM devices can be selected on the
EPROM/OTP devices by an EPROM CODE byte
that can be programmed with the ST62E3x
EPROM programming tools. This EPROM CODE
byte is automatically read, and the selected options
enabled when the chip reset is activated.

The Option byte is written during programming
either by using the PC menu (PC driven mode) or
automatically (stand-alone mode).

EPROM ERASING

The EPROM of the windowed package of the
ST62E3x may be erased by the exposure to Ultra
Violet light.

The erasure characteristics of the ST62E3x is such
that erasure begins when the memory is exposed
to light with a wave lengths shorter than approxi-
mately 4000A. It is thus recommended that the
window of the ST62E3x packages be covered by
an opaque label to prevent unintentional erasure
problems when testing the application.

The recommended erasure procedure of the
ST62E3x is the exposure to short wave ultraviolet
light which have a wave-length 2537A. The inte-
grated dose (i.e. U.V. intensity x exposure time) for
erasure should be a minimum of 15W-sec/cm?. The
erasure time with this dosage is approximately 15
to 20 minutes using an ultraviolet lamp with
12000pW/cm? power rating. The ST62E3x should
be placed within 2.5cm (1inch) of the lamp tubes
during erasure.




ST623x

OPTION BYTE

The Option byte enables emulation of the mask
options of the ROM devices. It can only be ac-
cessed during the programming mode. This access
is made either automatically (copy from master
device) or by selecting the “OPTION BYTE PRO-
GRAMMING” mode of the programmer. The Option
byte is located in a non-user accessible map. No
address has to be specified.

Figure 1. EPROM Code Option Byte

OPTION BYTE
‘D7|DS|DS|D4|DS|DZ|D1|DO|

DO =OPTION 1
D1=0PTION 2
D2 =0PTION 3
D3 =OPTION 4
D4 =0PTION 5
D5=0PTION 6
D6=0PTION7

D7=0OPTION8

Ky, 355 THOMSON
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ST623x )

AVAILABLE ROM OPTIONS FOR ST623x

AVAILABLE ROM OPTIONS FOR
ST623x Output Logic State

OPTION 1 Must be set at 1
0: hardware watchdog

OPTION 2 1: software watchdog
0: Timer pull-up on

OPTION 3 1: Timer pull-up off
0: NMI pull-up on

OPTION 4 1: NMI pull-up off
0: for DIP28, QFP52, PS0O28

OPTION 5 1: for SDIL42

OPTION 6 0: NMI does not affect STOP instruction if WD is enabled
1: NMI affects STOP instruction if WD is enabled
0: Port pull-up resistors on at reset

OPTION 7 1: Port pull-up resistors off at reset
0: EPROM read-out protection disabled

OFTION 8 1: EPROM read-out protection enabled

22/22
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[_ SGS-THOMSON
Y. vicRoELECTRONICS ST6240

8-BIT HCMOS MCU WITH LCD DRIVER,
EEPROM AND A/D CONVERTER

PRELIMINARY DATA

= 3to 6V supply operating range’

= 8.4MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

= 5 different interrupt vectors

= | ook-up table capability in ROM

o

= User ROM: 7948 bytes e~
Data RAM: 192 bytes Ir \
LCD RAM: 24 bytes J%\ )
EEPROM: 128 bytes PQFP80

= PQFP80 package

= 16 fully software programmable 1/O as:

- Input with/without pull-up resistor ) "
- Input with interrupt generation (Ordering Information at the end of the datasheet)

- Open-Drain or Push-pull outputs
- Analog Inputs (12 pins)

= 4 1/0 lines can sink up to 20mA for direct LED or
TRIAC driving, and have SPI alternate functions

= Two 8-bit counters with 7-bit programmable
prescalers (Timers 1 and 2)

= Software or hardware activated digital watchdog
= 8-bit A/D converter with up to 12 analog inputs

= 8-bit synchronous Serial Peripheral Interface
(SPI)

= L CD driver with 45 segment outputs, 4 back-
plane outputs and selectable duty cycle for up to
180 LCD segments direct driving

= 32kHz oscillator for stand-by LCD operation
= Power Supply Supervisor (PSS)

= One external not maskable interrupt

= 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

The ST62E40 is the EPROM version, ST62T40
is the OTP version

= Development tool: ST6240-EMU connected via
RS232 to an MS-DOS Personal Computer

December 1993 179
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ST6240

Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout
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ST6240 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
| S43 25 RESET 64 S26 65 | s27
2 S44 26 0SCout 63 S25 66 S28
3 S45 27 0SCin 62 S24 67 | s29
4 S46 28 WDON 61 S23 68 | S30
5 s47 29 NMI 60 822 69 S34
6 S48 30 TIMER 59 S21 70 S32
7 COM4 31 PB7/Sout " 58 S20 71 s33
8 COM3 32 pB6/Sin - " 57 S19 72 S34
9 COoM2 33 pB5/SCL 56 S18 73 S35
10 coMmi1 34 | PB4 m 55 S17 74 S36
11 VLCD1/3 35 PB3/Ain 54 S16 75 S37
12 | vLcpzss 36 PB2/Ain 53 s15 76 | s38
13 VLCD 37 PB1/Ain 52 S14 77 | s39
14 PA7/Ain 38 PBO/AIn 51 S13 78 | s40
15 PA6/Ain 39 0SC32out 50 S12 79 | sS4
16 PA5/Ain 40 0SC32in 49 S, 80 | S42
17 PA4/Ain 48 s10
18 TEST 47 S9
19 PA3/Ain 46 S8
20 PA2/AIn 45 s7
21 PA1/Ain 44 S6
22 PAO/Ain 43 S5
23 Vop 42 S4
24 | Vss 41 PSS
Note 1: 20mA Sink
2/79 E
Kyy, SESTHOMSON
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ST6240

GENERAL DESCRIPTION

The ST6240 microcontroller is a member of the
8-bit HCMOS ST62xx family, a series of devices
oriented to low-medium complexity applications. All
ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6240 are: a high perform-
ance LCD controller/driver with 45 segment out-
puts and 4 backplanes able to drive up to 180
segments, two Timer peripherals each including an
8-bit counter with a 7-bit software programmable

Figure 2. ST6240 Block Diagram

prescaler (Timer), the digital watchdog (DWD), an
8-bit A/D Converter with up to 12 analog inputs, a
Power Supply Supervisor and an 8-bit synchronous
Serial Peripheral Interface (SPI). In addition these
devices offer 128 bytes of EEPROM for storage of
non volatile data. Thanks to these peripherals the
ST6240 is well suited for general purpose, automo-
tive, security, appliance and industrial applications.
The ST62E40 EPROM version is available for pro-
totypes and low-volume production, an OTP ver-
sion is also available (see separate datasheet).

8 BIT .
A/D CONVERTER PAO-PAT7IAIN
TEST [ H TEST
PB0-PB3/Ain
PB4/20mA SINK
NMI [ INTERRUPT PB5/SCL/20mA SINK
PB6/Sin/20mA SINK
PB7/Sout/20mA SINK
DATA ROM
USER <:> SERIAL PERIPHERAL
SELECTABLE INTERFAGE ( SPI)
USER PROGRAM
ROM DATA RAM <:>
7948 BYTES 192 BYTES ” 7 TiMeR
DATA EEPROM <::>
TIMER 2
ﬁ DIGITAL .
|
PSS
STACK LEVEL 1
STACK LEVEL 2 oscani
in
STACK LEVEL 3 ﬁ
STACK LEVEL 4 8 BIT CORE 0SC320ut
STACK LEVEL§ .
STACK LEVEL 6 S4-S48 (segments)
LCD DRIVER
COM1-COM4
POWER LI
| SUPPLY | ‘oscn.uwon‘ | RESET ‘
Lr [ VA000479
Voo Vg OSCin OSCout  RESET VLCD1/3 VLCD2/3 VLCD
Note:
Ain= Analog Input
Ly SGS-THOMSON 3/79
’Io MICROELECTRONICS
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ST6240

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin. ’

RESET. The active low RESET pinis used to restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST. The TEST must be held at Vss for normal
operation '(an internal pull-down resistor selects
normal operating mode if TEST pin is not con-
nected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU.This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

TIMER. This is the TIMER 1 1/O pin. In input mode
it is connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the TIMER pin outputs
the data bit when a time-out occurs.

WDON. This pin selects the watchdog enabling
option (hardware or software). A low level selects
the hardware activated option (the watchdog is
always active), a high level selects the software
activated option (the watchdog can be activated by
software, deactivated only by reset, thus enabling
STOP mode). An internal pull-up resistance selects
the software watchdog option if the WDON pin is
not connected.

PA0-PA7. These 8 lines are organized as one /O
port (A). Each line may be configured under soft-
ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5mA drive
capability in output mode.

479 K37, S55:THOMSON

PB0-PB3,PB4-PB7. These 8 lines are organized
as one /O port (B). Each line may be configured
under software control as an input with or without
internal pull-up resistor, interrupt generating input
with pull-up resistor, open-drain or push-pull out-
put. PB0-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink 20mA for direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/O signals.

COM1-COMA4. These four pins are the LCD periph-
eral common outputs. They are the outputs of the
on-chip backplane voltage generator which is used
for multiplexing the 45 LCD lines allowing up to 180
segments to be driven.

S4-S48. These pins are the 45 LCD peripheral
driver outputs of ST6240. Segments S1-S3 are not
connected to any pin.

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S4-S48
pins.

VLCD1/3, VLCD2/3. Display supply voltage inputs
for determining the display voltage levels on
COM1-COM4 and S4-S48 pins during multiplex
operation.

PSS. This is the Power Supply Supervisor sensing
pin. When the voltage applied to this pin is falling
below a software programmed value the highest
priority (NMI) interrupt can be generated. This pin
has to be connected to the voltage to be super-
vised.

0SC32in and OSC32out. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC32out is the
output pin.

o MICROELECTRONICS
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ST62E40
ST62T40

8-BIT OTP/EPROM HCMOS MCUs WITH LCD
DRIVER,EEPROM AND A/D CONVERTER

= 3 to 6V supply operating range

m 8.4MHz Maximum Clock Frequency
= Run, Wait & Stop Modes

= 5 different.interrupt vectors

= Look-up table capability in EPROM

» User EPROM: 7948 bytes
Data RAM: 192 bytes
LCD RAM: 24 bytes
EEPROM: 128 bytes

= PQFP80 and CQFP80-W packages

= 16 fully software programmable I/O as:
- Input with/without pull-up resistor
- Input with interrupt generation
- Open-Drain or Push-pull outputs
- Analog Inputs (12 pins)

= 4 /0 lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= Two 8-bit counters and -7-bit programmable .

prescalers (Timer 1 and 2)
= Software or hardware activated digital watchdog
= 8-bit A/D converter with up to 12 analog inputs

m 8-bit synchronous serial peripheral interface
PI)

s | CD driver with 45 segment outputs, 4 backplane
outputs and selectable duty cycle for up to 180
LCD segments direct driving

= 32kHz oscillator for stand-by LCD operation
= Power Supply Supervisor (PSS)

= One external not maskable interrupt

= 9 powerful addressing modes '

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

= The ST62E40 is the EPROM version, ST62T40
is the OTP version, fully compatible with ST6240
ROM version.

December 1993

PRELIMINARY DATA

L

St

PQFP80

CQFP80-W

(Ordering Information at the end of the datasheet)

67/79
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ST62E40 - ST62T40

Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout

80 65
I0T——Tnn
°

1= =64
2 =
3 =
i |
| |
I I
| |
| |
| I
= =
| — —
24— 41
OO __1a
25 40
VROA1649
ST62E40/T40 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 543 25 RESET 64 S26 65 s27
2 S44 26 0SCout 63 s25 66 s28
3 S45 27 0OSCin 62 S24 67 S29
4 S46 28 WDON 61 s23 68 S30
5 s47 29 NMI 60 S22 69 S31
6 S48 30 TIMER 59 s21 70 S32
7 COM4 31 PB7/Sout ¥ 58 $20 71 $33
8 coM3 32 pBe/Sin - 57 s19 72 | s34
9 coMm2 33 pes/scL 56 s18 73 | S35
10 coM1 34 PB4 U 55 s17 74 S36
11 VLCD1/3 35 PB3/Ain 54 S16 75 S37
12 VLCD2/3 36 PB2/Ain 53 s15 76 S38
13 VLCD 37 PB1/Ain 52 S14 77 $39
14 PA7/Ain 38 PBO/AIN 51 S13 78 S40
15 PAG6/Ain 39 0SC32out 50 s12 79 S41
16 PA5/Ain 40 0SC32in 49 St 80 S42
17 PA4/Ain 48 S10
18 TESTVpp 47 s9
19 PA3/Ain 46 S8
20 PA2/Ain 45 s7
21 PA1/Ain 44 S6
22 PAO/Ain 43 S5
23 Vob 42 s4
24 Vss 41 PSS
Note 1: 20mA Sink
68/79 .
Kyy, SESTHOMSON
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ST62E40 - ST62T40

GENERAL DESCRIPTION

The ST62E40,T40 microcontrollers are members
of the 8-bit HCMOS ST62xx family, a series of
devices oriented to low-medium complexity appli-
cations. They are the EPROM/OTP versions of the
ST6240 ROM device and are suitable for product
prototyping and low volume production. All ST62xx
members are based on a building block approach:
a common core is associated with a combination
of on-chip peripherals (macrocells). The macro-
cells of the ST6240 family are: a high performance
LCD controller/driver with 45 segment outputs and
4 backplanes able to drive up to 180 segments, two

Figure 2. ST62E40 Block Diagram

Timer peripherals each including an 8-bit counter
with a 7-bit software programmable prescaler
(Timer), the digital watchdog timer (DWD), an 8-bit
A/D Converter with up to 12 analog inputs, a Power
Supply Supervisor and an 8-bit synchronous Serial
Peripheral Interface (SPI). In addition these devices
offer 128 bytes of EEPROM for storage of non
volatile data. Thanks to these peripherals the
ST6240 family is well suited for general purpose,
automotive, security, appliance and industrial ap-
plications.

8 BIT PA0-PA7/AIn
CONVERTER
TEST/V,, J} TEST il
PBO0-PB3/Ain
PB4/20mA SINK
NMi [H  INTERRUPT PB5/SCL/20mA SINK
PB6/SIn/20mA SINK
PB7/Sout/20mA SINK
DA;‘;ER:M <::> SERIAL PERIPHERAL
SELECTABLE INTERFACE ( SPI)
USER PROGRAM
EPROM DATA RAM @
7948 BYTES 192 BYTES — TIMER 1 1 TIMER
DATA EEPROM <:>
TIMER 2
ﬁ DIGITAL
|
PSS
STACK LEVEL 1
STACK LEVEL 2 0563
2in
STACK LEVEL 3 <:>
STACK LEVEL 4 8 BIT CORE 0SC320ut
STACK LEVEL 5
STACK LEVEL 6 S4-548 (segments)
LCD DRIVER
COM1-COM4
POWER L
SUPPLY Ioscmuronl l RESE‘I’—l
o L] VA00C479
Vop Vsg OSCin OSCout  RESET VLCD1/3 VLCD2/3 VLCD
Note: Ain = Analog Input
L§y SGS-THOMSON 69/79
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ST62E40 - ST62T40

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pinis usedto restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST/Vpp. The TEST must be held at Vss for
normal operation (an internal pull-down resistor
selects normal operating mode if TEST pin is not
connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU.This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

TIMER. This is the TIMER 1 1/0 pin. In input mode
itis connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the TIMER pin outputs
the data bit when a time-out occurs.

WDON. This pin selects the watchdog enabling
option (hardware or software). A low level selects
the hardware activated option (the watchdog is
always active), a high level selects the software
activated option (the watchdog can be activated by
software, deactivated only by reset, thus enabling
STOP mode). Aninternal pull-up resistance selects
the software watchdog option if the WDON pin is
not connected.

PAOQ-PA7. These 8 lines are organized as one I/0
port (A). Each line may be configured under soft-
ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5mA drive
capability in output mode.

70/79
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PB0-PB3,PB4-PB7. These 8 lines are organized
as one 1/O port (B). Each line may be configured
under software control as an input with or without

* internal pull-up resistor, interrupt generating input

with pull-up resistor, open-drain or push-pull out-
put. PBO-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink20mA for direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/O signals.

COM1-COMA4. These four pins are the LCD periph-
eral common outputs. They are the outputs of the
on-chip backplane voltage generator which is used
for multiplexing the 45 LCD lines allowing up to 180
segments to be driven.

S4-S48. These pins are the 45 LCD peripheral
driver outputs of ST6240. Segments S1-S3 are not
connected to any pin.

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S4-S48
pins.

VLCD1/3, VLCD2/3. Display supply voltage inputs
for determining the display voltage levels on
COM1-COM4 and S4-S48 pins during multiplex
operation.

PSS. This is the Power Supply Supervisor sensing
pin. When the voltage  applied to this pin is falling
below a software programmed value the highest
priority (NMI) interrupt can be generated. This pin
has to be connected to the voltage to be super-
vised.

0SC32in and OSC32out. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC32o0ut is the
output pin.




ST62E40 - ST62T40

ST62E40,T40 EPROM/OTP DESCRIPTION

The ST62E40is the EPROM version of the ST6240
ROM product. It is intended for use during the
development of an application, and for pre-produc-
tion and small volume production. The ST62T40
OTP has the same characteristics. Both include
EPROM memory instead of the ROM memory of
the ST6240, and so the program and constants of
the program can be easily modified by the user with
the ST62E40 EPROM programming board from
SGS-THOMSON.

From a user point of view (with the following excep-
tion) the ST62E40,T40 products have exactly the
same software and hardware features of the ROM
version. An additional mode is used to configure
the part for programming of the EPROM, this is set
by a +12.5V voltage applied to the TEST/Vpp pin.
The programming of the ST62E40,T40 is de-
scribed in the User Manual of the EPROM Pro-
gramming board.

On the ST62EA40, all the 8192 bytes of PROGRAM
memory are available for the user, as all the
EPROM memory can be erased by exposure to UV
light. On the ST62T40 (OTP) device) a reserved
area for test purposes exists, as for the ST6240
ROM device. In order to avoid any discrepancy
between program functionality when using the
EPROM, OTP and ROM it is recommended not to
use these reserved areas, even when using the:
ST62E40.

Other than this exception, the ST62E40,T40 parts
are fully compatible with the ROM ST6240 equiva-
lent, this datasheet thus provides only information
specific to the EPROM based devices.

‘ -THOMSON
/A msﬂ&:%@gémﬁ@mn@s

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6240 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

EPROM ERASING

The EPROM of the windowed package of the
ST62E40 may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E40 EPROM
is such that erasure begins when the memory is

.exposed to light with wave lengths shorter than

approximately 4000A. It should be noted that sun-
light and some types of fluorescent lamps have

. wavelengths in the range 3000-4000A. 1t is thus

recommended that the window of the ST62E40
package be covered by an opaque label to prevent
unintentional erasure problems when testing the
application in such an environment.

The recommended érasure procedure of the
ST62E40 EPROM is exposure to short wave ultra-
violet light which has wavelength 2537A. The inte-
grated dose (i.e. UV intensity x exposure time) for
erasure should be a minimum of 15 W-sec/cm?.
The erasure time with this dosage is approximately
15 to 20 minutes using an ultraviolet lamp with
12000pW/cm? power rating. The ST62E40 should
be placed within 2.5 cm (1 inch) of the lamp tubes
during erasure.

71179
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8-BIT HCMOS MCU WITH LCD DRIVER,
AND A/D CONVERTER

PRELIMINARY DATA

m 3to 6V supply operating range
= 8.4MHz Maximum Clock Frequency

-40 to +85°C Operating Temperature Range
Run, Wait & Stop Modes

5 different interrupt vectors

Look-up table capability in ROM

» User ROM: ’ 7948 bytes
Data RAM: 128 bytes , PQFP64
LCD RAM: 24 bytes

= PQFP64 package

10 fully software programmable 1/O as: (Ordering Information at the end of the datasheet)
- Input with/without pull-up resistor
- Input with interrupt generation

- Open-Drain or Push-pull outputs
- Analog Inputs (6 pins)

® 4 1/0 lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= 8-bit counter with 7-bit programmable prescaler

u Software activated digital watchdog

8-bit A/D converter with up to 6 analog inputs

= 8-bit synchronous Serial Peripheral Interface ’
(SPI) -

LCD driver with 40 segment outputs, 4 back-
plane outputs and selectable duty cycle for up to
160 LCD segments direct driving

= One external not maskable interrupt

9 powerful addressing modes

The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM.locations.

The ST62E42 is the EPROM version, ST62T42
is the OTP version

= Development tool: ST6242-EMU connected via
- RS8232 to an MS-DOS Personal Computer

December 1993 . 1
This is Preliminary Data from SGS-THOMSON, details are subject to change without notice.

227



ST6242 .

Figure 3. 64 Pin Quad Flat Pack (QFP) Package Pinout
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ST6242 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number: name
1 s45 17 | Voo 33 | S13 49 | S29
2 S46 18 Vss 34 Si4 50 | S30
3 s47 19 RESET 35 | si5 51 S31
4 S48 29 OSCout 36 | si6 52 | S32
5 COoM4 21 0SCin 37 | s17 53 | S33
6 coM3 22 NMI 38 s18 54 | s34
7 COM2 23 PB7/Sout (" 39 | st9 55 | S35
8 coMm1 24 PB6/SIn () 40 S20 56 S36
9 VLCD1/3 25 pes/scL () 41 $21 57 | s37
10 VLCD2/3 26 PB4 M 42 S22 58 S38
11 VLCD 27 PB3/Ain 43 | s23 59 | s39
12 PA7/Ain 28 PB2/Ain 44 | s24 60 | S40
13 PAG/AIN 29 S9 45 $25 61 s41
14 PA5/Ain 30 S10 46 S26 62 | S42
15 PA4/Ain 31 St 47 | s27 63 | S43
16 | TESTNpp 32 |s12 48 | s28 64 | S44
Note 1: 20mA SINK
271 ¥
\ Ky, 55 THOMSON
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ST6242

GENERAL DESCRIPTION

The ST6242 microcontroller is a member of the
8-bit HCMOS ST62xx family, a series of devices
oriented to low-medium complexity applications. All
ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6242 are: a high perform--
ance LCD controller/driver with 40 segment out-
puts and 4 backplanes able to drive up to 160
segments. A Timer peripheral including an 8-bit
counter with a 7-bit software programmable pres-

Figure 4. ST6242 Block Diagram

caler (Timer), the digital watchdog timer (DWD), an
8-bit A/D Converter with up to 6 analog inputs, a
Power Supply Supervisor and an 8-bit synchronous
Serial Peripheral Interface (SPI). Thanks to these
peripherals the ST6242 is well suited for general
purpose, automotive, security, appliance and in-
dustrial applications. The ST62E42 EPROM ver-
sion is available for prototypes and low-volume
production, an OTP version is also available (see
separate datasheet).

8 BIT R .
AID CONVERTER <::> PA4-PATIAin
TEST [H TEST
PB2-PB3/Ain
PB4/20mA SINK
NMI [}H INTERRUPT PB5/SCL/20mA SINK
PB6/Sin/20mA SINK
PB7/Sout/20mA SINK
DATA ROM
SERIAL PERIPHERAL
USER <::>
SELECTABLE <:.'> INTERFACE ( SPI)
'| USER PROGRAM
ROM DATA RAM <:::>
128x8
7048x8 (> TIMER 1
ﬁ (—N DIGITAL
[ WATCHDOG/TIMER
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3 ﬁ
STACK LEVEL 4 8 BIT CORE
STACK LEVEL 5
STACK LEVEL 6 LCD DRIVER $9-548 (segments)
K ) +
oW LCD RAM (24x8) COM1-COM4
| SUPPLY | |OSCILLATOR RESET l —
= VA0OM479
Vpp Vgg OSCin OSCout  RESET VLCD1/3 VLCD2/3 VLCD
Note: Ain = Analog Input
LSy SGS-THOMSON sm
Y/, wicRoELECTAONICS
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ST6242

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pinis usedto restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST. The TEST must be held at Vss for normal
operation (an internal pull-down resistor selects
normal operating mode if TEST pin is not con-
nected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU.This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

PA4-PA7. These 4 lines are organized as one 1/0
port (A). Each line may be configured under soft-
ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5mA drive
capability in output mode.

4 -
[OT- Al
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PB0-PB3,PB4-PB7. These 6 lines are organized
as one I/O port (B). Each line may be configured
under software control as an input with or without
internal pull-up resistor, interrupt generating input
with pull-up resistor, open-drain or push-pull out-
put. PB2-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink 20mAfor direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/O signals.

COM1-COMaA. These 4 pins are the LCD peripheral
common outputs. They are the outputs of the on-
chip backplane voltage generator which is used for
multiplexing the 40 LCD lines allowing up to 160
segments to be driven.

§9-S48. These pins are the 40 LCD peripheral
driver outputs of ST6242. Segments S1-S8 are not
connected to any pin.

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S9-S48
pins.

VLCD1/3, VLCD2/3. Resistor network nodes for
determining the intermediate display voltage levels
on COM1-COM4 and S9-S48 pins during multiplex
operation.




‘y_l SGS-THOMSON

o MICROELECTRONICS

ST62E42
ST62T42

8-BIT OTP/EPROM HCMOS MCUs
WITH LCD DRIVER, AND A/D CONVERTER

= 3to 6V supply operating range

= 8.4MHz Maximum Clock Frequency
= Run, Wait & Stop Modes

= 5 different interrupt vectors

m Look-up table capability in EPROM

» User EPROM: 7948 bytes
Data RAM: 128 bytes
LCD RAM: 24 bytes

= PQFP64 and CQFP64-W packages

m 10 fully software programmable 1/O as:
- Input with/without pull-up resistor
- Input with interrupt generation
- Open-Drain or Push-pull outputs
- Analog Inputs (6 pins)

m 4 /O lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= 8-bit counters and 7-bit programmable prescal-
ers

= Software activated digital watchdog
= 8-bit A/D converter with up to 6 analog inputs

= 8-bit synchronous serial ‘peripheral interface
(SPI)

= | CD driver with 40 segment outputs, 4 backplane
outputs and selectable duty cycle for up to 160
LCD segments direct driving

= One external not maskable interrupt

= 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

» The ST62E42 is the EPROM version, ST62T42

is the OTP version, fully compatible with ST6242
ROM version.

December 1993

PRELIMINARY DATA

PQFP64

CQFP64-W

(Ordering Information at the end of the datasheet)

59/71

This is Preliminary data from SGS-THOMSON, details are subject to change without notice.

231



ST62E42 - ST62T42

Figure 1.Pin Quad Flat Pack (QFP) Package Pinout
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ST62E42/T42 Pin Description
Pin Pin Pin Pin Pin Pin Pin © Pin
number name number name number name number name
1 S45 17 Vbp 33 S13 49 S29
2 S46 18 Vss 34 S14 50 S30
3 S47 19 RESET 35 S15 51 S31
4 S48 29 OSCout 36 S16 52 S§32
5 COM4 21 OSCin 37 S17 53 S33
6 CcoM3 22 NMI . 38 s18 54 S34
7 comz’ 23 PB7/Sout (" 39 | si9 55 | S35
8 com1 24 | PB6/SIn (" 40 | s20 56 | S36
9 VLCD1/3 25 | pBs/SCL 41 s21 57 | S37
10 VLCD2/3 26 PB4 42 S22 58 S38
1 VLCD 27 PB3/Ain 43 S23 59 S39
12 PA7/Ain 28 PB2/Ain 44 S24 60 S40
13 PAG6/AIn 29 S9 45 S25 61 S41
14 PAS5/Ain 30 S10 46 S26 62 S42
15 PA4/Ain 31 S11 47 S27 63 'S43
16 TEST/Npp 32 S12 48 S28 64 S44
Note 1: 20mA SINK
60/71 ‘— SGS-THOMSO
/A muuﬁ@mmm@mnc’g
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ST62E42 - ST62T42

GENERAL DESCRIPTION

The ST62E42,T42 microcontrollers are members
of the 8-bit HCMOS ST62xx family, a series of
devices oriented to low-medium complexity appli-
cations. They are the EPROM/OTP versions of the
ST6242 ROM device and are suitable for product
prototyping and low volume production. All ST62xx
members are based on a building block approach:
a common core is associated with a combination
of on-chip peripherals (macrocells). The macro-
cells of the ST6242 family are: a high performance
LCD controller/driver with 40 segment outputs and

Figure 2. ST62E42 Block Diagram

4 backplanes able to drive up to 160 segments, a
Timer peripheral including an 8-bit counter with a
7-bit software programmable prescaler, a digital
watchdog timer (DWD), an 8-bit A/D Converter with
up to 6 analog inputs and an 8-bit synchronous

. Serial Peripheral Interface (SPI). Thanks to these

peripherals the ST6242 family is well suited for gen-
eral purpose, .automotive, security, appliance and
industrial applications.

8 BIT PA4-PA7/Ain
TEST/V,, TeST A/D CONVERTER
PB2-PB3/Ain
PB4/20mA SINK
NMI INTERRUPT PB5/SCL/20mA SINK
PB6/Sin/20mA SINK
PB7/Sout/20mA SINK
DATA ROM
SERIAL PERIPHERAL
usen ()
SELEGTABLE <:::> INTERFACE ( SPI)
USER PROGRAM
EPROM DATA RAM <:>
128x8
7948x8 - TIMER 1
ﬁ (—N DIGITAL
[ WATCHDOG/TIMER
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3 @
STACK LEVEL 4 8 BIT CORE
STACK LEVEL 5
STACK LEVEL 6 LCD DRIVER §9-S48 (segments)
= Lop it ‘
POWER LCD RAM (24x8) COM1-COM4
SUPPLY | |OSCILLATOR RESET _—
—LI i'_fL’_r—L‘“ VAOON479
Vop Ves OSCin OSCout  RESET VLCD1/3 VLCD2/3 VLCD
Note: Ain = Analog Input
[Ny SGS-THOMSON 61/71
Y/, icRorECTRONICS
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ST62E42 - ST62T42

v

PIN DESCRIPTION

Vop and Vss. Power is supplied to the ST62E42
using these two pins. Vpp is power and Vss is the
ground connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A

quartz crystal or a ceramic resonator can be con- *

nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout

is the output pin. An external clock signal can be .

applied to OSCin.

RESET. The active low RESET pinis usedto restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST/Vep. The TEST pin is used to place the MCU
into special operating mode. TEST must be held at
Vss for normal operation (an internal pull-down
resistor is present to select normal operating mode
if TEST pin is not connected). If this pin is con-
nected to a +12.5V level during the reset phase,
the EPROM programming mode is entered.

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the ST62E42.This pin is falling edge sensitive.
The NMI pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

PA4-PA7. These 4 lines are organized as one 1/0

port (A). Each line may be configured under soft- .

ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5SmA drive
capability in output mode.

62/71 .
K57, SE3RONGSN
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PB2-PB3,PB4-PB7. These 6 lines are organized
as one |/O port (B). Each line may be configured
under software control as an input with or without
internal pull-up resistor, interrupt generating input
with pull-up resistor, open-drain or push-pull out-
put. PB2-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink 20mA for direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/0 signals.

COM1-COMA4. These four pins are the LCD periph-
eral common outputs. They are the outputs of the
on-chip backplane voltage generator which is used
for multiplexing the 40 LCD lines allowing up to 160
segments to be driven.

§9-848. These pins are the 40 LCD peripheral
driver outputs of ST62E42. Segments S1-S8 are
not connected to any pin. -

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S9-S48
pins.

VLCD1/3, VLCD2/3. Display supply voltage inputs
for determining the display voltage levels on
COM1-COM4 and S9-S48 pins during multiplex
operation.




ST62E42 - ST62T42

ST62E42,T42 EPROM/OTP DESCRIPTION

The ST62E42 is the EPROM version of the ST6242
ROM product. It is intended for use during the
development of an application, and for pre-produc-
tion and small volume production. The ST62T42
OTP has the same characteristics. Both include
EPROM memory instead of the ROM memory of
the ST6242, and so the program and constants of
the program can be easily modified by the user with
the ST62E42 EPROM programming board from
SGS-THOMSON.

From a user point of view (with the following excep-
tion) the ST62E42,T42 products have exactly the
same software and hardware features of the ROM
version. An additional mode is used to configure
the part for programming of the EPROM, this is set
by a +12.5V voltage applied to the TEST/Vpp pin.
The programming of the ST62E42,T42 is de-
scribed in the User Manual of the EPROM Pro-
gramming board.

On the ST62E42, all the 8192 bytes of PROGRAM
memory are available for the user, as all the
EPROM memory can be erased by exposure to UV
light. On the ST62T42 (OTP) device) a reserved
area for test purposes exists, as for the ST6242
ROM device. In order to avoid any discrepancy
between program functionality when using the
EPROM, OTP and ROM it is recommended not to
use these reserved areas, even when using the
ST62E42.

Notes on programming:

In order to emulate exactly the ST6242 features
with the ST62E42 and ST6242, some software
precautions have to be taken:

1. Data RAM: The data entered in the Data RAM
bank register (CBh) must be 08h.

2. 1/O: To prevent floating input or uncontrolled 1/0
interrrupt on the EPROM/OTP devices, the port bits
PA0-PA3, PBO, PB1 must be programmed as push-
pull outputs.

3. Timer: The bit “TOUT" of the Timer status control
register (D4h) must be set “1” (timer in output
mode).

4. Data Memory Space: Write 40h at the address
DFh of the Data Memory Space (desabled EE).

5. When programming for the EPROM/OTP parts,
it is suggested that the conditional assembly tech-
nique is used for controlling the I/O ports in order
to disable the appropriate code for the ROM device.

6. Do not access data space locations D5h, D6h,
D7h, DAh, DBh. ‘

Other than this exception, the ST62E42,T42 parts
are fully compatible with the ROM ST6242 equiva-
lent, this datasheet thus provides only information
specific to the EPROM based devices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6242 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

EPROM ERASING

The EPROM of the windowed package of the
ST62E42 may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E42 EPROM
is such that erasure begins when the memory is
exposed to light with wave lengths shorter than
approximately 4000A. It should be noted that sun-
light and some types of fluorescent lamps have
wavelengths in the range 3000-4000A. It is thus
recommended that the window of the ST62E42
package be covered by an opaque label to prevent
unintentional erasure problems when testing the
application in such an environment.

The recommended erasure procedure of the
ST62E42 EPROM is exposure to short wave ultra-
violet light which has wavelength 2537A. The inte-
grated dose (i.e. UV intensity x exposure time) for
erasure should be a minimum of 15 W-sec/cm?.
The erasure time with this dosage is approximately
15 to 20 minutes using an ultraviolet lamp with
12000puW/cm? power rating. The ST62E42 should
be placed within 2.5 cm (1 inch) of the lamp tubes
during erasure.

X 63171
K57, SESTRONEN
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[y SGS-THOMSON
Y. iicroELEcTROMICS ST6245

8-BIT HCMOS MCU WITH LCD DRIVER,
EEPROM AND A/D CONVERTER

PRELIMINARY DATA

= 3 to 6V supply operating range

= 8.4MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperature Range
= Run, Wait & Stop Modes

= 5 different interrupt vectors

= Look-up table capability in ROM

» User ROM: 3884 bytes
Data RAM: 128 bytes
LCD RAM: 12 bytes
EEPROM: 64 bytes PQFP52

= PQFP52 package

= 11 fully software programmable 1/O as:
- Input with/without pull-up resistor (Ordering Information at the end of the datasheet)
- Input with interrupt generation
- Open-Drain or Push-pull outputs
- Analog Inputs (7 pins)

= 4 /0 lines can sink up to 20mA for direct LED or
TRIAC driving, and have SPI alternate functions

= Two 8-bit counters with 7-bit programmable
prescalers (Timers 1 and 2) .

= Software activated digital watchdog

= 8-bit A/D converter with up to 7 analog inputs

= 8-bit synchronous Serial Peripheral Interface
(SP1) .

= LCD driver with 24 segment outputs, 4 Back-
plane outputs and selectable duty cycle for up to
96 LCD segments direct driving

= 32kHz oscillator for stand-by LCD operation
= One external not maskable interrupt
= 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

= The ST62E45 is the EPROM version, ST62T45
is the OTP version

= Development tool: ST6245-EMU connected via
RS232 to an MS-DOS Personal Computer

December 1993 1776
This is Preliminary Data from SGS-THOMSON, details are subject to change without notice.
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ST6245

Figure 4. 52 Pin Quad Flat Pack (QFP) Package Pinout
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ST6245 Pin Description
Pin Pin Pin Pin Pin Pin “Pin Pin
number name number name number name number name
1 coMm4 14 RESET 27 | osc3zout 40 | s28
2 COM3 15 | OSCout 28 | 0SC32in 41 s29
3 COM2 16 | OSCin 29 | s17 42 | S30
4 CcoM1 17 | NMI 30 | S18 43 | s31
5 VLCD1/3 18 | TIMER 31 S19 44 | S32
6 VLCD2/3 19 PB7/Sout (" 32 | s20 45 | S33
7 VLCD 20 PB6/Sin 33 | s21 46 | S34
8 PA7/Ain 21 pBs/scL 34 | s22 47 | S35
9 PA6/Ain 22 PB4 1 35 S23 48 S36
10 PA5/Ain 23 PB3/Ain 3 | S24 49 | s37
11 TEST 24 PB2/Ain 37 | s25. 50 | S38
12 | Vop 25 PB1/Ain 38 | S26 51 S39
13 Vss 26 PBO/Ain 39 | se7 52 | S40
Note 1: 20mA SINK
2/76 ‘— SGS-THOMSON
Y/, 51CROELECTRONICS
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S$T6245

GENERAL DESCRIPTION

The ST6245 microcontroller is a member of the
8-bit HCMOS ST62xx family, a series of devices
oriented to low-medium complexity applications. All
ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6245 are: a high perform-
ance LCD controller/driver with 24 segment out-
puts and 4 backplanes able to drive up to 96
segments, two Timer peripherals each including an
8-bit counter with a 7-bit software programmable

Figure 5. ST6245 Block Diagram

prescaler (Timer), the digital watchdog (DWD), an
8-bit A/D Converter with up to 7 analog inputs and
an 8-bit synchronous Serial Peripheral Interface
(SPI). In addition these devices offer 64 bytes of
EEPROM for storage of non volatile data. Thanks
to these peripherals the ST6245 is well suited for
general purpose, automotive, security, appliance
and industrial applications. The ST62E45 EPROM
version is available for prototypes and low-volume
production, an OTP version is also available (see
separate datasheet).

8BIT X
(n A/D CONVERTER PAS-RATIAIn
TEST/V,
PP
PBO-PB3/Ain
PB4/20mA SINK
NMI INTERRUPT PB5/SCL/20mA SINK
PB6/SIn/20mA SINK
PB7/Sout20mA SINK
DATA ROM
SERIAL PERIPHERAL
USER (:::) Ain = Analog Input
SeLoolE K| SieRiace (o ) n log Inp!
USER PHOGRA)M
EPROM ' DATA RAM
128x8 <::> — TIMER 1 1 TmMer
3884x8
DATA EEPROM ﬁ
08 (::> . TMER2
ﬁ (— DIGITAL
C WATCHDOG/TIMER
STACK LEVEL 1
| STACKLEVEL2 osca
STACK LEVEL 3 32 KHz 2n
erackievea| | 8BITCORE [ osciiator | T gscaoon
STACK LEVEL 5
STACK LEVEL 6 : : LCD DRIVER $17-540 (segments)
.
LCD RAM (12x8) COM1-COM4
POWER L i
SUPPLY | |OSCILLATOR | l RESET
{} VR01994
Voo vss 0sCin  OSCout RESET VLCD1/3 VLCD2/3 VLCD

Note ¥ Vep only exists in EPROM version

Ei SGS-THOMSON

3/76

MICROELECTRONICS
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ST6245

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are .internally
conhected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pinis used to restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST. The TEST must be held at Vss for normal
operation (an internal pull-down resistor selects
normal operating mode if TEST pin is not con-
nected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU.This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

TIMER. This is the TIMER 1 I/O pin. In input mode
itis connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the TIMER pin outputs
the data bit when a time-out occurs.

PA5-PA7. These 3 lines are organized as one |/O
port (A). Each line may be configured under soft-
ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5mA drive
capability in output mode.

4/76 -
[T AL
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PB0-PB3,PB4-PB7. These 8 lines are organized
as one 4/O port (B). Each line may be configured
under software control as an input with or without
internal pull-up resistor, interrupt generating input
with pull-up resistor, open-drain or push-pull out-
put. PBO-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink 20mA for direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/O signals.

COM1-COM4. These four pins are the LCD periph-
eral common outputs. They are the outputs of the
on-chip backplane voltage generator which is used
for multiplexing the 24 LCD lines allowing up to 96
segments to be driven.

S$17-S40. These pins are the 24 LCD peripheral
driver outputs of ST6245. Segments S1-S16 and
S41-S48 are not connected to any pin.

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S1-S24
pins.

VLCD1/3, VLCD2/3. Display supply voltage inputs
for determining the display voltage levels on
COM1-COM4 and S1-S24 pins during multiplex
operation.

0SC32in and OSC32out. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC320ut is the
output pin.
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ST62E45
ST62T45

8-BIT OTP/EPROM HCMOS MCUs
WITH LCD DRIVER,EEPROM AND A/D CONVERTER

= 3 to 6V supply operating range

= 8.4MHz Maximum Clock Frequency
m Run, Wait & Stop Modes

= 5 different interrupt vectors

= | ook-up table capabilityin EPROM

» User EPROM: 3884 bytes
Data RAM: 128 bytes
LCD RAM: 12 bytes
EEPROM: " 64 bytes

= PQFP52 and CQFP52-W packages

w 11 fully software programmable I/O as:
- Input with/without pull-up resistor
- Input with interrupt generation
- Open-Drain or Push-pull outputs
- Analog Inputs (7 pins)

= 4 1/0 lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= Two 8-bit counters and 7-bit programmable
prescalers (Timers 1 and 2)

= Software activated digital watchdog
= 8-bit A/D converter with up to 7 analog inputs

= 8-bit synchronous serial peripheral interface
(SPI1)

= L CD driver with 24 segment outputs, 4 backplane
outputs and selectable duty cycle for up to 96
LCD segments direct driving

m 32kHz oscillator for stand-by LCD operation
= One external not maskable interrupt
= 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

= The ST62E45 is the EPROM version, ST62T45
is the OTP version, fully compatible with ST6245
ROM version.

December 1993

PRELIMINARY DATA

PQFP52

CQFP52-W

(Ordering Information at the end of the datasheet)

63/76

This is Preliminary Data from SGS-THOMSON, details are subject to change without notice.
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ST62E45 - ST62T45

Figure 1. 52 Pin Quad Flat Pack (QFP) Package Pinout
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111]1 it
123 13
VROC1649
ST62E45/T45 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 COM4 14 RESET 27 0SC32out 40 | s28
2 com3 15 OSCout 28 0SC32in 41 S29
3 coM2 16 0OSCin 29 S17 42 | S30
4 CcOoM1 17 NMI 30 s18 43 s34
5 VLCD1/3 18 TIMER 31 s19 44 | 832
6 VLCD2/3 19 PB7/Sout (" 32 $20 45 S33
7 VLCD 20 pBe/Sin - (¥ 33 s21 46 | S34
8 PA7/Ain 21 pBs/scL 34 S22 47 | S35
9 PA6/Ain 22 PB4 35 S23 48 S36
10 PA5/Ain 23 | PB3/Ain 36 S24 49 | 837
11 TEST 24 PB2/Ain 37 S25 50 | S38
12 Vop 25 PB1/Ain 38 S26 51 S39 -
13 Vss 26 PBO/Ain 39 s27 52 | sS40
Note 1: 20mA SINK
64/76 LNy SGS-THOMSON
’Io MICROELECTRONICS
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ST62E45 - ST62T45

GENERAL DESCRIPTION

The ST62E45,T45 microcontrollers are members
of the 8-bit HCMOS ST62xx family, a series of
devices oriented to low-medium complexity appli-
cations. They are the EPROM/OTP versions of the
ST6245 ROM device and are suitable for product
prototyping and low volume production. All ST62xx
members are based on a building block approach:
a common core is associated with a combination
of on-chip peripherals (macrocells). The macro-
cells of the ST6245 family are: a high performance
LCD controller/driver with 24 segment outputs and

Figure 2. ST62E45 Block Diagram

4 backplanes able to drive up to 96 segments, two
Timer peripherals each including an 8-bit counter
with a 7-bit software programmable prescaler
(Timer), the digital watchdog timer (DWD), an 8-bit
A/D Converter with up to 7 analog inputs and an
8-bit synchronous Serial Peripheral Interface (SPI).
In addition these devices offer 64 bytes of EEPROM .
for storage of non volatile data. Thanks to these
peripherals the ST6245 family is well suited for
general purpose, automotive, security, appliance
and industrial applications.

8 BIT
A/D CONVERTER

m
TEST/Vpp [

NMI INTERRUPT

DATA ROM
USER
SELECTABLE

USER PROGRAM
EPROM "

3884x8

U

DATA RAM
128x8

DATA EEPROM
64x8

guyg

STACK LEVEL 1
STACK LEVEL 2

PAS-PA7/Ain

PBO-PBYAin
PB4/20mA SINK
PB5/SCL/20mA SINK
PB&/Sin/20mA SINK
PB7/Sout/20mA SINK

Ain = Analog Input

<:> SERIAL PERIPHERAL
INTERFACE ( SP1)

S
]

~ DIGITAL
WATCHDOG/TIMER

J

TIMER

STACK LEVEL 3 32 KHz 0scazn
Sgxtvece] | 8BTooRe (<)
STACK LEVEL 5
STACK LEVEL 6 LCD DRIVER $17-S40 (segments)
K— +
SOWER | LCD RAM (12¢8) COM1-COM4
| SUPPLY | IOSCILLATOR ‘ I RESET

i {1 VR01984

Voo Vi OSCin OSCout  TESET VLCD1/3 VLCD23 VLCD
Note ™ : Vep only exists in EPROM version
LNy SGS-THOMSON 65/76
Y/, FicrorLECTRONICS
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ST62E45 - ST62T45

PIN DESCRIPTION .

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pinis used to restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST/Vpp. The TEST must be held at Vss for
normal operation (an internal pull-down resistor
selects normal operating mode if TEST pin is not
connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU.This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

TIMER. This is the TIMER 1 1/O pin. In input mode
itis connected to the prescaler and acts as external
timer clock or as control gate for the internal timer
clock. In the output mode the TIMER pin outputs
the data bit when a time-out occurs.

PA5-PA7. These 3 lines are organized as one |/O
port (A). Each line may be configured under soft-
ware control as an input with or without pull-up
resistor, interrupt generating input with pull-up re-
sistor, open-drain or push-pull output or as analog
input for the A/D converter. Port A has a 5mA drive
capability in output mode.

66/76
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PB0-PB3,PB4-PB7. These 8 lines are organized
as one 1/O port (B). Each line may be configured
under software control as an input with or without
internal pull-up resistor, interrupt generating input
with pull-up resistor, open-drain or push-pull out-
put. PBO-PB3 can be programmed as analog in-
puts for the A/D converter while PB4-PB7 can also
sink 20mA for direct LED driving. PB5-PB7 can also
be used as respectively Clock, Data in and Data
out pins for the on-chip SPI to carry the synchro-
nous serial I/0 signals.

COM1-COM4. These four pins are the LCD periph-
eral common outputs. They are the outputs of the
on-chip backplane voltage generator which is used
for multiplexing the 24 LCD lines allowing up to 96
segments to be driven.

S$17-S40. These pins are the 24 LCD peripheral
driver outputs of ST62E45. Segments S1-S16 and
S§41-S48 are not connected to any pin.

VLCD. Display voltage supply. It determines the
high voltage level on COM1-COM4 and S1-S24
pins. 4
VLCD1/3, VLCD2/3. Display supply voltage inputs
for determining the display voltage levels on
COM1-COM4 and S1-S24 pins during multiplex
operation.

0SC32in and OSC32out. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC320ut is the
output pin.




ST62E45 - ST62T45

ST62E45,T45 EPROM/OTP DESCRIPTION

- The ST62E45 is the EPROM version of the ST6245
ROM product. It is intended for use during the
development of an application, and for pre-produc-
tion and small volume production. The ST62T45
OTP has the same characteristics. Both include
EPROM memory instead of the ROM memory of
the ST6245, and so the program and constants of
the program can be easily modified by the user with
the ST62E45 EPROM programming board from
SGS-THOMSON.

From a user point of view (with the following excep-
tion) the ST62E45,T45 products have exactly the
same software and hardware features of the ROM
version. An additional mode is used to configure
the part for programming of the EPROM, this is set
by a +12.5V voltage applied to the TEST/Vpp pin.
The programming of the ST62E45,T45 is de-
scribed in the User Manual of the EPROM Pro-
gramming board.

On the ST62E45, all the 3884 bytes of PROGRAM
memory are available for the user, as all the
EPROM memory can be erased by exposure to UV
light. On the ST62T45 (OTP) device) a reserved
area for test purposes exists, as for the ST6245
ROM device. In order to avoid any discrepancy
between program functionality when using the
EPROM, OTP and ROM it is recommended not to
use these reserved areas, even when using the
ST62E45.

Notes on programming:
In order to emulate exactly the ST6245 features

with the ST62E45 and ST6245, some software
precautions have to be taken:

1. 1/O: To prevent floating input or uncontrolled /0
interrrupt on the EPROM/OTP devices, the port bits
PAO-PA4 must be programmed as push-pull out-
puts.

2. When programming for the EPROM/OTP parts,
it is suggested that the conditional assembly tech-
nique is used for controlling the I/O ports in order
to disable the appropriate code for the ROM device.

3. Do not access data space locations CAh, DAh .
Other than this exception, the ST62E45,T45 parts
are fully compatible with the ROM ST6245 equiva-

lent, this datasheet thus provides only information
specific to the EPROM based devices.

Kyz, 355, THOMSON

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6240 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

EPROM ERASING

The EPROM of the windowed package of the
ST62E45 may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E45 EPROM
is such that erasure begins when the memory is
exposed to light with wave lengths shorter than
approximately 4000A. It should be noted that sun-
light and some types of fluorescent lamps have
wavelengths in the range 3000-4000A. It is thus
recommended that the window of the ST62E45
package be covered by an opaque label to prevent
unintentional erasure problems when testing the
application in such an environment.

The recommended erasure procedure of the
ST62E45 EPROM is exposure to short wave ultra-
violet light which has wavelength 2537A. The inte-
grated dose (i.e. UV intensity x exposure time) for
erasure should be a minimum of 15 W-sec/cm?.
The erasure time with this dosage is'approximately
15 to 20 minutes using an ultraviolet lamp with
12000puW/cm? power rating. The ST62E45 should
be placed within 2.5 cm (1 inch)-of the lamp tubes
during erasure.

67/76
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ST6280

8-BIT HCMOS MCU WITH DOT MATRIX LCD DRIVER
-EEPROM AND A/D CONVERTER

= 4.5 to 6V supply operating range

= 8.4 MHz Maximum Clock Frequency

m -40 to +85°C Operating Temperature Range
» Run, Wait & Stop Modes

» 5 different interrupt vectors

n Look-up table capability in ROM

» User ROM: 7948 bytes
Data RAM: 192 bytes
LCD RAM: 128 bytes
EEPROM: 128 bytes

= PQFP100 package

w 12 fully software programmable I/O as:
- Input with/without pull-up resistor
- Input with interrupt generation
- Open-Drain or Push-pull outputs
- Analog Inputs

= 101/Olines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= One 8-bit counter with 7-bit programmable pres-
caler (Timer 1)

= One 8-bit auto-reload timer with 7-bit program-
mable prescaler (ARTimer)

» Software activated digital watchdog

w 8-bit A/D converter with up to 12 analog inputs

m 8-bit synchronous serial peripheral interface
(SPI)

= LCD driver controller with 48 segments outputs,
8 backplane and 8 software selectable seg-
ment/backplane outputs able to drive up to
48x16 (768) or 56x8 (448) segments.

m 32kHz oscillator for stand-by LCD operation

» One external not maskable interrupt

n 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the

port and peripherals data & control registers are
addressed in the data space as RAM locations.

m The ST62E80 is the EPROM version, ST62T80
is the OTP version
» Development tool: ST628x-EMU connected via

a standard RS232 to an MS-DOS Personal
Computer

November 1993

PRELIMINARY DATA

PQFP100

(Ordering information at the end of the datasheet)

1118

This is preliminary data from SGS-THOMSON. Details are subject to change without notice.
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ST6280

Figure 1. 100 Pin Quad Flat Pack (QFP) Package Pinout
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ST6280 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 S39 31 PC7/Ain 51 pA3 (" 81 S19
2 S40 32 PC6/AIn 52 pA2 (™ 82 S20
3 s41 33 PC5/Ain 53 | 0SC320ut 83 | s21
4 S42 34 PC4/Ain 54 | 0SC32in 84 | s22
5 s43 35 pc3 ™ 55 coMm1 85 | s23
6 S44 36 pca M 56 COoM2 86 S24
7 S45 37 pc1® 57 COM3 87 | S25
8 S46 38 pco ™ 58 CoM4 88 | S26
9 S47 39 NMI 59 COM5 ‘89 | S27
10 | S48 40 | Voo 60 COM6 90 | s28
11 | s49 41 Vss 61 CoM7 91 S29
12 S50 42 | VLCD 62 coms 92 | S30
13 S51 43 | VLCD4/5 63 COM9/S1 93 | S31
14 | ss52 44 | vLCD3/5 64 | comio/s2 94 | s32
15 | S53 45 | vLCD2/5 65 COM11/S3 95 | S33
16 S54 46 | VLCD1/5 66 COM12/84 9% | S34
17 | s55 47 PA7/Sout ™ 67 COM13/S5 97 | S35
18 S56 48 pAs/sin ™ 68 COM14/S6 98 S36
19 PB7/ARTIMout 49 PAs/SCL ™ 69 COM15/57 99 S37
/Ain 50 PA4TIMI O 70 COM16/S8 100 | S38
20 PB6/ARTIMin 71 S9
/Ain 72 s10
21 PB5/Ain 73 s11
22 PB4/Ain 74 s12
23 PB3/Ain 75 S13
24 PB2/Ain 76 s14
25 PB1/Ain , 77 | s15
26 |'PBO/Ain 78 si6
27 | TEST 79 | s17
28 | OSCout 80 S18
29 | OsCin
30 RESET
Note 1: 20mA SINK
2/118 ¥
K37, S5STHOMSON
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ST6280

GENERAL DESCRIPTION

The ST6280 microcontrollers is a member of the 8-
bit HCMOS ST62xx family, a series of devices ori-
ented to low-medium complexity applications. All
ST62xx members are based on a building block
approach:

acommon core is associated with a combination of
on-chip peripherals (macrocells). The macrocells
of the ST6280 are an advanced LCD driver/con-
troller with 48 segments, 8 backplanes and 8 soft-
ware selectable segment/backplane outputs able
to drive up to 48x16 (768) or 56x8 (448) segments,
one 8 bit Autoreload timer with 7 bit programmable
prescaler (ARTimer), one 8 bit standard

~

Figure 2. ST6280 Block Diagram

timer/counter with a 7-bit software programmable
prescaler (Timer 1), the digital watchdog (DWD),
an 8-bit A/D Converter with up to 12 analog inputs,
a 32kHz Oscillator, and an 8-bit synchronous serial
peripheral interface (SPI). In addition this device
offers 128 bytes of EEPROM for storage of non-
volatile data.

Thanks to these peripherals the ST6280 is well
suited for general purpose, automotive, security,
appliance and industrial applications. The
ST62E80 EPROM version is available for prototyp-
ing and low-volume production, an OTP version is
also available (see separate datasheet).

8 BIT
A/D CONVERTER

TESTJ]— - TEST

NMI [} INTERRUPT
DATA ROM
USER
SELECTABLE
USER PROGRAM
DATA RAM
ROM 192 Bytes <::>
7948 Bytes
DATA EEPROM
128 Bytes <——_>
[
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3 @
STACK LEVEL 4 8 BIT CORE
STACK LEVEL 5
STACK LEVEL 6

POWER
SUPPLY

<::> SERIAL PERIPHERAL
INTERFACE ( SPI)

=

<"::> ARTIMER
DIGITAL

(—)  watcHpoG

||OSCILLATOH|| RESET | —

PA2-PA3, 20mA Sink
PA4/TIM1, 20mA Sink
PA5/SCL, 20mA Sink
PA6/Sin, 20mA Sink

PA7/Sout, 20mA Sink

PB0-PB5/Ain
PB6/TIMin2/Ain
PB7/TIMout2/Ain

PC0-PC3, 20mA Sink
PC4-PC7/Ain

Ain = Analog Input

0SC32in
0SC320ut

$9-S56 (48 segments)

LCD DRIVER
COM1-COMS8 (8 commons) .

.
LCD RAM (126x6) COM9/S1-COM16/S8

L] )-(8

Lt
Vpp Vss OSCin OSCout RESET

VLCD 1/5 2/5 3/5 4/5 5/5

VA00D479

‘;i SGS-THOMSON

3/118

s MICROELECTRONICS
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ST6280

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pin is used to re-
start the microcontroller at the beginning of its pro-
gram. The RESET pin is provided with an on-chip
pull-up resistor and schmitt trigger input charac-
teristics.

TEST. TEST must be held at Vss for normal opera-
tion (an internal pull-down resistor selects normal
operating mode if TEST pin is not connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU. This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

PA4/TIM1. This pin can be used as Timer 1 /O pin.
In input mode it is connected to the timer prescaler
input and acts as the external timer clock or as the
control gate for the internal timer clock. In the out-
put mode the timer pin outputs the timer data bit
when a time out occurs.

To use this pin as Timer output the 1/O pin has to be
programmed as open-drain output. To use this pin
as Timer input the /O pin has to be programmed
as input.

PB6/TIMIN2, PB7/TIMOUT2. These pins are the
Input and Output pins of the Autoreload Timer. The
timer input pin ARTIMin is connected to port line
PB6. To use the line as timer input function, PB6
has to be programmed as input with or without pull-
up. The timer output pin is connected to the port
line PB7. A dedicated bit in the ARTIMER mode
control register sets the line as timer output func-
tion ARTIMout.

PA2-PA7. These 6 lines are organized as one |/O
port (A). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. In output mode these lines can also sink 20mA

4/118
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for direct LED or triac driving. PA5-PA7 can also be
used as respectively Clock, Data in and Data out
pins for the on-chip SPI to carry the synchronous
serial 1/0 signals. PA4 can also be used as the
TIMER 1 1/O pin.

PBO0-PB7. These 8 lines are organized as one I/0
port (B). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, open-drain or push-pull output or
as an analog input for the A/D converter. PB6 is
also connected to the ARTIMER input function
while PB7 can act as the ARTIMER output.

PC0-PC3, PC4-PC7. These 8 lines are organized
as one I/O port (C). Each line may be configured
under software control as an input with or without
internal pull-up resistor, an interrupt generating in-
put with pull-up resistor, or an open-drain or push-
pull output. PCO-PC3 can also sink 20mA for direct
LED or triac driving while PC4-PC7 can be pro-
grammed as analog inputs for the A/D converter.

COM1-COM8. These eight pins are the LCD pe-
ripheral common outputs. They are the outputs of
the on-chip backplane voltage generator which is
used for multiplexing the LCD segment lines.

S§9-856. These pins are the 48 LCD peripheral
driver outputs of the ST6280. Segments S1-S8 are
multiplexed with COM9-COM16 and their function
is software selectable.

COM9/S1-COM16/S8. These pins are the 8 multi-
plexed common/segment lines. Under software
selected control, they can act as LCD common out-
puts allowing a 48x16 dot matrix operation, or they
can act as segment outputs allowing 56x8 dot ma-
trix operation.

VLCD1/5-VLCD5/5. Resistor network nodes for
determining the intermediate LCD voltage levels
on COM1-COM8/COM16 and S1/S8-S56 pins dur-
ing multiplex operation.

0SC32in and OSC32out. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC32out is the
output pin. ’
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ST62E80
ST62T80

8-BIT EPROM HCMOS MCU WITH DOT MATRIX LCD DRIVER

EEPROM AND A/D CONVERTER

PRELIMINARY DATA

» 4.5 to 6V supply operating range

u 8.4MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperture Range
» Run, Wait & Stop Modes

= 5 different interrupt vectors

= Look-up table capability in EPROM

User EPROM: 8192 bytes
Data RAM: 192 bytes
LCD RAM: 128 bytes
EEPROM: 128 bytes

PQFP100 and CQFP100-W packages
m 12 fully software programmable I/O as:
- Input with/without pull-up resistor

- Input with interrupt generation

- Open-Drain or Push-pull outputs

- Analog Inputs

= 101/O lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= One 8-bit counter with 7-bit programmable pres-
calers (Timer 1)

= One 8-bit auto-reload timer with 7-bit program-
mable prescaler (Timer 2)

n Software activated digital watchdog

= 8-bit A/D converter with up to 12 analog inputs

= 8-bit synchronous serial peripheral interface
(SPI)

= LCD driver with 48 segment outputs, 8 back-
plane outputs and 8 software selectable
segment/backplane outputs able to drive up to
48x16 (768) or 56x8 (448) LCD segments.

n 32kHz oscillator for stand-by LCD operation

» One external not maskable interrupt

= 9 powerful addressing modes

w The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

» The ST62E80 is the EPROM version, ST62T80
is the OTP version, fully compatible with ST6280
ROM version.

November 1993

CQFP100-W

(Ordering Information at the end of the datasheet)

75/118

This is preliminary data from SGS-THOMSON. Details are subject to change without notice.
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ST62E80 - ST62T80

Figure 1. 100 Pin Quad Flat Pack (QFP) Package Pinout
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ST62E80/T80 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 S39 31 PC7/Ain 51 PA3 " 81 S19
2 S40 32 PC6/Ain 52 pA2() 82 S20
3 s41 33 PC5/Ain 53 0SC320ut 83 | s21
4 s42 34 PC4/Ain 54 0SC32in 84 | S22
5 S43 35 pc3 ™ 55 COMf 85 s23
6 S44 36 | pc2® 56 | cOM2 86 | S24
7 S45 37 pc1® 57 | COM3 87 | S25
8 S46 38 pco 58 | COM4 88 | S26
9 s47 39 NMI 59 COM5 89 s27
10 S48 40 Y 60 COMs6 90 | s28
11 s49 41 Vss 61 com7 91 S29
12 | ss0 42 | VLCD 62 COM8 92 | s30
13 S51 43 VLCD4/5 63 COM9/S1 93 | s31
14 S52 44 VLCD3/5 64 COM10/S2 94 | S32
15 S53 45 VLCD2/5 65 COM11/S3 95 S33
16 S54 46 VLCD1/5 66 COM12/S4 96 s34
17 S55 47 PA7/Sout (" 67 | cCOM13/s5 97 | S35
18 | S56 48 | PAB/SIn @ 68 | COM14/S6 98 | S36
19 PB7/TIMout2 49 PAs/scL ™ 69 COM15/S7 99 S37
/Ain 50 PA4TIMT @ 70 COM16/S8 100 | S38
20 PB6/TIMin2 71 S9
/Ain 72 s10
21 PB5/Ain 73 s11
22 PB4/Ain 74 s12
23 PB3/Ain 75 S13
24 PB2/Ain 76 | s14
25 PB1/Ain 77 | si5
26 PBO/Ain 78 s16
27 | TEST/Vpp 79 s17
28 OSCout 80 S18
29 0SCin
30 RESET
Note 1: 20mA SINK
76/118 g
Ky, 353 THOMSON
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ST62E80 - ST62T80

GENERAL DESCRIPTION

The ST62E80, ST62T80 microcontrollers are
members of the 8-bit HCMOS ST62xx family, a se-
ries of devices oriented to low-medium complexity
applications. They are the EPROM/OTP versions
of the ST6280 ROM device and are suitable for
prototyping and low-volume production. All
ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6280 family are: an ad-
vanced LCD driver/controller with 48 segments, 8
backplanes and 8 software selectable seg-

Figure 2. ST62E80/T80 Block Diagram

ment/backplane outputs able to drive up to 48x16
(768) or 56x8 (448) segments, one 8 bit reload
timer with 7 bit programmable prescaler (Timer 2),
one 8 bit standard timer/counter with a 7-bit soft-
ware programmable prescaler (Timer 1), the digital
watchdog timer (DWD), an 8-bit A/D Converter
with up to 12 analog inputs, a 32kHz Oscillator,
and an 8-bit synchronous serial peripheral inter-
face (SPI). In addition this device offers 128 bytes
of EEPROM for storage of non-volatile data.
Thanks to these peripherals the ST6280 family is
well suited for general purpose, automotive, secu-
rity, appliance and industrial applications.

@ SERIAL PERIPHERAL
INTERFACE ( SPI)
S

<:> ARTIMER
h DIGITAL
WATCHDOG/TIMER

.
Lﬁ LGD RAM (128x8) COM9/S1-COM16/S8
® ®

8 BIT
A/D CONVERTER <:>
TESTN,, TEST
NMI INTERRUPT
DATA ROM
USER
SELECTABLE
USER PROGRAM
EPROM DATA RAM
192x8 <:>
7948x8
DATA EEPROM
128x8 <':\'>
[
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3
SmokLves | |8 BiT core [
STACK LEVEL 5 .
STACK LEVEL 6
POWER
| SUPPLY |OSCILLATOH| | RESET |

PA2-PA3, 20mA Sink
’ PA4/TIM1, 20mA Sink
PA5/SCL, 20mA Sink
PA6/Sin, 20mA Sink
PA7/Sout, 20mA Sink

PB0-PBS5/Ain
PB6/TIMin2/Ain
PB7/TIMout2/Ain

PC0-PC3, 20mA Sink
PC4/PC7/Ain

Ain = Analog Input

32 KHz 0sC32in
OSCILLATOR 0SC320ut
S59-556 (48 segments)
LCD DRIVER

COM1-COMS8 (8 commons)

—L
Vop Vs OSCin OSCout  RESET

VLCD 1/5 2/5 3/5 4/5 5/5
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ST62E80 - ST62T80

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout

is the output pin. An external clock signal can be

applied to OSCin.

RESET. The active low RESET pin is used to re-
start the microcontroller at the beginning of its pro-
gram. The RESET pin is provided with an on-chip
pull-up resistor and schmitt trigger input charac-
teristics.

TEST. TEST must be held at Vss for normal opera-
tion (an internal pull-down resistor selects normal
operating mode if TEST pin is not connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU. This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

PA4/TIM1. This pin can be used as Timer 1 1/O pin.
In input mode it is connected to the timer prescaler
input and acts as the external timer clock or'as the
control gate for the internal timer clock. In the out-
put mode the timer pin outputs the timer data bit
when a time out occurs.

To use this pin as Timer output the I/O pin has to be
programmed as open-drain output. To use this pin
as Timer input the I/O pin has to be programmed
as input.

PB6/TIMIN2, PB7/TIMOUT2. These pins are the
Input and Output pins of-the Autoreload Timer. The
timer input pin ARTIMin is connected to port line
PB6. To use the line as timer input function, PB6
has to be programmed as input with or without pull-
up. The timer output pin is connected to the port
line PB7. A dedicated bit in the ARTIMER mode
control register sets the line as timer output func-
tion ARTIMout.

PA2-PA7. These 6 lines are organized as one /O
port (A). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. In output mode these lines can also sink 20mA

78/118
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for direct LED or triac driving. PA5-PA7 can also be
used as respectively Clock, Data in and Data out
pins for the on-chip SPI to carry the synchronous
serial I/O signals. PA4 can also be used as the
TIMER 1 1/O pin.

PB0-PB7. These 8 lines are organized as one |/0
port (B). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, open-drain or push-pull output or
as an analog input for the A/D converter. PB6 is
also connected to the ARTIMER input function
while PB7 can act as the ARTIMER output.

PC0-PC3, PC4-PC7. These 8 lines are organized
as one 1/O port (C). Each line may be configured
under software control as an input with or without
internal pull-up resistor, an interrupt generating in-
put with pull-up resistor, or an open-drain or push-
pull output. PCO-PC3 can also sink 20mA for direct
LED or triac driving while PC4-PC7 can be pro-
grammed as analog inputs for the A/D converter.

COM1-COMS8. These eight pins are the LCD pe-
ripheral common outputs. They are the outputs of
the on-chip backplane voltage generator which is
used for multiplexing the LCD segment lines.

$9-S56. These pins are the 48 LCD peripheral
driver outputs of the ST6280. Segments S1-S8 are
multiplexed with COM9-COM16 and their function
is software selectable.

COM9/S1-COM16/S8. These pins are the 8 multi-
plexed common/segment lines. Under software
selected control, they can act as LCD common out-
puts allowing a 48x16 dot matrix operation, or they
can act as segment outputs allowing 56x8 dot ma-
trix operation.

VLCD1/5-VLCD5/5. Resistor network nodes for
determining the intermediate LCD voltage levels
on COM1-COM8/COM16 and S1/58-S56 pins dur-
ing multiplex operation.

0SC32in and OSC32o0ut. These pins are inter-
nally connected with the on-chip 32kHz oscillator
circuit. A 32.768kHz quartz crystal can be con-
nected between these two pins if it is necessary to
provide the LCD stand-by clock and real time inter-
rupt. OSC32in is the input pin, OSC32out is the
output pin.

MICROELECTRONICS
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ST62E80 - ST62T80

ST62E80/ST62T80 EPROM/OTP DESCRIPTION.

The ST62E80 is the EPROM version of the
ST6280 ROM product. It is intended for use during
the development of an application, and for pre-pro-
duction and small volume production. The
ST62T80 OTP has the same characteristics. They
both include EPROM memory instead of the ROM
memory of the ST6280, and so the program and
constants of the program can be easily modified by
the user with the ST62E80 EPROM programming
board of from SGS-THOMSON.

From a user point of view (with the following excep-
tions) the ST62E80, ST62T80 products have ex-
actly the same software and hardware features of
the ROM version.

On the ST62E80, all the 8192 bytes of PROGRAM
memory are available for the user, as all the
EPROM memory can be erased by exposure to UV
light. On the ST62T80 (OTP) device a reserved
area for test purposes exists, as for the ST6280
ROM device. In order to avoid any discrepancy be-
tween program functionality when using the
EPROM, OTP and ROM it is recommended not to
use these reserved areas, even when using the
ST62E80.

Other than these exceptions, the ST62ES80,
ST62T80 parts are fully compatible with the ROM
ST6280 equivalent, this datasheet thus provides
only information specific to the EPROM based de-
vices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6280 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

EPROM ERASING

The EPROM of the windowed package of the
ST62E80 may be erased by exposure to Ultra Vio-
let light.

The erasure characteristic of the ST62E80
EPROM is such that erasure begins when the
memory is exposed to light with wave lengths
shorter than approximately 4000A. It should be
noted that sunlight and some types of fluorescent
lamps have wavelengths in the range 3000-4000A.
It is thus recommended that the window of the
ST62E80 package be covered by an opaque label
to prevent unintentional erasure problems when
testing the application in such an environment.
The recommended erasure procedure of the
ST62E80 EPROM is exposure to short wave ultra-
violet light which has wavelength 2537A. The inte-
grated dose (i.e. UV intensity x exposure time) for
erasure should be a minimum of 15 W-sec/cm?.
The erasure time with this dosage is approximately
15 to 20 minutes using an ultraviolet lamp with
12000p.W/cm2 power rating. The ST62E80 should
be placed within 2.5 cm (1 inch) of the lamp tubes
during erasure.

ST62T80 OTP Memory Map
ROM Page Device Address Description
0000h-007Fh Reserved
Page 0 0080h-07FFh User ROM
0800h-0F9Fh User ROM
OFAOh-OFEFh Reserved
Page 1 OFFOh-0FF7h Interrupt Vectors
“STATIC” OFF8h-0FFBh Reserved
OFFCh-OFFDh NMI Vector
R OFFEh-OFFFh Reset Vector
0000h-000Fh Reserved
Page2 0010h-07FFh User ROM
0000h-000Fh Reserved
Page3 0010h-07FFh User ROM

& ON
Kyy, S5STHOMSON
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ST6285

8-BIT HCMOS MCU WITH

DOT MATRIX LCD DRIVER AND A/D CONVERTER

= 4.5 to 6V supply operating range

= 8.4MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperture Range
» Run, Wait & Stop Modes

» 5 different interrupt vectors

u Look-up table capability in EPROM

User EPROM: 8192 bytes
Reserved ROM: 244 bytes
Data RAM: 192 bytes
LCD RAM: 96 bytes

= PQFP80 package

= 8 fully software programmable 1/O as:

— Input with/without pull-up resistor

— Input with interrupt generation

— Open-Drain or Push-pull outputs

— Analog Inputs .

= 41/0 lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= One 8-bit counter with 7-bit programmable pres-
calers (Timer 1)

= Software activated digital watchdog

= 8-bit A/D converter with up to 12 analog inputs

= 8-bit synchronous serial peripheral interface
(SPI)

= LCD driver with 40 segment outputs, 8 backplane
outputs and 8 software selectable seg-
ment/backplane outputs able to drive up to 40x16
(640) or 48x8 (384) LCD segments.

= One external not maskable interrupt

= 9 powerful addressing modes

» The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

= The ST62E8S is the EPROM version, ST62T85
is the OTP version, fully compatible with ST6285
ROM version.

November 1993

PRELIMINARY DATA

(Ordering Information at the end of the datasheet)
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ST6285

Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout
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ST6285 Pin Description
Pin Pin Pin Pin Pin Pin Pin Pin
number name number name number name number name
1 S41 25 |PC7 41 | coMmt 65 |S17
S42 2% |PCs 42 |coM2 66 |[S18
3 s43 27 |PCs 43 |cowms 67 |S19
4 S44 28 |Pc4 44 |coma 68 [S20
5 S45 29 |NMI 45 | COM5 69 |S21
6 S46 30 | Voo 46 |COM6 70 |[s22
7 s47 31 |Ves 47 |com7 71 |se23
8 S48 32 |vLCD 48 [coms 72 |s24
9 S49 33 |vLcDass 49 | como/st 73 |s33
10 |ss0 34 | VLCD3/5 50 | comio/s2 74 | S34
11 |s51 35 |vLcD2/5 51 |coM11/S3 75 |s35
12 |ss2 36 |VLCD1/5 52 |COM1i2/s4 76 |s36
13 [s53 37 |PA7/Sout " 53 | COM13/S5 77 |S37
14 |s54 38 [PaeiSin @ 54 | COM14/S6 78 |S38
15 |ss5 39 |pasiscL 55 | COM15/S7 79 |Ss39
16 [S56 40 |PA4TIMY O 56 | COM16/S8 80 |[S40
17 - |PB3 57 |s9
18 | PB2 58 |S10
19 |PB1 50 |St1
20 |PBO 60 |S12
21 | TEST/Vep 61 |si3
22 | OSCout 62 |S14
23 | 0SCin 63 |S15
24 | RESET 64 |[S16
Note 1: 20mA SINK
90/118 X
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ST6285

GENERAL DESCRIPTION

The ST6285 microcontroller is a member of the
8-bit HCMOS ST62xx family, a series of devices
oriented to low-medium complexity applications.
All ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6285 family are: an ad-
vanced LCD driver/controller with 40 segments, 8
backplanes and 8 software selectable seg-
ment/backplane outputs able to drive up to 40x16
(640) or 48x8 (384) segments, one 8 bit standard

Figure 2. ST6285 Block Diagram

timer/counter with a 7-bit software programmable
prescaler (Timer 1), the digital watchdog timer
(DWD), an 8-bit A/D Converter with up to 12 analog
inputs and an 8-bit synchronous serial peripheral
interface (SPI). Thanks to these peripherals the
ST6285 family is well suited for general purpose,
automotive, security, appliance and industrial ap-
plications. The ST62E85 EPROM version is avail-
able for prototyping and low-volume production, an
OTP version is also available.

SUPPLY

Voo Vss ©OSCin OSCout RESET

Py — PA4/TIM1, 20mA Sink
PAS5/SCL, 20mA Sink
A/D CONVERTER <:::> (= PORTA L) PAG/Sin, 20mA Sink
TEsTN,, [H ~ TesT e 20r
(13 PA7/Sout, 20mA Sink
PBO-PB3/Ai
- []— INTERRUPT B0-PB3/Ain
DATA ROM PC4/PC7/Ain
USER <::>
SELECTABLE
USER PROGRAM SERIAL PERIPHERAL Ain = Analog In
EPROM DATA RAM <:::> <:> INTERFACE ( SPI) °g Input
7946x8 192x8 .
X .
= ]
[
DIGITAL
WATCHDOG/TIMER
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3 <:>
STACK LEVEL 4 8 BIT CORE S$9-524 (40 segments)
STACK LEVEL 5 LCD DRIVER $33-S56 )
STACK LEVEL 6 + COM1-COMS (8 commons) ,
L<:\’> LCD RAM (96x8) COM9/S1-COM16/S8
LPOWER | [oscu.mrou;l { RESET l

VLCD 1/5 2/5 3/5 4/5 5/5

(8 commons)/(8 segments)

VA00Q479

"_I SGS-THOMSON

MICROELECTRONICS
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ST6285

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection.

OSCin and OSCout. These pins are internally
connected with the on-chip oscillator circuit. A
quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pinis usedto restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST. TEST must be held at Vss for normal opera-
tion (an internal pull-down resistor selects normal
operating mode if TEST pin is not connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU. This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

PA4/TIM1. This pin can be used as Timer 1 /O pin.
In input mode it is connected to the timer prescaler
input and acts as the external timer clock or as the
control gate for the internal timer clock. In the
output mode the timer pin outputs the timer data bit
when a time out occurs.

To use this pin as Timer output the /O pin has to
be programmed as open-drain output. To use this
pin as Timer input the I/O pin has to be programmed
as input.

PA4-PA7. These 4 lines are organized as one |/0
port (A). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. In output mode these lines can also sink 20mA
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for direct LED or triac driving. PA5-PA7 can also be
used as respectively Clock, Data in and Data out
pins for the on-chip SPI to carry the synchronous
serial 1/0 signals. PA4 can also be used as the
TIMER 1 1/O pin.

PBO0-PB3. These 4 lines are organized as one I/O
port (B). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, open-drain or push-pull output or
as an analog input for the A/D converter.

PC4-PC7. These 4 lines are organized as one 1/O
port (C). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. PC4-PC7 can be programmed as analog in-
puts for the A/D converter. Port C has schmitt
trigger inputs and a 5mA drive capability. in output
mode.

COM1-COMS8. These eight pins are the LCD pe-
ripheral common outputs. They are the outputs of
the on-chip backplane voltage generator which is
used for multiplexing the LCD segment lines.

$9/524-S33/S56. These pins are the 40 LCD pe-.
ripheral driver outputs of the ST62E85, ST62T85.
Segments S1-S8 are multiplexed with COM9-
COM16 and their function is software selectable.

COM9/S1-COM16/S8. These pins are the 8 multi-
plexed common/segment lines. Under software se-
lected control, they can act as LCD common
outputs allowing a 40x16 dot matrix operation, or
they can act as segment outputs allowing 48x8 dot
matrix operation.

VLCD1/5-VLCD5/5. Resistor network nodes for
determining the intermediate display voltage levels
on COM1-COM8/COM16 and S1/S8-S56 pins dur-
ing multiplex operation.

OMSON
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ST62E85
ST62T85

8-BIT EPROM HCMOS MCU WITH
DOT MATRIX LCD DRIVER AND A/D CONVERTER

= 4.5 to 6V supply operating range

= 8.4MHz Maximum Clock Frequency

= -40 to +85°C Operating Temperture Range
= Run, Wait & Stop Modes

* =m 5different interrupt vectors

» Look-up table capability in EPROM

User EPROM: 8192 bytes
Data RAM: 192 bytes
LCD RAM: 96 bytes

= PQFP80 and CQFP80-W packages

= 8 fully software programmable I/O as:

— Input with/without pull-up resistor

— Input with interrupt generation

— Open-Drain or Push-pull outputs

— Analog Inputs

= 4 /O lines can sink up to 20mA for direct LED or
TRIAC driving and have SPI alternate functions

= One 8-bit counter with 7-bit programmable pres-
calers (Timer 1)

. m Software activated digital watchdog

= 8-bit A/D converter with up to 12 analog inputs

= (BS-Ib’IIt) synchronous serial peripheral interface

m L CD driver with 40 segment outputs, 8 backplane
outputs and 8 software selectable seg-
ment/backplane outputs able to drive up to 40x16
(640) or 48x8 (384) LCD segments.

= One external not maskable interrupt

= 9 powerful addressing modes

= The accumulator, the X, Y, V & W registers, the
port and peripherals data & control registers are
addressed in the data space as RAM locations.

= The ST62E85 is the EPROM version, ST62T85
is the OTP version, fully compatible with ST6285
ROM version.

November 1993

PRELIMINARY DATA

PQFP80

CQFP80-W

(Ordering Information at the end of the datasheet)
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Figure 1. 80 Pin Quad Flat Pack (QFP) Package Pinout
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ST62E85 Pin Description
Pin Pin Pin . Pin Pin Pin Pin Pin
number name number name number name number name
1 S41 25 |PC7 41 |comi 65 |S17
2 S42 2 |PC6 42 |CcOoM2 66 |S18
3 s43 27 |PC5 43 | COM3 67 |[s19
4 S44 28 |PC4 44 | COM4 68 [S20
5 s45 29  |NMI 45 | COMS5 69 [s21
6 S46 30 |Vop 46 | COMS6 70 |[s22
7 s47 31 |Vss 47 | cOoM7 71 |s23
8 S48 32 |VLCD 48 | cOMS8 72 |S24
9 S49 33 | VLCD4/5 49 | COMY/ST 73 |s33
10  |s50 34 |VLCD3/5 50 |COM10/S2 74 (s34
11 |s51 35 |vLCD25 51 | COM11/S3 75 |s35
12 |[s52 36 |VLCD1/5 52 | COM12/S4 76 |s36
13 |ss3 37 |PA7/Sout " 53 | COM13/S5 77 |s37
14 |s54 38 |Pae/Sin (@ 54 | COM14/S6 78 |s38
15 |s55 39 |PAs/scL 55 | COM15/S7 79 |s39
16 |s56 40 | PA4TIMT O 56 |CcoM16/S8 80 |s40
17 |PB3 57 |S9
18 |PB2 58 |S10
19 | PB1 59 |Sfti
20 |PBO 60 |S12
21 TESTNep 61 S13
‘22 OSCout 62 S14
23 | 0scCin 63 |[s15
24 |RESET 64 |S16

Note 1: 20mA SINK
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ST62E85 - ST62T85

GENERAL DESCRIPTION

The ST62E85, ST62T85 microcontrollers are
members of the 8-bit HCMOS ST62xx family, a
series of devices oriented to low-medium complex-
ity applications. They are the EPROM/OTP ver-
sions of the ST6285 ROM device and are suitable
for prototyping and low-volume production. All
ST62xx members are based on a building block
approach: a common core is associated with a
combination of on-chip peripherals (macrocells).
The macrocells of the ST6285 family are: an ad-
vanced LCD driver/controller with 40 segments, 8

Figure 2. ST62E85/T85 Block Diagram

backplanes and 8 software selectable seg-
ment/backplane outputs able to drive up to 40x16
(640) or 48x8 (384) segments, one 8 bit standard
timer/counter with a 7-bit software programmable
prescaler (Timer 1), the digital watchdog timer
(DWD), an 8-bit A/D Converter with up to 12 analog
inputs and an 8-bit synchronous serial peripheral
interface (SPI). Thanks to these peripherals the
ST6285 family is well suited for general purpose,
automotive, security, appliance and industrial ap-
plications.

<:> SERIAL PERIPHERAL
INTERFACE ( SP1)

SR

” DIGITAL
WATCHDOG/TIMER

+
F,:> LCD RAM (96x8)

8 BIT
A/D CONVERTER <::>
TESTN,, [ H TEST
NMI H} INTERRUPT
DATA ROM
USER <:>
SELECTABLE
USER PROGRAM
EPROM DATA RAM
192x8 <:>
7948x8
[
STACK LEVEL 1
STACK LEVEL 2
STACK LEVEL 3 <::>
stackLeveLs | | 8 BIT CORE
STACK LEVELS
STACK LEVEL 6
POWER ||
| SUPPLY—I !oscu.uﬂonl \ RESET l

PA4/TIM1, 20mA Sink

[) PAS/SCL, 20mA Sink
PA6/Sin, 20mA Sink
PA7/Sout, 20mA Sink

PB0-PB3/Ain

PC4/PC7/Ain

Ain = Analbg Input

$9-S24 (40 segments)
S$33-556

COM1-COMS8 (8 commons)

COM9/S1-COM16/S8
(8 commons)/(8 segments)

LCD DRIVER

L
Vop Vss OSCin OSCout  RESET

VLCD 1/5 2/5 3/5 4/5 5/5

i

VA00Q479
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ST62E85 - ST62T85

PIN DESCRIPTION

Vpp and Vss. Power is supplied to the MCU using
these two pins. Vpp is power and Vss is the ground
connection. :

OSCIN and OSCOUT. These pins are internally -

connected with the on-chip oscillator circuit. A
‘quartz crystal or a ceramic resonator can be con-
nected between these two pins in order to allow the
correct operation of the MCU with various stabil-
ity/cost trade-offs. OSCin is the input pin, OSCout
is the output pin. An external clock signal can be
applied to OSCin.

RESET. The active low RESET pin isusedto restart
the microcontroller at the beginning of its program.
The RESET pin is provided with an on-chip pull-up
resistor and schmitt trigger input characteristics.

TEST/. TEST must be held at Vss for normal op-
eration (an internal pull-down resistor selects nor-
mal operating mode if TEST pin is not connected).

NMI. The NMI pin provides the capability for asyn-
chronous applying an external top priority interrupt
to the MCU. This pin is falling edge sensitive. The
NMI pin is provided with an on-chip pull-up resistor
and schmitt trigger input characteristics.

PA4/TIM1. This pin can be used as Timer 1 I/O pin.
In input mode it is connected to the timer prescaler
input and acts as the external timer clock or as the
control gate for the internal timer clock. In the
output mode the timer pin outputs the timer data bit
when a time out occurs.

To use this pin as Timer output the 1/0 pin has to
be programmed as open-drain output. To use this
pin as Timerinput the /O pin has to be programmed
as input.

PA4-PA7. These 4 lines are organized as one 1/O
port (A). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. In output mode these lines can also sink 20mA
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for direct LED or triac driving. PA5-PA7 can also be
used as respectively Clock, Data in and Data out
pins for the on-chip SPI to carry the synchronous
serial 1/0 signals. PA4 can also be used as the
TIMER 1 I/0 pin.

PB0-PB3. These 4 lines are organized as one |/O
port (B). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, open-drain or push-pull output or
as an analog input for the A/D converter.

PC4-PC7. These 4 lines are organized as one I/0
port (C). Each line may be configured under soft-
ware control as an input with or without internal
pull-up resistor, an interrupt generating input with
pull-up resistor, or an open-drain or push-pull out-
put. PC4-PC7 can be programmed as analog in-
puts for the A/D converter. Port C has schmitt
trigger inputs and a 5mA drive capability in output
mode.

COM1-COM8. These eight pins are the LCD pe-
ripheral common outputs. They are the outputs of
the on-chip backplane voltage generator which is
used for multiplexing the LCD segment lines.

S$9/524-S33/S56. These pins are the 40 LCD pe-
ripheral driver outputs of the ST62E85, ST62T85.
Segments S1-S8 are multiplexed with COM9-
COM16 and their function is software selectable.

COM9/S1-COM16/S8. These pins are the 8 multi-
plexed common/segment lines. Under software se-
lected control, they can act as LCD common
outputs allowing a 40x16 dot matrix operation, or
they can act as segment outputs allowing 48x8 dot
matrix operation.

VLCD1/5-VLCD5/5. Resistor network nodes for
determining the intermediate display voltage levels
on COM1-COM8/COM16 and S1/S8-S56 pins dur-
ing multiplex operation.




ST62E85 - ST62T85

ST62E85/ST62T85 EPROM/OTP DESCRIPTION.

The ST62E85 is the EPROM version of the ST6285
ROM product. It is intended for use during the
development of an application, and for pre-produc-
tion and small volume production. The ST62T85
OTP _has the same characteristics. They both in-
clude EPROM memory instead of the ROM mem-
ory of the ST6285, and so the program and
constants of the program can be easily modified by
the user with the ST62E85 EPROM programming
board of from SGS-THOMSON.

From a user point of view (with the following excep-
tions) the ST62E85, ST62T85 products have ex-
actly the same software and hardware features of
the ROM version.

On the ST62E8S5, all the 8192 bytes of PROGRAM
memory are available for the user, as all the
EPROM memory can be erased by exposure to UV
light. On the ST62T85 (OTP) device a reserved
area for test purposes exists, as for the ST6285
ROM device. In order to avoid any discrepancy
between program functionality when using the
EPROM, OTP and ROM it is recommended not to
use these reserved areas, even when using the
ST62E8S.

Notes on programming:

In order to emulate exactly the ST6285 features
with the ST62E85 and ST62T85, some software
precautions have to be taken:

1. LCD RAM: The accessible segments are seg-
ments 9 to 24 and 33 to 56.

2. 1/0: To prevent floating input or uncontrolled I/O
interrupt, the port bit PAO-PA3, PB4-PB7 must be
programmed as push-pull output.

3. Data Memory Space: write 40h at the address
DFh of the Data Memory Space (disabled EEPROM).

4. Do not access data space locations: C7, CD, D9,
DA, DB, DF, E5 to FE.

Other than these exceptions, the ST62ES85,
ST62T80 parts are fully compatible with the ROM
ST6280 equivalent, this datasheet thus provides
only information specific to the EPROM based
devices.

THE READER IS ASKED TO REFER TO THE
DATASHEET OF THE ST6285 ROM-BASED DE-
VICE FOR FURTHER DETAILS.

EPROM ERASING

The EPROM of the windowed package of the
ST62E85 may be erased by exposure to Ultra
Violet light.

The erasure characteristic of the ST62E85 EPROM
is such that erasure begins when the memory is
exposed to light with wave lengths shorter than
approximately 4000A. It should be noted that sun-
light and some types of fluorescent lamps have
wavelengths in the range 3000-4000A. It is thus
recommended that the window of the ST62E85
package be covered by an opaque label to prevent
unintentional erasure problems when testing the
application in such an environment.

The recommended erasure procedure of the
ST62E85 EPROM is exposure to short wave ultra-
violet light which has wavelength 2537A. The inte-
grated dose (i.e. UV intensity x exposure time) for
erasure should be a minimum of 15 W-sec/cm?.
The erasure time with this dosage is approximately
15 to 20 minutes using an ultraviolet lamp with
12000uW/cm? power rating. The ST62E85 should
be placed within 2.5 cm (1 inch) of the lamp tubes
during erasure.

ST62T80 OTP Memory Map
ROM Page Device Address Description
0000h-007Fh Reserved
Page 0 0080h-07FFh User ROM
0800h-0F9Fh User ROM
OFAOh-OFEFh Reserved
Page 1 OFFOh-OFF7h Interrupt Vectors
“STATIC" OFF8h-0FFBh Reserved
OFFCh-OFFDh NMI Vector
OFFEh-OFFFh Reset Vector
Page 2 0000h-000Fh Reserved
age 0010h-07FFh User ROM
0000h-000Fh Reserved
Page 3 0010h-07FFh User ROM

Note : EPROM addresses are related to the ROM file to be processed.

~-THOMSO|
Kyy, 55 THOMSON
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fuzzyTECH™ ST6
Explorer Edition

FUZZY LOGIC DEVELOPMENT TOOL FOR ST6

DESIGN:

= System : up to four inputs and one output
m Variables: up to 7 labels per input/output
w Rules : up to 125 rules

ON-LINE OPTIMISATION:

» Real time visualisation and modification
= Data recording

OFF-LINE OPTIMISATION:

n Transfer plot: redundant or unstable rules
= Debugger: real time treatment from PC

= Time response: time plot of input/output
= Simulation: analysis of a built-in model

CODE GENERATOR:
» Optimised ST6 assembly code
= No licence fee
USER INTERFACE:
» “point & click” tools MS-Windows™ compatible
PERFORMANCE (typical) :
= 7 rules /2 inputs/ 1output 10ms
580 bytes ROM - 30 bytes RAM
= 20 rules/ 2 inputs/ 1output15ms
670bytes ROM - 34 bytes RAM

= ‘ : fuzzyTECH - CRANE.FTL . 2]
File Edit Debug Analyzer Compile Options Window Help
Angle I' |A Powcr -
pos_big neg_high
1 | JJ& /m
0 0 r
-
-80 -37.8947 3
degree KW
Distance Debug ] v I -
neg_close
1 Outputs:
-37.8947 Power 14.0000
0 O
x =
- -10 6.0000 30 2]
v Vatue: [37.894 B steps pa: [10.00 [ \
Project Ed|lor
June 1994 7

This is Preliminary information from SGS-THOMSON. Details are subject to change without notice.
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fuzzyTECH ST6

DESCRIPTION

fuzzyTECH ST6 Explorer Edition is an easy to
use, high level software development tool opti-
mised for the design of fuzzy logic controls with
the ST6 microcontroller. It covers all the steps of
a fuzzy logic design from the initial concept to the
production of optimised ST6 executable code. In
addition, its MS-Windows™ based interface
takes full advantage of the intuitive approach of
fuzzy logic to define and optimise the control with

a very friendly approach. These features enable Mo T, ome
the fast development of optimised control. [E ngel MIN

Angle Power Power B
Figure 1. A development flow chart e T [[eron

Figure 2. Design Screen Examples

(Pt
={ File FEdit Debug Analyzer Campile Oplions Window Help

Example of System Architecture

Container Crane Controller

DEFINITION OPTIMIZATION CODING

[~

PROGRAMMING

oTP

VR02033

THE GRAPHIC DESIGN EDITORS:

FuzzyTECH ST6 Explorer Edition includes three
graphical editors for the definition of the system
structure, linguistic variables and rules genera-
tion. The resolution is 8-bit for all internal and ex-
ternal data. These editors enable definition of
the complete system with graphical tools using a
“point & click” approach.

System:

- Up to 4 input variables per module

- 1 output variable per module

- Fast computation fuzzification method
Variables:

- Up to 7 terms per variable

Rules:

- Allows up to 125 rules

- Full graphical input with matrix or spreadsheet
- Supports standard Max-Min inference method

'
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Term

eq_close 1
izero

\ close
IO
ar

1.00! [pos_medium

1,00, |pos_high

E i|neg_small 1.00; |pos_high
4. ]|neg_big medium |_[1.00 |pos_medium
% lpos_small close 1.00] |neg_medium
6. |zero close 1.00 |zero
7. |neg_small close 1.00" Jpos_medium
[ _ |pbs_small zero 1.00Jfneg_medium
[ 9 ijzero 2ero 1.00_Jzero




fuzzyTECH ST6

THE OPTIMISATION TOOLS:

fuzzyTECH ST6 Explorer Edition provides several
optimisation tools using real time data coming from
the application or simulations of the system behav-
iour. The generated files can be treated with the
graphical tools of fuzzyTECH or with other soft-
ware running on a PC.

On-line optimisation:

- Real time visualisation and modification (serial
debug mode):

Figure 3. Task sharing of the serial debug mode

This mode enables the visualisation and modifica-
- tion in real time of the fuzzy logic algorithm configu-
ration from a PC. In this mode, the fuzzy logic
algorithm is treated by the PC. The ST62 program
includes the application interface and the PC inter-
face protocol. An RS232 link provides the interface
between the PC and the ST62. The optimisation
tools of fuzzyTECH can be used in real time in this
mode. This option can be used in applications with
a dynamic operation of typically 100ms or slower.

PC ST6 APPLICATION
fuzzyTECH
fuzzy LOGIC
ALGORITHM COMMUNICATION

TARGET

ﬁ ﬁ BOARD
GRAPHICAL APPLICATION
TOOLS INTERFACE

VR02032

£ SGS-THOMSON
Y/ MICROELECTRONICS
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fuzzyTECH ST6

THE OPTIMISATION TOOLS (Continued)
- Data recording (file mode):

This mode enables the recording of input and out-
put data coming from the ST62 in a PC. In this
mode, the fuzzy logic algorithm is treated by the
§T62 microcontroller. During each fuzzy iteration,

Figure 4. Task sharing of the file mode

the input and output data of the algorithm are sent
by serial RS232 or a parallel port to the PC. This
data can be used later inside the fuzzyTECH pro-
gram or in any other software to visualise the con-
trol performance. This mode can be used in
applications requiring a dynamic operation faster
than 100ms.

PC ST6 APPLICATION
COMMUNICATION
fuzzyTECH
Sfuzzy LOGIC
— ALGORITHM — TARGET
GRAPHICAL BOARD
TOOLS
APPLICATION
INTERFACE
VRO02032A

477
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fuzzyTECH ST6

THE OPTIMISATION TOOLS (Continued)
Off-line optimisation:

The debugging tool uses files coming from the real
application or from simulation. It generates files in
the fuzzyTECH format which enables the use of
the fuzzyTECH graphical tools to optimise the con-
trol algorithm.

- fuzzyTECH Debugger:

Test and verification of the system under design
using different debug modes. The entire inference
flow can be visualised, including rules and tracing
variables. .

- fuzzyTECH Time Response:

Rules and variable tracing either in real time, on
the basis of recorded process data, or using a
process simulation.

- fuzzyTECH Transfer Plot :

Visualisation with surface control of the operative
rules to identify redundant rules and regions of in-
stability.

- fuzzyTECH Simulator:

To get started right away, an animated simulator of
a crane container control is provided. By experi-
menting how modifications on rules affect the
crane performance, the basics of fuzzy logic con-
trol can be understood.

Figure 5. Optimisation Screen Examples

Examp|e of Time Response

tim= Hlot - 1

Plotltems:

Pitane
K g ‘nwrr

[3id : Zuom: !5 . F{-
I - Anrg_smail | Dmedinm = Py P .poa_high )

Example of Transfer Plot

Transter Plot ,

Angle 1

Distance

0.13032
Power 0.117647

-90 Angle 90

<10

Distance

30

About

e

‘: vy SGS-THOMSON
Y/, MICROELECTRONICS

= 080
- Hevel
Angle: ] | I [ Gt |
Distance: 2180
Power: 0.0
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fuzzyTECH ST6

CODE GENERATOR:

fuzzyTECH is a hardware independent object ori-
ented program dedicated to fuzzy logic. Its output
has to be compiled and linked to the rest of the ap-
plication prior to use in the target microcontroller.

The ST6 code generator is used to produce highly
optimised ST6 assembler code which minimises
the program size. Data acquisition and data out is
made using the conventional peripherals and pro-
gramming resources of the microcontroller.

Figure 6. Typical Flow Chart

The fuzzy logic code is merged with the conven-
tional program using the “link” procedure of the
current ST6 programming software. The linked
code is loaded into the ST6 EPROM or OTP part
using an ST6 programming t