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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 ably be expected to cause the failure of the life support
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided 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
(INMOS Transputer, ST9 and ST10 families), through a range of intermediate level
products (Second-sourced 6801, 6805, Z8) to controllers offering the economical
solutions to the control of small systems. SGS-THOMSON has introduces the ST6
family, enhanced by the multi-purpose CMOS technology integratins 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 maximis-
ing 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. For example the 20 pin surface mounting ST6210 microcon-
troller, together with one crystal oscillator or ceramic resonator, two low value capaci-
tors and an SGS-THOMSON logic-level triac can easily form the heart of a controller
for a mains supplied motor. The 20mA output drive capability, timers, the built-in latchup
protection and the integral Analog to Digital Converter altogether provide an economi-
cal solution.

For user input and feedback, ST6 family members also provide efficient keyboard
scanning configurations, direct LCD display drive, as well as direct control through
potentiometers.

Other family members offer high reiiabiiity EEPROM for parameter storage. Aii of them
have EPROM and OTP ROM equivalent parts for quick preproduction evaluation and
test, shortening the critical Time to Market during the development phase. This is aided
by full-feature development support tools: Assemblers and Linkers, Software simula-
tors, Real-time Hardware Emulators and production EPROM programmers.

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

c—y 7] SGS-THOMSON
MICROELECTRONICS




INTRODUCTION

The ST62E10 EPROM version of the SGS-THOMSON ST62XX CMOS single chip microcomputer family,
directly compatible with the ST621X ROM devices.
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ST6210-ST6215
ST6220-ST6225

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

s User ROM: 1828 bytes (ST6210,15)
3876 bytes (ST6220,25)
s Data ROM: User selectable size
(in program ROM)
s Data RAM: 64 bytes

PDIP20, PSO20 (ST6210,20) packages
PDIP28, PSO28 (ST6215,25) packages

12/20 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

= 4 /O lines 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 (ST6210,

ST6220) and up to 16 (ST6215, ST6225) analog
inputs

= On-chip clock oscillator

= Power-on Reset

= One external not maskable interrupt
= 9 powerful addressing modes

= The development tool of the ST621x, ST622x
microcontrollers consists of the ST621x-EMU
emulation and development system connected
via a standard RS232 serial line to an MS-DOS
Personal Computer

Device Summary page 3/48

September 1992

PDIP28

PDIP20

PS0O28

PS020

(Ordering Information at the end of the datasheet)
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ST6210-15-20-25

Figure 1. ST6210,ST6220 Pin Configuration Figure 2. ST6215,ST6225 Pin Configuration
V bp Vss
U TIMER PAO
V op d1 20 ] Vss
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TIMER PAQ
2 19 0SCout PA2
0SCin
(s 18 [ Pa1 . Pas
0SCout []4 17 [ pa2 Ain/PC7 PA4/ Ain
NME []s 16 [ PA3 Ain / PC6 PAS / Ain
TEST [6 15 ] PBO/Ain Ain/PC5 PAG / Ain
ReSeT []7 14 [1 PB1/Ain Ain/ PG4 PA7/ Ain
ain/PB7 [ 13 [J  PB2/AIn TEST PBO / Ain
An/PB6 [9 12 [] PB3/AIn RESET PB1/ Ain
Ain/PBs [] 10 11 [] PB4/Ain Ain / PB7 PB2/ Ain
VROA1804 Ain/ PB6 PB3/ Ain
Ain / PBS PB4 / Ain
VR001804
Figure 3. ST6210,15,20,25 Block Diagram
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ST6210-15-20-25

GENERAL DESCRIPTION

The ST6210, ST6215, ST6220 and ST6225 micro-
controllers 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 ST6210, ST6215, ST6220 and ST6225 are:
the Timer peripheral that includes an 8-bit counter
with a 7-bit software programmable prescaler
(Timer), the 8-bit A/D Converter with up to 8
(ST6210, ST6220) and up to 16 (ST6215, ST6225)
analog inputs (A/D inputs are alternate functions of
1/0 pins), the Digital Watchdog (DWD). Thanks to
these peripherals these devices are well suited for
automotive, appliance and industrial applications.
The ST62E10, ST62E15, ST62E20 and ST62E25
EPROM versions are available for prototypes and
low-volume production; also OTP versions are
available. The only difference between ST6210,15
and ST6220,25 is the program memory size which
is 2K bytes for the ST6210,15 and 4K bytes for the
ST6220,25.

DEVICE SUMMARY
Device (:;32';) /0 Pins
ST6210 2K 12
ST6215 2K 20
ST6220 4K 12
ST6225 4K 20

PIN DESCRIPTION

Voo 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
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 pin is used to place the MCU
into special operating mode. 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 not maskable inter-
rupt to the MCU. The NMl is falling edge sensitive.
On ST6210,15 and ST6220,25 the user can select
as ROM mask option (see option list at the end of
the datasheet) the availability of an on-chip pull-up
at NMI pin. On EPROM/OTP versions this pull-up
is not available and should 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 atime-out occurs. On ST6210,15 and
ST6220,25 the user can select as ROM mask
option (see option list at the end of the datasheet)
the availability of an on-chip pull-up at TIMER pin.
On EPROM/OTP versions this pull-up is not avail-
able and should be provided externally.

PAO0-PA3,PA4-PA7(*). These 8 lines are or-
ganized as one I/O port (A). Each line may be
configured under software control as inputs with or
without internal pull-up resistors, interrupt genera-
ting inputs with pull-up resistors, open-drain or
push-pull outputs. PA0-PAS 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 ST6210, ST6220.

PBO0-PB7. These 8 lines are organized as one 1/O
port (B). 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(*). These 4 lines are organized as one
1/0 port (C). Each line may be configured under
software control as inputs with or without internai
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 ST6210, ST6220.

5;' SGS-THOMSON 3/48
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ST6210-15-20-25

ST62xx CORE

The core of the ST62xx Family is implemented
independently from the 1/0O 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-
trol busses. The in-core communication is arranged NDEX [e7xwec pomter 00 |
as shown in Figure 5; the controller being externally Reosters | [G7 v o rommeR oo | SHORT DReCT
linked to both the reset and the oscillator, while the T 5 APRESSING
core is linked to the dedicated on-chip macrocells & e — o]
peripherals via the serial data bus and indirectly for I [
interrupt purposes through the control registers. L
Registers [ b11 PROGRAM COUNTER b0 |
The ST62xx Family core has six registers and three — —
pairs of flags available to the programmer. They are — SIX LEVELS —
shown in Figure 4 and are explained in the following STACK REGISTER -
paragraphs.
Accumulator (A). The accumulator is an 8-bit
general purpose register used in all arithmetic cal- NORMAL FLAGS
culations, logical operations, and data manipula-
tions. The accumulator is addressed in the data INTERRUPT FLAGS
space as RAM location at address FFh. Accord- -
ingly, the ST62xx instruction set can use the accu- Lo
mulator as any other register of the data space. B
Figure 5. ST62xx Core Biock Diagram
0,01 TO 8MHz
RESET OSCin[EH]‘EF OSCout
CONTROLLER | INTERRUPTS
A
DATA SPACE
FLAG CONTROL .
OPCODE VALUES 5 SIGNALS ADDRESS / READ LINE
: DATA
RAM / EEPROM
| PROGRAM _|
ROM/EPROM
~ ADDRESS  |5==N DATA
g . DECODER —‘256/ ROM / EPROM
A-DATA B-DATA -
' Zﬁ . L DEDICATIONS  |—4-
< :
: Program Counter ' ACCUMULATOR
12 . and FLAGS —
. 6 LAYER STACK
Zr RESULTS TO DATA SPACE ( WRITE LINE )
............................... ' VR001811
4/48 Lyy SGS-THOMSON
’ © MICROELECTRONICS
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ST6210-15-20-25

ST6xx CORE (Continued)

Indirect Registers (X, Y). These two indirect reg-
isters are used as pointers to the memory locations
in the data space. They are used in the register-in-
direct addressing mode. These registers can be
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. Accord-
ingly, 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
relative 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

Flags (C, Z2)

The ST62xx core includes three pairs of flags that
correspond 103 different modes: normal mode, in-
terrupt 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
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 set if 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 RET! instructions occurs. As the NMI mode is
automatically selected after the reset of the MCU,
the ST62xx core uses at first the NMI flags.

instructions . . . . . . .. PC= PC £ offset
—Interrupt . . . ... ... PC= Interrupt vector
—Reset. . ......... PC= Reset vector
— RET & RETl instructions PC= Pop (stack)
— Normal instruction . . .. PC=PC+1
<71 SGS-THOMSON 5/48
’I MICROELECTRONICS
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S$T6210-15-20-25

ST6xx CORE (Continued)

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 ex-
ecuted, 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
ET OR RETI
R TWEN STACK LEVEL 1 — WHEchALL

e~ "INTERRUPT REQUEST
OCCURS

STACK LEVEL 2
STACK LEVEL 3
STACK LEVEL 4
STACK LEVEL 5 :‘
STACK LEVEL 6 :

OCCURS

140}

VA00424

MEMORY SPACES

The MCUs operate in three different memory
spaces: Program Space, Data Space, and Stack
Space. A description of these spaces is shown in
the following tables.

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 user vectors. It is ad-
dressed 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 2-Kbyte ROM banks.

Table 1. ST6210,15 Program ROM Memory Map

Device Address Description
0000h-07FFh Not Implemented
0800H-087Fh Reserved

) User Program ROM
0880h-0F9Fh 1828 Bytes
OFAOh-OFEFh Reserved
OFFOh-OFF7h Interrupt Vectors
OFF8h-0FFBh Reserved
OFFCh-OFFDh NMI Vector
OFFEh-OFFFh User Reset Vector

Table 2. ST6220,25 Program ROM Memory Map

Device Address
0000h-007Fh

Description

Reserved

0080h-0F9Fh User Program ROM

3872 Bytes
OFAOh-OFEFh Reserved
OFFOh-OFF7h interrupt Vectors
OFF8h-OFFBh Reserved
OFFCh-OFFDh NMI Vector

OFFEh-OFFFh User Reset Vector

6/48
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S$T6210-15-20-25

MEMORY SPACES (Continued)
Table 3. ST6210,15,20,25 Data Memory Space

000h
NOT IMPLEMENTED
03Fh
040h
DATA ROM WINDOW
64 BYTES
07Fh
X REGISTER 080h
Y REGISTER 081h
V REGISTER 082h
W REGISTER 083h
084h
DATA RAM 60 BYTES
0BFh

PORT A DATA REGISTER 0COh
PORT B DATA REGISTER 0Cth
PORT C DATA REGISTER 0C2h
RESERVED 0C3h

PORT ADIRECTION REGISTER | 0C4h
PORT B DIRECTION REGISTER | 0C5h
PORT C DIRECTION REGISTER | oCéh
RESERVED 0C7h
INTERRUPT OPTION REGISTER | oC8h*
DATA ROM WINDOW REGISTER | 0C9h*

0CAh
RESERVED 0CBh

PORT A OPTION REGISTER 0CCh
PORT B OPTION REGISTER 0CDh
PORT C OPTION REGISTER 0CEh

RESERVED OCFh
A/D DATA REGISTER 0DOh
A/D CONTROL REGISTER 0D1h
TIMER PSC REGISTER 0D2h
TIMER DATA REGISTER 0D3h
TIMER TSCR REGISTER 0D4h
0D5h

RESERVED
0D7h
WATCHDOG REGISTER 0D8h
0D%h

RESERVED
OFEh
ACCUMULATOR OFFh

* WRITE ONLY REGISTER

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 memory, ST62xx core/peripheral registers,
and read-only data such as constants and look-up
tables.

Data ROM addressing. All the read-only data is
physically implemented 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 (see
Figure 9).

This window is located from address 40h to ad-
dress 7Fh in the Data space and allows the direct
reading of the bytes from address 000h to address
03Fh in the ROM memory. All the bytes of the ROM -
memory can 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 Data ROM
Window register (DRW register).

The RAM memory can be also extended by the
addition of 64 bytes RAM banks addressed as
being located between the addresses 00h and 7Fh.

In the ST6210, ST6215, ST6220 and ST6225 pro-
ducts the data space includes 60 bytes of RAM, the
accumulator (A), the indirect registers (X), (Y), the
short direct registers (V), (W), the I/O port registers,
the peripheral data and control registers, the inter-
rupt 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.

‘Y_I SGS-THOMSON 7/48
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ST6210-15-20-25

MEMORY SPACES (Continued)

Read-only Data Window register (DWR)

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 adatainthe 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 7). The DWR register is not cleared at reset,
therefore it must be written to before the first
access to the Data ROM window area.

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 ina 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 7. Data ROM Window Memory Addressing

Figure 8. Data ROM Window Register

DWR

DataROM W hdow Regster
€9, W rie Only)

D7 D;[DS D4|D3|D2|D1|DO

L DWRQ = Data ROM Window 0
DWR1 = Data ROM Window 1

DWR?2 = Data ROM Window 2
DWR3 = Data ROM Window 3
DWR4 = Data ROM Window 4
DWRS5 = 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 address this
register.

t
22 1109 8 7 6! 4 3 2 1 0 PROGRAM SPACE ADDRESS
7 6 5 4 3 2 1 0 READ
evaTDAOVRV)OF?EGISTER ¢ 3 2 10
DATA SPACE ADDRESS
CONTENTS A0H—TFH
YA IN INSTRUCTION
VR0O01573
8/48 [y7 SGS-THOMSON
’la MICROELECTRONICS
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ST6210-15-20-25

MEMORY SPACES (Continued)
Figure 9. Memory Addressing Description Diagram

PROGRAM SPACE

DATA SPACE

MICROELECTRONICS

000CH T 000H
I
T RAM/EEPROM
L
I BANKING AREA
+O—63 h
| 03FH
1 ™ 040H
i DATA ROM
] i WINDOW
= __O7FH
i 080H|[ X REGISTER
1
8;55: | 081H[ v REGISTER
| 082H| v REGISTER
| 083H| W REGISTER
| 084H
! RAM
‘ 0COH
- DATA ROM
WINDOW SELECT
DATA_RAM
OFFOH BANK SELECT
INTERRUPT &
OFFFH|RESET VECTORS OFFH| ACCUMULATOR
VR001568
SGS-THOMSON 9/48
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ST6210-15-20-25

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 address of the
Jump instruction and the interrupt routine is pro-
cessed.

The ST6210, ST6215, ST6220 and ST6225 micro-
controllers have six different interrupt sources as-

sociated to different interrupt vectors as it is
described in table below.

Table 4. Interrupt Vector/Source Relationship

Interrupt Source | Associated Vector | Vector Address
. Interrupt vector #0

NMI pin (NMI) (FFCh, FFDh)
Port Apins 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 | (FF3h, FF2h)
ADC peripheral | Interrupt vector #4 | (FFOh, FF1h)

10/48
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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 ST6210, ST6215,
ST6220 and ST6225 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 FF3h, FF2h and addresses FFih,
FFOh 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), this
bit is set to one when the device wants to gener-
ate 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 has the hig-
hest 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 pro-
cessed 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.

» MICROELECTRONICS
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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 10. Interrupt Option Register

DR

htermmptOption Register
C8h,W rie Only)

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

e
l—— GEN = Global Enable Bit

- ESB = Edge Selection Bit
LES = Edge Level Selection Bi
Unused

D7. D3-DO These bits are not used.

LES. Level/Edge Selection Bit. When this bit is set
to one, the interrupt #1 (SPI) 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 A & B 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.

Table 5. Interrupt Option Register

SET Enable all the interrupts of the product
CLEAR | Disable all the interrupts of the product
SET Rising edge mode on interrupt input #2

GEN

ESB

CLEAR | Falling edge mode on interrupt input #2

SET Level sensitive mode on interrupt input #1

LES

CLEAR | Falling edge mode on interrupt input #1

External Interrupts Operating Modes

The NMI interrupt is associated to the external
interrupt pin of the ST6210, ST6215, ST6220 and
ST6225 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 fall-
ing/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 avail-
able 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 ST6210,15 and ST6220,25 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 = "0", the NMI interrupt is active but
cannot cause a restart from STOP/WAIT modes

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.

‘7’ SGS-THOMSON 11/48
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INTERRUPT (Continued)
Figure 11. Interrupt Processing Flow-Chart
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The following list summarizes the interrupt proce-
dure:

— Interrupt detection

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

— The edge flip-flop is reset

— The related interrupt vector is loaded in the PC.

— 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)

— Interrupt servicing

— Return from interrupt (RETI)

— Automatically the ST62xx core switches back to
the normal flags (resp 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.

SGS-THOMSON
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INTERRUPT (Continued)
Interrupt Request and Mask Bits

Interrupt Option Register, IOR

Location 0C8h

— GEN. If this bit is set all the ST6210, ST6215,
ST6220 and ST6225 interrupts are enabled, if
reset all the interrupt are disabled (excluding the
NMI).

— ESB. Ifthis bitis set all the inputs lines associated
to interrupt vector #2 are rising edge sensitive, if
reset they are falling edge sensitive.

— LES. Ifthis bit is set all the inputs lines associated
to interrupt vector #1 are low level sensitive, if
reset they are falling edge sensitive.

All other bits into this register are not used.

Figure 12. Interrupt Circuit Diagram

Timer Peripheral, TSCR register

Location D4h

— TMZ bit. A low-to-high transition indicates that
the timer count register has decremented to zero.
This means that an interrupt request can be
generated in relation to the state of ETI bit.

— ETI bit. This bit, when set, enables the timer
interrupt request.

A/D Converter Peripheral, ADCR register

Location D1H

— C bit. This read only bit indicates when a conver-
sion has been completed, by going to one. An
interrupt request can be generated in relation to
the state of EAI bit.

— EAI bit. This bit, when set, enables the A/D
converter interrupt request.

EAI

A/D CON. £0C

Voo
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) RESTART FROM
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IOR REG. C8H, bit 5 t,

™Z

INT #3 (FF2,3)
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RESET

The ST6210, ST6215, ST6220 and ST6225 MCUs
can be reset in three ways: by the external reset
input (RESET) tied low, by power-on reset and by
the digital watchdog/timer 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 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 puises
atthe reset pin willbe accepted. This feature is valid
providing that Vpp has finished its rising phase and
the oscillator is running correctly (normal RUN or
WAIT modes).

If the Reset activation occurs in the RUN or Wait
mode, the MCU is configured in the Reset mode
for as long as the signal of the RESET pin is low.
The processing of the program is stopped (in RUN
mode only) and the Input/Outputs are in the High-
impedance with pull-up resistors switched on state.
As soon as the level on the Reset pin becomes
high, the initialization sequence is executed.

If a Reset pin activation occurs in the STOP mode,
the oscillator starts and all the inputs/outputs are
configured in the High-impedance with ppull-up
resistors on state as long as the level on the
RESET pin remains low. When the level of the
RESET pin becomes high, a delay is generated by
the ST62xx core to ensure that the oscillator
becomes completely stabilized.

Then, the initialization sequence is started.

14/48 57 SGS-THOMSON

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 the input mode (High-impedance with pull-up
state) and no instruction is executed. When the
power supply voltage becomes sufficient, the oscil-
lator starts to operate, nevertheless the ST62xx
core generates a delay to allow the oscillator to be
completely stabilized before the execution of the
first instruction. Then, the initialization sequence is
executed.

The processor remains in reset state for as long as
the reset pin is kept at low level. The reset will be
released after the voltage at the reset pin reaches
the related high level.

Notes

To have a correct start-up the user should take care
that the reset input does not change to the high
level before the Vpp level is sufficient to allow MCU
operation at the chosen frequency (see Recom-
mended Operating Conditions).

An on-chip counter circuit provides a delay of 2048
oscillator cycles between the detection of the reset
high level and the release of the MCU reset.

A proper reset signal for slow rising Vpp, i.e. the
required delay between reaching sufficient operating
voltage and the reset input changing to a high level,
can be generally provided by an external capacitor
connected between the RESET pin and Vss.

= MICROELECTRONICS

24



ST6210-15-20-25

RESET (Continued)

Watchdog Reset

The ST6210, ST6215, ST6220 and ST6225 pro-
vide an on-chip watchdog/timer function in order to
provide a graceful recovery from a software upset.
Ifthe watchdog register is not refreshed, preventing
the end-of-count being reached, an internal circuit
pulls down the reset pin. The MCU will enter the
reset state as soon as the voitage at RESET pin
reaches the related low level. This also resets the
watchdog which subsequently turns off the pull-
down and activates the pull-up device at the reset
pin. This causes the positive transition at the reset
pin and terminates the reset state.

Figure 13. Reset Circuit

Application Notes

An external resistor between Vpp and reset pin is
not required because an internal pull-up device is
provided. If the user prefers, for any reason, to add
an external pull-up resistor its value must not be
less than 30KQ. If the value is lower than 30KQ the
on-chip watchdog pull-down transistor might not be
able to pull-down the reset pin resulting in an
external deactivation of the watchdog function.

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 Vpp
voltage rises up. The POR device DOES NOT allow
the supervision of a static rising or falling edge of
the Vpp voltage.

ST6
OSCILLATOR INTERNAL
SIGNAL RESET
COUNTER
_ TO ST6
RESET L 2.8kl RESET
J _ﬂ—
(ACTIVE LOW) Vb
300k0
WATCHDOG
RESET

VA00200
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RESET (Continued)

Figure 14. Reset & Interrupt Processing
Flow-Chart

NMI MASK SET
INT LATCH
CLEARED

(IF PRESENT)

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 interrupt mode to
prevent false or ghost interrupts during the restart
phase. Therefore the restart routine should be
terminated by a RETl instruction to switch to normal
mode and enable interrupts. If no pending interrupt
is present at the end of the reset routine the ST62xx

SENLEICT will continue with the instruction after the RETI;
MODE FLAGS otherwise the pending interrupt will be serviced
[ Figure 15. Restart Initialization Program
PUT FFEH
ON ADDRESS Flow-Chart
BUS
IS RESET
STILL PRESENT?
LOAD PC
FROM RESET JP JP: 2 BYTES/4 CYCLES
VECTOR LOCATIONS RESET
FFE/FFF VECTOR
T
|
FETCH !
INSTRUCTION fo——
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|
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VAQO0181
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WAIT & STOP MODES

The WAIT and STOP modes have been im-
plemented 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
described in the following paragraphs

WAIT Mode

The configuration of the MCU in the WAIT mode
occurs 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 reg-
isters are saved as long as the power supply volt-
age is higher than the RAM retention voltage but
where the peripherals are still working. The WAIT
mode is used when the user wants to reduce the
consumption of the MCU when itis in 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
counting may be enabled (writing the PSI bit in
TSCR register) and the timer interrupt may be also
enabled before entering the WAIT mode; this allow-
s the WAIT mode to be left when timer interrupt
occurs. The above explanation related to the timers
applies also to the A/D converter. If the exit from
the WAIT mode is performed with ageneral RESET
(either from the activation of the external pin or by
watchdog reset) the MCU will enter a normal reset
procedure as described in the RESET 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 will be described in the fol-
lowing paragraphs. In any case, the ST62xx core
does not generate any delay after the occurrence of
the interrupt because the oscillator clock is still avail-
able.

"_l SGS-THOMSON
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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 con-
sidered as being "frozen", no instruction is ex-
ecuted, 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 external 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 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
ofthe WAIT or STOP sequence, but also of the type
of the interrupt request that is generated.

17/48
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WAIT & STOP MODES (Continued)

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 ex-
ecuted and the ST62xx core is still in the non-mask-
able interrupt mode even if another interrupt has
been generated.

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 ST6
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 ST6 core remains in the normal interrupt
mode.

Note

To reach the lowest power consumption the user
software must put the A/D converter in its power
down mode by clearing the PDS bit in the A/D
control register before entering the STOP instruc-
tion.

If all the interrupt sources are disabled (including
NMI if GEN="0"), 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.

18/48

ON-CHIP CLOCK OSCILLATOR

The internal oscillator circuit is designed to require
a minimum of external components. A crystal, a
ceramic resonator, or an external signal (provided
to the OSCIN pin) may be used to generate a
system clock with various stability/cost tradeoffs.
The different clock generator options connection
methods are shown in Figure 17.

One machine cycle takes 13 oscillator pulses; 12
clock pulses are needed to increment the PC while
and additional 13th pulse is needed to stabilize the
internal latches during memory addressing. This
means that with a clock frequency of 8MHz the
machine cycle is 1.625us. The crystal oscillator
start-up time is a function of many variables: crystal
parameters (especially RS), oscillator load capacit-
ance (CL), IC parameters, ambient temperature,
and supply voltage. It must be observed that the
crystal or ceramic leads and circuit connections
must be as short as possible. Typical values for
CL1, CL2 are 15-22pF for a 4/8MHz crystal. The
oscillator output frequency is internally divided by
13 to produce the machine cycle and by 12 to
produce the Timer, the Watchdog and the A/D
peripheral clock. A machine cycle is the smallest
unit needed to execute any operation (i.e., incre-
ment the program counter). An instruction may
need two, four, or five byte cycles to be executed.

Figure 16. Crystal Parameters

Rs G Ly

OSCIN OscouT

|

VA00101

Crystal Parameters: AT-cut Parallel Resonance Crystal
CO0 = Parallel Resonance Capacitance
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ON-CHIP OSCILLATOR (Continued)

Figure 17. Oscillator Connection

CRYSTAL CLOCK EXTERNAL CLOCK

STEXXX

STEXXX
OSCIN 0SCoUT OSCIN 0scouT
L1 L2
1 L OSCIN OSCIN
VAODO16 VA00015

CL1 = CL2 = 12 to 22pF for a 4/8MHz crystal

Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,)
Maximum FREQUENCY ( MHz)

3 3.5 4 4.5 5 5.5 6

VR001807

SUPPLY VOLTAGE ( V,, )
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INPUT/OUTPUT PORTS

The ST6210, ST6220 and ST6215, ST6225 micro-
controllers have respectively 12 and 20 Input/Out-
put lines that can be individually programmed
either in the input mode or the output mode with the
following options that can be selected by software:

- Input without pull-up and without interrupt

- Input with pull-up and with interrupt

- Input with pull-up without interrupt

- Analog input

- Push-pull output

- Standard Open drain output

- 20mA Open drain output

The lines are organized in three ports (port A,B,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 PAQ line of Port A).

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 con-

Figure 18. I/O Port Block Diagram

figured 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 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
changes of the input configuration.

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

The three Option registers (ORPA, ORPB, ORPC)
are used to select the different port options that are
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 man-
ipulation. 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.
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INPUT/OUTPUT PORTS (Continued)

/O Pin Programming Figure 20. /0 Port Data Direction Registers
Each pin can be individually programmed as input
or output with different input and output configura-
tions. PortA,B,C DataD irection Register
This is achieved by writing to the relevant bit in the (CARER,CIRER.CEN BC/Reat/i #=)
data (DR), data direction register (DDR) and option
registers (OR). Table 6 shows all the port configu-
rations that can be selected by user software.

DDRA,DDRB DDRC

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

[ PAOQ- PA7 = Data Direction Bitg
PBO - PB7 = Data Direction Bits

Figure 19. I/O Port Data Registers ——— PC0-PC7 = Data Direction Bits

"0" Defines bit as Input

"1" Defines bit as Output

DRA,DRB,DRC

Notes:
(COh P};Oét]i’gé chi%}ée%ﬁgw re) 1. For complete coding explanation refer to Table 6.
2. PA4-PA7 and PC4-PC7 are not available on ST6210,
ST6220. PCO-PC3 are not available as pins.
They should be programmed in output mode.

D7|D6|D5(D4|D3|D2|D1|D0O

A0 - PA7 = Data Bits Figure 21. 1/0 Port Option Registers
PBO - PB7 = Data Bits
t———————— PCO0- PC7 = Data Bits

ORA,ORB,ORC

Notes: . X

1. For complete coding explanation refer to Table 6. cch gg:%%’g i,% ,C)C%%’gg ,elgead W rie)

2. PA4-PA7 and PC4-PC7 are not available on ST6210,
ST6220/E20. PCO-PC3 are not available as pins.

D7]D6 D5JD4 D3|D2|D1{DO

PA7-PAO = Option Bits
PB7-PBO = Option Bits

PC7-PCO = Option Bits

Notes:
1. For complete coding explanation refer to Table 6.

2. PA4-PA7 and PC4-PC7 are not available on ST6210,
. . ST6220. PCO-PC3 are not available as pins.
Table 6. 1/0 Port Options Selection

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 (for the PA0-PA3 pins).

Input Analog input (for the PA4-PA7, PB0O-PB7, PC4-PC7 pin)
) 0 X Output | 20mA sink Open-drain output (for the PAO-PA3 pins)
Output | Standard Open-drain output (for the PA4-PA7, PB0-PB7, PC4-PC7 pins)
1 1 X Output | Push-pull output
Notes:

X. Means don't care.
1. PA4-PA7 and PC4-PC7 are not available on ST6210, ST6220.
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INPUT/OUTPUT PORTS (Continued)

Input Option Description

Puli-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 (see table 4).
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 individ-
ually connected by software to the interrupt lines of
the ST62xx core according to the codes pro-
grammed in the OR and DR registers (see table 4).
The pins of Port A are AND-connected to the inter-
rupt associated 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
sensitive, rising edge sensitive, low level sensitive)
can be selected by software for each port by pro-
gramming 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 (see table 6). These analog
inputs are connected to the on-chip 8-bit Analog to
Digital Converter. ONLY ONE pin should be pro-
grammed as analog input at a time, otherwise the
selected inputs will be shorted.

Notes

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 tran-
sitions are shown below. All other transistions 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 gener-
ation or two pins shorted together by the analog
inut lines.

Single bit SET and RES instructions should be
used very carefully with Port A, B and C data
registers becaues 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 SET and RES instruc-
tions 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
ST6210, ST6215, ST6220 and ST6225 to be used
in situations where low power consumption 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 22. I/0O Port StateTransition Diagram for Safe Transitions

Interrupt " Input
pull-up 01T0 ot Analog
___________ - S,

Input v I

pull-up (Reset 000 +———————— 001 Input

state) _____ I I ___________ _
Output Output
. B E—— .
Open Drain mIO 1f1 Open Drain
Output Output
-—»
Push-pull 10 i Push-pull

Note *. xxx = DDR, OR, DR Bits
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TIMER

The ST6210, ST6215, ST6220 and ST6225 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 oper-
ating modes. Figure 23 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 address 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.

.

The prescaler input can be the oscillator 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 PSO0 bits in the TSCR (see table 6), the
clock input of the timer/counter register is multi-
plexed to different sources. Ondivision 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
prescaler initialize bit (PSl) in 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 24 shows the Timer working prin-
ciple.

Eisiira 09 Timar Davimhaval Dlaaly Niasaesns
rluu' &9. HiIneT rei Ipllc'al wiven Ulaslﬂlll
{ DATA BUS 8 )
g 8-BIT b7|b6‘b51b4|b3|b2‘h1|b0
> ] COUNTER STATUS /CONTROL
REGISTER
oo ] s
2 ] TMZl ETi |TUUY|DOUT1PSI lPSZ l PS1 IPSO
1 1
0 o
y oy 3
7
1 /L
TMER [ F— <l Do—> INTERRUPT LINE
SYNCHRONIZATION
LOGIC LATCH
OSCILLATOR J
+12
CLOCK
L VA0D009
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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 (TOSC/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 (oscillator divided by 12) but ONLY
when the signal at TIMER pin is held high (giving a
pulse width measurement potential). This mode is
selected 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-

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 (OSC/12).

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.

Table 7. Timer Operating Modes

caleris decremented onrising edge. The maximum TOUT | DOUT |TimerPin|  Timer Function
input frequency that can be applied to the external 0 0 Input Event Counter
pin in this mode is 1/8 of the oscillator frequency
when the processor is running but can be higher 0 1 Input Input Gated
when the WAIT mode is entered (This is due to the 1 Output Outout "0"
need for synchronization with the core, this not 0 uipu utput "0
being necessary during WAITing). 1 1 Output Output "1"
Figure 24. Timer Working Principle
r-- - - - -~ 7-BIT PRESCALER 1
CLOCK J——-I BITO BIT1 BIT2 BIT4 BITS BIT6 I
L - — |- — | — | — | | _—_ |- _—_
0 1 2 3 4 5 6 7} Pso
8-1 MULTIPLEXER - PSt
- PS2
M — —  —_— T~ 1
| BITO H BIT1 H BIT2 H BITJH BIT4 H BIT5H BIT6 HB!T7—| |
Lo _ _ _ _ _ _ _ ZBmcouwmr - _ _ _ _ _ _J
VAQ0186
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TIMER (Continued)

Timer Interrupt

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 ST6210,15, ST6220,25 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 register
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.

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 25. Timer Status Control Register

TSCR

Timer Status ControlRegister
DAh,Read/W rie

D7|D6|D

\ ] L PSO0 = Prescaler Mux. Select

|
] , ————— PSI = Prescaler Initialize Bit
L L D4-Timers Enable Bit
- D5=Timers Enable Bit
‘ ETI = Enable Timer Interrupt
TMZ = Timer Zero Bit

5(D4|D3|D2|D1{DO
PS1 = Prescaler Mux. Select
PS2 = Prescaler Mux. Select

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

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 prescaler is set to 7Fh
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.

Table 8. Prescaler Division Factors

PS2 PS1 PSO 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
["' SGS-THOMSON 25/48
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TIMER (Continued)
Figure 26. Timer Counter Register

TCR

Tin erCounterRegister
D3Hh,Read/W rie

D

S

D3|D2|D1

-]

]i D7-DO = Counter Bits

[D7lD6 D5

Figure 27. Prescaler Register

PSC

PrescakrRegister
D2h,Read/W rie

D7|D6|D5|D4|D3|D2(D1|D0O

L D6-DO = Prescaler Bits

Always read as "0"
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DIGITAL WATCHDOG

The digital Watchdog of the ST6210, ST6215,
ST6220 and ST6225 devices consists of a down
counter that can be used to provide a controlled
recovery from a software upset.

On ST6210, ST6215, ST6220 and ST6225 the
Watchdog activation (hardware or software) is user
selectable; on masked devices the Watchdog acti-
vation can be selected as ROM option while for
EPROM/OTP versions different part numbers are
available (see ordering information at the end of the
datasheet). 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. As the Watchdog function is
always activated this down counter cannot be used
as a timer. In case of software option the Watchdog
activation can be controlled by the user software so
that the Low power mode (STOP, WAIT) may be
used.

The Watchdog uses one data space register
(DWDR location D8h). The Watchdog register is
set to FEh on reset and immediately starts to count
down, requiring no software start if the hardware
option has been selected. The Watchdog time can
be programmed using the 6 MSb|ts in the Watch-

~ ra~iotar in Aivag tha nacaol P dm A Arata

uOy lcylalcl this gi'vca e puoeiulmy i0 generaie 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
check time can be set differently for different rou-
tines within the general program. The reset is
prevented if the register is reloaded with the
desired value before bits 2-7 decrement from all
zeros to all ones. If the software option is selected
the Low power enable option (Watchdog deacti-
vated) there are 7 available counter bits for timer
functions. This is because when the cell is used as
Watchdog function, bit 1 of the register is used for
managing the watchdog.

Note: Care must be taken when using the software
Watchdog as a timer as the Watchdog bits are in
reverse order.

If the Watchdog is active (either by hardware or
software activation) the STOP instruction is deac-
tivated and a WAIT instruction is automatically
executed instead of a STOP. Bit 1 of the watchdog
register (set to one at reset) can be used to gener-
ate a software reset if cleared to zero.
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DIGITAL WATCHDOG (Continued)

If the software option is selected, after a reset, the
Watchdog/timer is in the off-state. The Watchdog
should be activated inside the Reset restart routine
by writing a "1" in Watchdog/timer register bit O (this
is automatically done in the hardware activated
option). Bit one of this register must be set to one
before programming bit zero as otherwise a Reset
will be immediately generated when bit O is set. This
allows the user to generate a reset by software (bit
0="1", bit 1="0"). Once bit 0 is set, it cannot be
cleared by software without generating a Reset.

Note

In many applications the user may need to syn-
chronize the RESET with the external circuitry and
so when the watchdog initiates the ST6210,
ST6215,E15 reset the external RESET pin will be
held low until the on-chip reset circuit ensures the
good start-up condition (see RESET description for
additional information). This time is at least 50ns.

Figure 28. Digital Watchdog Block Diagram

Figure 29. Watchdog Working Principle
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DIGITAL WATCHDOG (Continued)
Figure 30. Watchdog Register

DWDR

DiyialW atthdog Register
D8h,Read W rie)

D7|D6|D5|D4|D3|D2|D1|D0O
— C = Watchdog Activation Bit
SR = Software Reset Bit
T1-T6 = Counter Bits

C. This is the Watchdog activation bit. This bit is
hardware set to one if hardware option is selected
and the user cannot change the value of this bit (the
Watchdog is always active). When the software
option is selected, if this bit is set to one the
Watchdog function will be activated. When cleared
to zero it allows the use of the counter as a 7-bit
timer.

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, software option only) it is
the MSB of the 7-bit timer.

Ti-T6. These are the Waichdog counter bits. it
should be noted that D7 (T1) is the LSB of the
counter and D2 (T6) is the MSB of the counter,
these bits are in the opposite order to normal.

26/48 L3y, SGS-THOMSON

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-
nal noise may cause the undesired activation of the
Watchdog with a generation of an unexpected reset.
To avoid this risk, two additional instructions, that
check the state of the watchdog and eventually reset
the chip are needed within the first 27 instructions,
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

1ldi 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.

= MICROELECTRONICS
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8-BIT A/D CONVERTER

The A/D converter of ST6210, ST6215, ST6220
and ST6225 is an 8-bit analog to digital converter
with 8 (PB0-PB7 on ST6210, ST6220) or 16 (PA4-
PA7, PB0-PB7, PC4-PC7 on ST6215, ST6225)
analog inputs (as alternate functions of I/O lines)
offering 8-bit resolution with total accuracy £2 LSB
and a 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 /0 ports description for
additional information). Only One I/O line must be
configured as analog input atatime. 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.

Figure 31. A/D Converter Block Diagram

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 STAbit.

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.

AIN —=]

CONVERTER

—> INTERRUPT

<— CLOCK

l<— RESET

<— AVgs(ANALOG Vgg)
l<— AVH(ANALOG Vpp)

I CONTROL REGISTER | | RESULT REGISTER J
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\/8
CORE
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A/D CONVERTER (Continued)

To reduce the power consumption of the devices
by turning off the ADC peripheral. The PDS bit in
the ADC control register must be cleared to "0". If
PDS="1", the A/D is supplied and enabled for con-
version. This bit must be set at least one instruction
before the beginning of the conversion to allow the
stabilization of the A/D converter.This action is
needed also before entering the STOP instruction
as the A/D comparator is not automatically disabled
by the STOP mode

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

30/48
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A/D Converter Registers
Figure 32. A/D Converter Control Register

ADCR

A D ConverterContiolRegiter
01h,ReadM rie)

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

’: Not Used

PDS = Power Down Selection
STA = Start of Conversion
EOC = End Of Conversion
EAI = Enable A/D Interrupt

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. This read only bit indicates when a conversion
has been completed. This bit is automatically reset
to zero when the STAbit 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. Writing a ’1’ in this bit will start a conversion
on the selected channel and automatically 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
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A/D CONVERTER (Continued)
Figure 33. A/D Converter Data Register

A Converter Data Regster
D0Oh,Read Only)

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

b D7-DO0 = 8 Bit A/D Resuit

D7-DO0. These are the conversion result bits; the
register is read only and stores the result of the last
conversion. The contents of this register are valid
only when EOC bit in the ADCR register is set to
one (end-of-conversion).

Notes

The ST62 A/D converter does not feature a sample
and hold. The analog voltage to be measured
should therefore be stable during the conversion
time. Variation should not exceed +1/2 LSB for the
best accuracy in measurement.

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.

A low pass filter can be used at the analog input
pins to reduce input voltage variation during the
conversion. For true 8 bit conversions the imped-
ance of the analog voltage sources should be less
than 30kQ while the impedance of the reference
voltage should not exceed 2kQ.

The accuracy of the conversion depends on the
quality of the power supply voltages (Vpp 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).

[7'; SGS-THOMSON

It must be observed that the more accurate meas-
urements are obtained on the pins PC4-PC7, but
in all cases, no pin must be switched during the
conversion to avoid any noise disturbance.

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

So if operating with a supply voltage of 5V the
resolution is about 20mV. 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 (Vop) of the microcon-
troller becomes lower. For instance, if Vop = 3V, a
15mV resolution can be guaranteed.

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
output the switching of the outputs. Nevertheless,
it must be take care of executing the WAIT instruc-
tion 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 mi-
nimized at the beginning of the conversion because
the latter is less sensitive than the end of the
conversion when the less significant bits are deter-
mined). 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 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.
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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-
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.
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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 a forward (whenitis 0) orbackward (when
itis 1) branch and the four less significant bits that
give the span of the branch (0Oh 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 foliows
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.

MICROBLECTRONICS
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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
presented in individual tables.

Table 9. 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 *
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 *
LDIA, #N Immediate 4 A *
LDl rr, #N Immediate 3 4 * *

Notes:

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

# . Immediate data (stored in ROM memory)

rr.  Data space register

A . Affected

* . Not Affected
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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 10. 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 Z Flags c
ADD A, (X) Indirect 1 4 A A
ADD A, (Y) Indirect 1 4 A A
ADD A T 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,rr 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 r 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 *
INC V Short Direct 1 4 A *
INC W 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
# . Immediate data (stored in ROM memory)
rr.  Data space register

A. Affected
*. Not Affected
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SOFTWARE DESCRIPTION (Continued)

Conditional Branch. The branch instructions
achieve a branch in the program when the selected
condition is met. See Table 11.

Bit Manipulation Instructions. These instruc-
tions can handle any bit in data space memory. One
group either sets or clears. The other group (see
Conditional Branch) performs the bit test branch
operations. See Table 12.

Table 11. Conditional Branch Instructions

Control Instructions. The control instructions
control the MCU operations during program execu-
tion. See Table 13.

Jump and Call. These two instructions are used to

perform long (12-bit) jumps or subroutines call
inside the whole program space. Refer to Table 14.

Instruction Branch If Bytes Cycles 7 Flags c
JRC e C=1 1 2 * *
JRNC e C=0 1 2 * *
JRZ e Z=1 1 2 * *
JRNZ e Z=0 1 2 * *
JRR Db, I1, ee Bit=0 3 5 * A
JRS b, rr, 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 12. Bit Manipulation Instructions
Instruction Addressing Mode Bytes Cycles 7 Flags c
SET b,rr B