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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 WRITIEN APPROVAL OF SGS-THOMSON M1croelectromcs. 
As used here1n : 

1. Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) sup
port or sustain life, and whose failure to perform, when 
properly used in accordance w1th instructiOns for use 
provided With the product, can be reasonably expected 
to result in significant inJury to the user. 

II 

2. A critical component is any component of a life support 
device or system whose failure to perform can reason
ably be expected to cause the failure of the life support 
device or system, or to affect 1ts safety or effE'C'tl'!rness. 
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ST621 O,E1 O-ST6215,E15 
ST6220, E20-ST6225, E25 

8 BIT HCMOS MCUs WITH A/D CONVERTER 

a 8 bit Architecture 
a Static HCMOS Operation 
a 3.0 to 6.0V Supply Operating Range 
a 8 MHz Clock 
a Run, Wait & Stop Modes 
a 5 different interrupt vectors 
a Look-up table capability in ROM 
a User ROM: 1828 bytes (ST6210,15) 
a User ROM: 3876 bytes (ST6220,25) 
a Reserved ROM: 220 bytes 
a Data ROM: User selectable size 

(in program ROM) 
a Data RAM: 64 bytes 
a PDIP20, PS020 (ST6210,20) packages 
a PDIP28, PS028 (ST6215,25) packages 
a 12/20 fully software programmable 1/0 as: 

- Input with pull-up res1stor 
- Input without Pull-up resistor 
- Input with interrupt generation 
- Open-drain or push-pull outputs 
-Analog Inputs 

a 4 1/0 lines can sink up to 1 OmA for direct led 
driving 

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

a Digital Watchdog/Timer 
a 8 bit AID Converter with up to 8 (ST621 0, 
~T6220) and up to 16 (ST6215, ST6225) analog 
mputs 

a One external not maskable interrupt 
a On-chip clock oscillator 
a Power-on Reset 
a Byte efficient instruction set 
a Bit test and jump instructions 
a Wait, Stop and Bit Manipulation instructions 
a True LIFO 6 level stack 
a 9 powerful addressing modes 
a The accumulator, the X, Y, V & W registers, the 

port and P,eripherals data/control r~gisters are 
addressee in the Data Space as RAII/I Iocations 

a The development tool of the ST621 X, ST622X 
microcontrollers consists of the ST621 X-EMU 
emulation and development system connected 
via a standard RS232 serial line to an MS-DOS 
Personal Computer 
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PDIP20 PDIP28 

9 
1 

PS020 PS028 

(Ordering Information at the end of the datasheet) 

EPROM PACKAGES 

FDIP20W FDIP28W 

~ 
1 

CS020W CS028W 

ST62E1 0, E15, E20 and E25 are the EPROM versions 

ST62T1 0, T15, T20 and T25 are the OTP versions 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

Figure 1. ST6210,62E10, ST6220,62E20 Pin 
Configuration 
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Figure 3. ST621 0, 15,20,25 Block Diagram 
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Figure 2. ST6215,62E15, ST6225,62E25 Pin 
Configuration 
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GENERAL DESCRIPTION 

The ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 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 ST621 0, E1 o, ST6215,E15, 
ST6220,E20 and ST6225,E25 are: the Timer pe
ripheral that includes an 8-bit counter with a 7-bit 
software programmable pre scaler (Timer), the 8-bit 
AID Converter with up to 8 (ST6210,E1 0, 
ST6220,E20) and up to 16 (ST6215,E15, 
ST6225,E25) analog inputs (AID inputs are alter
nate functions of 1/0 pins), the digital Watch
dog/Timer (DWD). Thanks to these peripherals 
these devices are well suited for automotive, ap
pliance and industrial applications. The ST62E1 0, 
ST62E15, ST62E20 and ST62E25 EPROM ver
sions are available for prototypes and low-volume 
production; also OTP versions are available (see 
ordering information at the end of the datasheet for 
additional information). The only difference be
tween ST621 0,15 and ST6220,25 is the program 
memory size that is 2K bytes for the ST621 0,15 and 
4K by1es for the ST6220,25. 

PIN DESCRIPTION 

Voo and Vss. Power is supplied to the MCU using 
these two pins. Voo 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. Refer to ON-CHIP CLOCK OSCILLA
TOR description for additional information. 

RESET. The active low RESET pin is used to 
restart the microcontroller to the beginning of its 
program. Refer to RESET and WATCHDOG de
scription for additional information. 

ST621 O,E1 0-15,E15-20,E20-25,E25 

TEST/Vpp. The TEST pin is used to place the 
MCU into special operating mode. If TEST is held 
at Vss the MCU enters the normal operating mode. 
If TEST is held at Voo the test operating mode is 
automatically selected (the user should connect 
this pin to Vss for normal operation). If this pin is 
connected to a+ 12.5V level during the reset phase 
the EPROM programming mode is entered 
(EPROM/OTP versions only).Refer to TEST mode 
description for additional information. 

NMI.The NMI pin provides the capability for asyn
chronous applying an external not maskable inter
rupt to the MCU. The NMI is falling edge sensitive. 
On ST621 0,15 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. 
Refer to INTERRUPT description for additional 
information. 

TIMER. This is the timer 1/0 pin. In input mode it 
is connected to the pre scaler 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 ST621 0,15 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. Refer to 
TIMER description for additional information. 

PAO-PA3,PA4-PA7(*). These 8 lines are or
ganized as one 1/0 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. PAO-PA3 can also sink 1 OmA for 
direct led driving while PA4-PA7 can be pro
grammed as analog inputs for the ND converter. 
(*) PA4-PA7 are not available on ST621 O,E1 0, 
ST6220,E20. 

PBO-PB7. These 8 lines are organized as one 1/0 
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 ND converter. 
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ST621 0, E1 0-15, E15-20, E20-25,E25 

PIN DESCRIPTION (Continued) 

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 AID converter.(*) PC4-
PC7 are not available on ST621 O,E1 0, 
ST6220,E20. 

DEVICE ROM EPROM 1/0 Pins (Bytes) (Bytes) 

ST6210 2K 12 

ST6215 2K 20 

ST6220 4K 12 

ST6225 4K 20 

ST62E10 2K 12 

ST62E15 2K 20 

ST62E20 4K 12 

ST62E25 4K 20 

ST62E10,E15 and ST62E20,E25 EPROM VER
SIONS DESCRIPTION 

The ST62E1 O,E15 and ST62E20,E25 are the 
EPROM versions of the ST621 0,15 and 
ST6220,25 products. These products are used dur
ing the development of the application, the pre-pro
duction or the production of small volume. OTP 
versions with the same characteristics are also 
available. They Include an EPROM memory in
stead of the ROM memory of the ST621 0,15 and 
ST6220,25 products, and so the program and the 
constants of the program can be easily modified by 
the user thanks to the EPROM version pro
grammer. 

From a user's point of view, the ST62E10,E15 and 
ST62E20,E25 products have exactly the same 
software and hardware features than those of the 
ROM versions, except the fact that the EPROM 
version has a special mode defined during the 
Reset sequence (see PIN DESCRIPTION(. This 
mode is used to configure the product 1n the 
EPROM/OTP programmer mode in which a 12.5V 
voltage has to be applied on the TEST pin in order 
to program the EPROM memory. The programmer 
of the ST62E10,E15 and ST62E20,E25 products 
is also described in the User' manual of the EPROM 
programmer. In addition on EPROM/OTP versions 
at TIMER and NMI pins is not available the on-chip 
pull-up resistor that can be selected by the user 
(see option list at the end of the datasheet) to be 
connected or not in masked devices as ROM op
tion. On masked devices the watchdog activation 
is also selected as ROM option while for 
EPROM/OTP versions four different part numbers 
are available (see ordering information at the end 
of the datasheet). 

_41_4_5 _____________ §fi ~~~Qi!!12&'l~~©~ --------------
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ST62XXCORE Figure 5. ST62XX Core Programming Model 

The Core of the ST62XX Family is implemented 
independently from the 1/0 or memory configura
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 
as shown in Figure 4; the controller being externally 
linked to both the reset and the oscillator, while the 
core is linked to the dedicated on-chip macrocells 
peripherals via the serial data bus and indirectly for 
interrupt purposes through the control registers. 
The user could also appreciate the performances 
of ST62XX Core by referring to Registers and 
SOFTWARE descriptions. 

Registers 

rtm::x { '<EG'STE'<S 

I ,, 

I b7 X REG POI'ITER 

I b7 Y REG POI'HER 

W REGISTER 

lb7 ACCU'~ULA TOR 

PROGRAM COUNTER 

SIX LEVELS 

The ST62XX Family Core has six registers and 
three pairs of flags available to the programmer. 
They are shown in Figure 5 and are explained in 
the following paragraphs. 

NMI FLAGS 

Figure 4. ST62XX Core Block Diagram 

,---------l 
I 

0 TO 8MHz 
RESET CONTROLLER 

I INTERRUPTS 
I 

00 I 
bO I SHORT DIRECT 

ADORESS!NG 

MODES 

bO I 
bO I 

I YaNT~ I DATA SPACE 

I OPCODE 
FLAG 
VALUES SIGNALS AroDRESS/READ LINE 2 DATA 

I I RAM/EEPROM 

PROGRAM I I R.OM/EPR~M 
I .JADDRESS ~ DATA 

I B-OAT~ 
I DECODER 256 ROM/EPROM 

A-DATA 

I I DEDICATIONS 1-[--

rr- 12 
I I PC & ;I I~"'~ 

I ACCUMULATOR 

6 LAYERS 

I I STACK 
ALU I 

I i I RESULTS TO DATA SPACE 

L - - - - - - - - - _j (WRITE LINE) 

VA00185 
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ST62XX CORE (Continued) 

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 the FFH address. Ac
cordingly, the ST62XX instruction set can use the 
accumulator as any other register of the data 
space. 

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 
the 80H (X) and 81 H (Y) addresses. 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 the 82H (V) and 
83H (W) addresses. 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 increment, after it is read for the address 
of the current instruction, by sending it through the 
one bit ALU, so giving the address of the next byte 
in the program. 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 

-CALL instruction 

- Relative Branch 
instructions 

-Interrupt 

-Reset 

. PC= Ju!"Tlp address 

. PC= Call address 

. PC= PC ± offset 

. PC= Interrupt vector 

. PC= Reset vector 

-Test mode . . . . . . . . PC= Test mode 
vector (1) 

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

- Normal instruction . . . . PC= PC + 1 

Note: 1. Not available for the user. 

Flags (C, Z) 

The ST62XX Core includes three pairs of flags that 
correspond to3 different modes: normal mode, in
terrupt mode and Non-Maskable-lnterrupt·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 (CI, Zl) and one is used during the not-mask
able interrupt mode (CNMI, ZNMI). 

The ST62XX Core uses the pair of flags that corre
sponds to the actual mode: as soon as an interrupt 
(resp. a Non-Maskable-lnterrupt) 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. Should be observed 
that each flag set can only be addressed in its own 
routine (Not-maskable interrupt, normal interrupt or 
main routine). The interrupt flags are not cleared 
during the context switching and so, they 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 these three sets is automat
ically performed when an NMI, an interrupt or a 
RETI instructions occur. As the NMI mode is auto
matically selected after the reset of the MCU, the 
ST62XX Core uses at first the NMI flags. Refer to 
INTERRUPT DESCRIPTION for additional infor
mation. 

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). 

6/45 
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ST62XX CORE (Continued) 

Figure 6. Stack Operation 
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When 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 this 
registers shall be performed inside the subroutine. 
The stack pointer will remain in its deepest position, 
if more than 6 calls or interrupts are executed, 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 7. Data ROM Window Register 

ROW 
Data Window register 

(C9H, Write Only) 

The RDW register can be addressed like a RAM 
location in the Data Space at the C9H address, 
nevertheless it is write-only register that can not be 
accessed with single-bit operations. This register is 
used to move up and down the 64-byte read-only 
data window (from the 40H address to 7FH address 
of the Data Space) along the ROM memory of the 
MCU by step of 64 bytes. 
The effective address of the byte to be read as a 
data in the ROM memory is obtained by the con
catenation of the 6 less significant bits of the ad
dress given in the instruction (as less significant 
bits) and the content of the ROW register (as most 
significant bits). Refer to the Data Space descrip
tion for additional information. 

ST621 O,E1 0-15,E15-20,E20-25,E25 

MEMORY SPACES 
The MCUs operate in three different memory 
spaces: Program Space, Data Space, and Stack 
Space; they are described in Figure 8, Figure 9, 
Figure 10 and Figure 11. 

Figure 8. ST6210,62E10, ST6215,62E15 
Program Space 
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On EPROM versions there are no re
served areas. These reserved bytes 
are present on ROM/OTP versions. 

7/45 ----------------------------~ ~~~@~g~e,~~~ ----------------------------
7 



ST621 O,E1 0-15,E15-20,E20-25,E25 

MEMORY SPACES (Continued) 

Figure 9. ST6210,62E10, ST6215,62E15 
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Figure 10. ST6220,62E20, ST6225,62E25 
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MEMORY SPACES (Continued) 

Figure 11. ST6220,62E20, ST6225,62E25 
Program Space 
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On EPROM versions there are no re
served areas. These reserved bytes 
are present on ROM/OTP versions. 

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 thanks to the 12-bit Program Counter reg-

ST621 O,E1 0-15,E15-20,E20-25,E25 

ister (PC register) and so, the ST62XX Core can 
directly address up to 4K bytes of Program Space. 
Nevertheless, the Program Space can be extended 
by the addition of 2-Kbyte ROM banks. 

The ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 products include 2048,4096 bytes of 
ROM available for the user and this space can be 
directly addressed by the program counter and for 
this reason the Program Bank Switch (PBS) regis
ter has not been implemented on these devices. 
Nevertheless, the data ROM window register 
(ROW) has been implemented and all the locations 
of the ROM memory can be addressed by the user 
as read-only data in the data space. 

Data Space 

The instruction set of the ST62XX Core operates 
on a specific space, named Data Space that con
tains all the data necessary for the processing of 
the program. The Data Space allows the address
ing of RAM memory, ST62XX Core/peripheral reg
isters, and read-only data such as constants and 
the look-up tables. 

All the read-only data are 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 12). 

This window is located from the 40H address to the 
?FH address in the Data space and allows the 
direct reading of the bytes from the OOOH address 
to the 03FH address 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 (ROW register). 
The effective address of the byte to be read as a 
data in the ROM memory is obtained by the con
catenation of the 6 less significant bits of the ad
dress in the Data Space (as less significant bits) 
and the content of the ROW register (as most 
significant bits). For instance, if the user wants to 
read the ROM location at the A 19H address, the 
ROW register has to be loaded with 28H and the 
address to be pointed to in the Data Space has to 
be 59H. 

9/45 ----------------------------~ ~i~@~g~:~~~~ ----------------------------
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MEMORY SPACES (Continued) 

Figure 12. ST62XX Memory Addressing Description Diagram 
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The RAM memory can be also extended by the 
addition of 64 bytes RAM banks addressed as 
being located between the DOH and 7FH ad
dresses. 

In the ST6210,E10, ST6215,E15, ST6220,E20and 
ST6225,E25 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 con
trol registers, the interrupt option register and the 
Data ROM Window register (RDW register). 

As the data space is less than 256 bytes the 
ST62XX Core can directly address this area and 
the Data Bank Switch register (DBS) 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. 

TEST MODE 
The test mode can be entered by connecting the 
TEST pin to an high logic level when reset is active; 
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PROGRAM ROM 
BANK SELECT 

FFFH ACCUMULATOR 
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this action enables the factory test mode. The user 
is recommended to avoid this situation for normal 
operation. 

INTERRUPT 
The ST62XX Core can manage 4 different mask
able interrupt sources, plus one non-maskable in
terrupt source (top priority level interrupt). Each 
source is associated with a particular interrupt vec
tor that contains a Jump instruction to the related 
interrupt service routine. Each vector is located in 
the Program 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. TheST621 O,E1 0, ST6215,E15, ST6220,E20 
and ST6225,E25 microcontrollers have six differ
ent interrupt sources associated to different inter
rupt vectors as it is described in Table 1. 
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INTERRUPT( Continued) 

Table 1. Interrupt Vector/Source Relationship 

Interrupt Source Associated Vector Vector Address 

NMI pin Interrupt vector #0 (FFCH, FFDH) (NMI) 

Port A pins Interrupt vector #1 (FF6H, FF?H) 

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, FF1 H) 

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 start address should be located in the 
static page) : 
- The interrupt vector associated with the non

maskable interrupt source is named interrupt 
vector #0. It is located at the (FFCH,FFDH) ad
dresses in the Program Space. On ST621 O,E1 0, 
ST6215, E15, ST6220, E20 and ST6225,E25 this 
vector is associated with the external falling edge 
sensitive interrupt pin. 

- The interrupt vector located at the (FF6H, FF?H) 
addresses is named interrupt vector #1. It is 
associated with Port A pins that can be pro
grammed by software either in the falling edge 
detection mode or in the low level sensitive de
tection mode according to the code loaded in the 
Interrupt Option Register (lOR). 

- The interrupt vector located at the (FF4H, FF5H) 
addresses is named interrupt vector #2. It is 
associated with Port B and C pins that 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 (lOR). 

- The two interrupt vectors located respectively at 
the (FF3H, FF2H) addresses and the (FF1 H, 
FFOH) addresses are respectively named inter
rupt vector #3 and #4. Vector #3 is associated to 
the TIMER peripheral while vector #4 to the AID 
converter peripheral. All the on-chip peripherals 
(refers to TIMER & AID descriptions for further 
details) have an interrupt request flag bit (TMZ 
for timer, EOC for AID), this bit is set to one when 
the device wants to generate an interrupt request 
and a mask bit (ETI for timer, EAI for AID) that 
must be set to one to allow the transfer of the flag 
bit to the Core. 

ST621 O,E1 0-15,E15-20,E20-25,E25 

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 hardware 
fixed. 

Figure 13. Interrupt Option Register 

lOR 
Interrupt Option Register 

(CBH, Read/Write) 
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The Interrupt Option Register (lOR register, loca
tion CBH) 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 CSH address, nevertheless it is write-only reg
ister that can not be accessed with single-bit oper
ations. The operating modes of the external 
interrupt inputs associated to interrupt vectors #1 
and #2 are selected through bits 4 and 5 of the lOR 
register. Table 2 summarizes the use of the lOR 
register: 

Table 2. Interrupt Option Register Description 

SET Enable all the interrupts of the 
product 

IOR4 
CLEARED Disable all the interrupts of the 

product 

SET Rising edge mode on interrupt input 

IOR5 
(#2) 

CLEARED Falling edge mode on interrupt input 
(#2) 

SET Level-sens1t1ve mode on interrupt 
input (#1) 

IOR6 
CLEARED Falling edge mode on interrupt input 

(#1) 

External Interrupts Operating Modes 

The NMI interrupt is associated to the external 
interrupt pin of the ST6210,E10, ST6215,E15, 
ST6202,E20 and ST6225,E25 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 

11/45 
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INTERRUPT (Continued) 

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 a the first one, will be processed as soon 
as the first one has been finished (if there is not a 

' more priority interrupt request). If more then 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 ST621 0,15 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 ST62E10,E15, ST62E20,E25 this 
pull-up is not available and should be provided 
externally. 

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 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. 
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INTERRUPT (Continued) 

Figure 15. Interrupt Circuit Diagram 
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After the RETI instruction execution, the Core car
ries out the previous actions and the main routine 
can continue. 

Interrupt Request and Mask Bits 

Interrupt Option Register, lOR Location OCBH 

- IOR4. If this bit is set all the ST621 O,E1 0, 
ST6215,E15, ST6220,E20 and ST6225,E25 in
terrupts are enabled, if reset all the interrupt are 
disabled (including the NMI). 

- IOR5. If this bit is set all the inputs lines associ
ated to interrupt vector #2 are rising edge sensi
tive, if reset they are falling edge sensitive. 

- IOR6. If this bit is set all the inputs lines associ
ated to interrupt vector #1 are low level sensitive, 
if reset they are falling edge sensitive. 

All other bits into this register are not used. 
Timer Peripheral, TSCR register location D4H 

ST621 O,E1 0-15,E15-20,E20-25,E25 

INT 11 (FF6,7) 

INT fJ2 (FF4,5} 

INT #3 (FF2,3) 

INT #4 (FF0,1} 

REG CSH, bot 4 

RESTART FROM 
STOP/WAIT 
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- TMZ bit. Low-to-high transition indicates that the 
timer count register has decrement to zero. This 
means that an interrupt request can be gener
ated in relation to the state of ETI bit. 

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

AID Converter Peripheral, ADCR register location 
D1H 
- EOC bit. This read only bit indicates when a 

conversion has been completed 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 AID 
converter interrupt request. 

RESET 
The ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 MCUs can be reset in three ways: by 
the external reset input (RESET) tied low, by 
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RESET( Continued) 

power-on reset and by the digital watchdog/timer 
peripheral (see DIGITAL WATCHDOG/TIMER de
scrip- tion). 

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 occurs 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 have 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 pin will be accepted. This feature is valid 
providing that Voo have finished its rising phase 
and oscillator is correctly running (normal RUN or 
WAIT modes). 
If the Reset activation occurs in the RUN or Wait 
mode, the MCU is configured in the Reset mode 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 state. As soon as the level on the Reset 
pin becomes high, the initialization sequence is 
executed. Refer to the MCU initialization sequence 
for additional information. 
If a Reset pin activation occurs in the STOP mode, 
all the inputs/outputs are configured in the High-im
pedance state and the oscillator starts as long as the 

Figure 16. Reset Circuit 
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level on the RESET pin remains low. When the level 
of the RESET pin becomes high, a delay is gener
ated by the ST62XX Core to wait that the oscillator 
becomes completely stabilized. 
Then, the initialization sequence is started. Refer 
to the MCU initialization sequence below for addi
tional information. 

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 state) and no 
instruction is executed. When the power supply 
voltage becomes sufficient, the oscillator starts to 
operate, nevertheless the ST62XX Core generates 
a delay to allow the oscillator to be completely 
stabilized before the execution of the first instruc
tion. Then, 
The initialization sequence is executed. Refer to 
the MCU initialization sequence for additional infor
mation. As long as the reset pin is kept at low level 
(refer to Electric Characteristics description) the 
processor remains in reset state. The reset will be 
released after the voltage at the reset pin reaches 
the related high level. 
To have correct MCU start-up the user should take 
care that the reset input does not change to the 
high level before the Voo level is sufficient to allow 
MCU operation at the chosen frequency (see Rec
ommended Operating Conditions paragraph). 

STG 

INTERNAL 

RESET 

COUNTER 

RESET 
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RESET (Continued) 

Watchdog Reset 
The ST621 O,E1 0, ST6215,E15, ST6220,E20 and 
ST6225,E25 provides an on-chip watchdog/timer 
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, an internal circuit pulls down the reset pin. 
The MCU will enter the reset state as soon as the 
voltage 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. 

Application Notes 
An external resistor between Voo 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. 

Figure 17. Reset & Interrupt Processing Flow 
Chart 
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Figure 18. Restart Initialization Program Flow 
Ghart 
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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 
Voo voltage. The typical detected threshold is about 
2 volts, but the actual value of the detected thre
shold depends on the way in which the Voo voltage 
rises up. The POR device DOES NOT allow the 
supervision of a static rising or falling edge of the 
Voo voltage. 

MCU Initialization Sequence 

When a reset occurs the stack is reset to program 
counter, the PC is loaded with the address of the 
reset vector (located in the program ROM at ad
dresses 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 during 
the restart phase. Therefore the restart routine 
should be terminated by a RET I instruction to switch 
to normal mode and enable interrupts. If no pending 
interrupt is present at the end of the reset routine 
the device will continue with the instruction after the 
RETI; otherwise the pending interrupt will be ser
viced 

WAIT & STOP MODES 
The STOP and WAIT modes have been im
plemented in the ST62XX Core in order to reduce 
the consumption of the product when the latter has 
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WAIT & STOP MODES (Continued) 

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 it is in idle, while not 
loosing count of time or monitoring of external 
events. The oscillator is not stopped in order to 
provide 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 
allows the WAIT mode to be left when timer inter
rupt occurs. The above explanation related to the 
timers applies also to the AID converter. 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 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 de
scribed 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. 

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 the occurrence of an external interrupt re
quest 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. It must be noted 
that the restart sequence depends on the original 
state of the MCU (normal, interrupt or non-mask
able 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 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 instruc
tion that follows the Stop or the Wait instruction is 
executed and the ST62XX Core is still in the non
maskable interrupt mode even if an other 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 
routing pending interrupts will be serviced in ac
cordance 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 instruc
tion that follows the STOP or the WAIT and the 
ST6 Core is still in the normal interrupt mode. 

Note 

To reach the lowest power consumption the user 
software must put the AID converter in its power 
down mode by clearing the PDS bit in the AID 
control register before entering the STOP instruc-· 
tion. 
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WAIT & STOP MODES (Continued) 

If all the interrupt sources are disabled, 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. 

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 19, crystal specifica
tions and suggested PC board layouts are given in 
Figure 20 and Figure 21. 

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 1.6251.ls. 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 

Figure 19. Clock Generator Connections 
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Figure 20. Crystal Parameters 
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Figure 21. PC Board Layout Examples 
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ON-CHIP CLOCK OSCILLATOR (Continued) 

crystal or ceramic leads and circuit connections 
must be as short as possible. Typical values for 
CL 1, CL2 are 15-22pF for a 4/BMHz 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 NO 
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. 

Table 3. Instruction Timing with 8MHz Clock 

Instruction Type Cycles 

Branch if bit seVreset 5 Cycles 

Branch & subroutine branch 4 Cycles 

B1t Manipulation 4 Cycles 
Load instructions 4 Cycles 

Arithmetic & Logic 4 Cycles 

Conditional branch 2 Cycles 

Program control 2 Cycles 

Figure 22. 1/0 Port Block Diagram 
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INPUT/OUTPUT PORTS 

The ST6210,E10, ST6220,E20 and ST6215,E15, 
ST6225,E25 microcontrollers have respectively 
12 and 20 Input/Output lines that can be individ
ually 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 

- Open drain NMOS output 

The input mode allows to configure the lines in the 
high impedance state. The lines are organized in 
three ports (port A,B,C). 

The ports occupies 9 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 PAD line of Port A). 

There being three DATA registers (ORA, ORB, 
DRC), that 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 configured in the output mode. The port 

I~PUT/OUTPUT 
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INPUT/OUTPUT PORTS (Continued) 

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 1/0 registers are possible 
but care is necessary because reading in input 
mode is done from 1/0 pins while writing will directly 
affect the Port data register causing an undesired 
changes of the input configuration. 

The three Data Direction registers (DORA, DDRB, 
DDRB) allow the selection of the 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 1/0 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 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. 

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 to the relevant bit in the 
data (DR), data direction register (DDR) and option 
registers (OR). Table 4 shows all the port configu
rations that can be selected by the user software. 

Table 4. 1/0 Port Options Selection 

DDR OR DR MODE OPTION 

ST621 O,E1 0-15,E15-20,E20-25,E25 

Figure 23. 1/0 Port Data Registers 

DRPA, DRPB, DRPC 
Port A, B, C Data Register 

(COH PA, C1 H PB, C2H PC Read/Write) 

Notes: 

1----- PA7-PAO =Data B1ts 

!----- PB?-PBO =Data Bits 

L----- PC7-PCO = Data B1ts 

1. For complete codmg explanation refer to Table 4 
2 PA4-PA7 and PC4-PC7 are not available on ST6210,E10, 

ST62201E20 
3. PCO-PC3 are not available as pms 

Figure 24. 1/0 Port Data Direction Registers 

DDRPA,DDPB,DDRPC 
Port A, 8, C Data Direction Registers 

(C4H PA, CSH PB, C6H PC Read/Write) 

lwloolooiNiool~lrnlool 

Notes: 

!----- PA 7-PAO = Data D1rect1on B1ts 

1----- PB7-PBO =Data D<reclion B1ts 

c__ ____ PC?-PCO =Data D<retclion B<ts 
"0" Def1nes 81t as Input 
"1" Oefmes Bit as Output 

1. For complete coding explanation refer to Table 4 
2. PA4-PA7 and PC4-PC7 are not available on ST6210,E10, 

ST6220,E20. They should be programmed in output mode. 
3 PCO-PC3 are not available as pins They should be programmed 

m output mode 

0 0 0 Input With pull-up, no interrupt 

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 (for the PAO-PA3 pins). 

Input Analog input (for the PA4-PA7, PBO-PB7, PC4-PC7 pin) 

1 0 X 
Output 1 OmA sink Open-drain output (for the PAO-PA3 pins) 

Output 5mA sink Open-drain output (for the PA4-PA7, PBO-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,E10, ST6220,E20. 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

INPUT/OUTPUT PORTS (Continued) 

Figure 25. 1/0 Port Data Option Registers 

ORPA, ORPB, ORPC 
Port A, B, C Option Registers 

(CCH PA, CDH PB, CEH PC Read/Write) 

Notes: 

f----- PA7-PAO ~ Optron Brts 

f----- PB7-PBO ~ Optron Brts 

'----- PC7-PCO ~ Optron Bits 

1 For complete codtng explanation refer to Table 4 
2 PA4-PA7 and PC4-PC7 are not avatlable on ST62tO,E10, 

ST6220,E20. 
3 PCO-PC3 are not available as ptns 

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 (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 tab'le 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 thanks 
to the lOR register (refer to INTERRUPT PRO
CESSING chapter for additional information). 

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 4). 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. 

Note 

Single bit SET and RES instructions should be 
used very carefully with Port A, B and C data 
registers becaues these instructions do an implicite 
read and write back of the whole addressed regis
ter byte. In port input mode however data register 

address reads from input pins, not from data regis
ter 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 ORA, a 
The WAIT and STOP instructions allow the 
ST621 O,E1 0, ST6215,E15, ST6220,E20 and 
ST6225,E25 to be used in situations where low 
power consumption is needed. This can only be 
achieved however if the 1/0 pins either are pro
grammed as inputs with well defined logic levels or 
have no power consuming resistive loads in output 
mode. The unavailable 1/0 lines on ST6210,E10 
and ST6220,E20 should be programmed in output 
mode. 

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

TIMER 
The ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 offer one on-chip Timer peripheral 
consisting of an 8-bit counter with a 7-bit pro
grammable prescaler, thus giving a maximum 
count of 215, and a control logic that allows configu
ring the peripheral in three operating modes. Figure 
28 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 ad
dressed in the data space as RAM location at the 
D3H address. The state of the 7-bit prescaler can 
be read in the PSC register at the D2H address. 
The control logic device can be managed thanks to 
the TSCR register (D4H address) as it is 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 interrupt of the timer can be used 
to exit the MCU from the WAIT mode. 

20/45 
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TIMER (Continued) 

Figure 26. Timer Peripheral Block Diagram 

DATA BUS 8 

8 8 ~~ 
6 

~ -1 8-BIT ~ b7 I b6 I b5 I " I bJ I b2 I b1 I bO 
5 COUNTER 
4 ~ 

STATUS/CONTROL 

SELECT PSG 3 1 OF 8 
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The prescaler decrements on rising edge. The 
prescaler input can be the oscillator frequency 
divided by 12 or an external clock at TIMER pin. 
Depending on the division factor programmed by 
PS2/PS1/PSO (see table 6) bits-in the TSCR, 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 
prescaler clock input. On factor 4, bit 1 of PSG is 
connected to clock input of TCR, and so on. On 
division factor 128, the MSB bit 6 of PSG is con
nected to clock input of TCR. The prescaler in
itialize bit (PSI) 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 the D2H 
address, if bit PSI in the TSCR register is set to one. 
The tap of the prescaler is selected using the 

REGISTER 

TMZ J ETI lmur]oourj PSI J Ps2J PS1 J Pso 

3 ll I 

I INTERRUPT LINE 

LATCH r-
VA00009 

PS2/PS1/PSO bits in the control register. Figure 27 
shows the timer working principle. 

Timer Operating Modes 

There are three operating modes of the Timer 
peripheral. The choice of the modes can be done 
thanks to 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 se
lected by having 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 prescaler 
is decrement by rising edge events arriving there. 
The maximum input frequency that can be applied 
to the external pin in this mode is 1/4 of the oscillator 
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TIMER (Continued) 

Figure 27. Timer Working Principle 

7-BIT PRESCALER 

CLOCK 

PS1 

~ ............................................................................................ ~ PS2 

8-81 T COUNTER 

frequency when the processor is running but can 
be higher when the WAIT mode is entered (This is 
due to the need for synchronization with the Core, 
this not being necessary during WAITing). 

Output Mode (TOUT = 1, DOUT = data out). The 
timer pin (TIMER) 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/PSO 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 provides it for 
TIMER pin. This operating mode allows an external 
signal generation on the TIMER pin. 

The Table 5 summarizes the TIMER operating 
modes. 

Table 5. Timer Operating Modes 

TOUT DOUT Timer Pin Timer Function 

0 0 Input Event Counter 

0 1 Input Input Gated 

1 0 Output Output 

1 1 Output Output 

VA00186 

Timer Interrupt 

When the counter register decrements to zero and 
the software controlled ETI (enable timer interrupt) 
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. 

Note 

On ST621 0, 15, 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 ST62E10,E15 and ST62E20,E25 
this pull-up is not available and should be provided 
externally. 

TMZ is set when the counter reaches OOH ; how
ever, it may be set by writing OOH in the TCR 
register or setting the 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 rou
tine. 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=O) and timer interrupt dis
abled. 

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

22/45 
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TIMER (Continued) 

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

Timer Registers 

Figure 28. Timer Status Control Register 

TSCR 
Timer Status Control Register 

(D4H Read/Write) 

I 071 osl osl 041 o3l 021 01 I oo I 

PSO = Prescaler Mux Select 

PS 1 = Presca!er Mux Select 

PS2 = Prescaler Mux Select 

PSI= Prescaler ln1t1allze Bit 

'------ DOUT =Data Output 

'-------- TOUT= Timer Output Control 

'--------- ETI= Enable Timer Interrupt 

'---------- TMZ=T1mer Zero B1t 

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

ETI. This bit, when set, enables the timer interrupt 
(vector #3) request. If ETI=O 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 se
lected. 

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 while PSI = 0 the prescaler is set to 7FH 
and the counter is inhibited. When PSI = 1 the 

ST621 O,E1 0-15,E15·20,E20·25,E25 

prescaler is enabled to count downwards. As long 
as PSI=O both counter and prescaler are not run
ning. 

PSn. These bits select the division ratio of the 
prescaler register. (see Table 6) 

Table 6. Prescaler Division Factors 

PS2 PS1 PSO Divided by 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Figure 29. Timer Counter Register 

TCR 
Timer Counter Register 
(D3H Timer Read/Write) 

1 

2 

4 

8 

16 

32 

64 

128 

'------- 07·00= Counter B1ts 

Figure 30. Prescaler Register 

PSC 
Prescaler Register 
(D2H Read/Write) 

INiool~i~lool~lrnlool 

I '------- D6·DO=Prescaler Brts 

'----------- Always Read as "0" 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

DIGITAL WATCHDOG/TIMER 

The digital watchdog/timer of the ST621 O,E1 0, 
ST6215,E15, ST6220,E20 and ST6225,E25 de
vices consists of a down counter that can be used 
to provide a controlled recovery from a software 
upset. 

On ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 the watchdog activation (hardware or 
software) is user selectable; on masked devices the 
watchdog activation can be selected as ROM option 
while for EPROM/OTP versions different part num
bers 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 can't 
be used as a timer. In case of software option the 
watchdog activation can be controlled by the user 
software so that the watchdog can be used as a 
simple 7-bit timer for general purpose counting. 

The watchdog is using one data space register 
(DWDR location DSH). 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 MSbits in the watchdog 
register, this gives the possibility to generate a reset 
in a time between 3072 to 196608 clock cycles in 

Figure 31. Digital Watchdog/Timer Block Diagram 

WRIIE 

RESET 

DATA BUS 

64 possible steps. (With a clock frequency of SMHz, 
this means from 384f1S to 24.576ms). The check 
time can be set differently for different routines 
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.lf the software option is selected the timer 
option (watchdog deactivated) there are 7 available 
counter bits. This is because when the cell is used 
as watchdog function, bit 1 of the register is used 
for managing the watchdog. 
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. 

If the software option is selected, after a reset, the 
Watchdog/timer is in off-state. The watchdog 
should be activated inside the Reset restart routine 
by writing a "1" in watchdog/timer register bit 0 (this 
is automatically done in the hardware activated 
option). Bit one of this register must be set to one 
before to program bit zero as otherwise a Reset will 
be immediately generated when bit 0 is set. This 
allows the user to generate a reset by software (bit 
0=1, bit 1 =0). Once bit 0 is set, it can not be cleared 
by software without generating a Reset. 
Figure 31 shows the watchdog block diagram while 
Figure 32 shows its working principle. 

u 
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I 
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DIGITAL WATCHDOG/TIMER (Continued) 

Figure 32. Digital Watchdog Timer Working 
Principle 
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Note 

In many applications the user may need to syn
chronize the RESET with the external circuitry and 
so when the watchdog initiates the ST621 O,E1 o, 
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 SOns. 

ST621 O,E1 0-15,E15-20,E20-25,E25 

Figure 33. Watchdog Register 

DWDR 
Watchdog Register 
(DBH Read/Write) 

SR= Software Reset B1t 

L._ _____ 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 can't 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=O (watchdog disabled, software option only) it is 
the MSB of the 7-bit timer. 

T1-T6. These are the watchdog counter bits. It 
should be noted that 07 (T1) is the LSB of the 
counter and 02 (T6) is the MSB of the counter, 
these bits are in the opposite order to normal. 

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.!! 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, two additional instructions, 
that check the state of the watchdog and eventually 
reset the chip, are needed within the first 27 instruc
tions after the reset. These instructions are: 

jrx 0, WO, #+3 
ldi WO, OFOH 

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 alter 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. 
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DIGITAL WATCHDOG/TIMER (Continued) 

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

ldi a, OFEH 
and a, WD 
cpi a, OFEH 
jrz #+3 
ldiWD, 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. 

8-BIT AID CONVERTER 

The ST6210,E10, ST6215,E15, ST6220,E20 and 
ST6225,E25 AID converter is an 8-bit analog to 
digital converter with 8 (PBO-PB7 on ST621 O,E1 0, 
ST6220,E20) or 16 (PA4-PA7, PBO-PB7, PC4-PC7 
on ST6215,E15, ST6225,E25) analog inputs (as 
alternate functions of 1/0 lines) offering 8-bit resol
ution with+ 1/2 bit of linearity and a conversion time 
of 70J..LS (clock frequency of 8MHz). The AID periph
eral converts by a process of successive approxi
mations using a clock frequency derived from the 
oscillator with a division factor of twelve. With an 
oscillator clock frequency less than 1.2MHz, the AID 
converter accuracy is decreased. 
The selection of the pin signal that has to be con
verted is done by configuring the related 1/0 line as 
analog input through the 1/0 ports option and data 
registers (refer to 1/0 ports description for additional 
information). It must be underlined that only one 1/0 
line can be configured as analog input at a time. 
The user must avoid the situation in which more 
than one 1/0 is selected to be analog input to avoid 
malfunction of the chip. 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 

Figure 34. AID Converter Block Diagram 

CORE 

CONTROL SIGNALS 

(STA) in the ADC control register. This automatically 
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 are 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 O.The AID converter has a 
maskable interrupt associated to the end of conver
sion. 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 converter can resolve the input 
voltage with an accuracy of: 

Voo- Vss 
256 

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 1J..LS 
before conversion and remain constant during the 
conversion. 
If the user wishes to reduce the power consumption 
of the devices by turning off the ADC peripheral this 
can be done using the PDS bit in the ADC control 
register. I! PDS=1 the AID is supplied and enabled 
for conversion, if PDS=O the AID is in power-down 
mode with no power consumption. This bit must be 
set at least one instruction before the beginning of 
the conversion to allow the stabilization of the AID 
converter. This action is needed also before enter
ing the STOP instruction as the AID 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 AID 
interrupt is masked (EAI=O). Figure 34 shows the 
AID Converter block diagram. 
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INTERRUPT 

CLOCK 

RESET 

AVss (ANALOG Vss) 
AVoo (ANALOG Voo) 
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8-BIT AID CONVERTER (Continued) 

AID Converter Registers 

Figure 35. A/D Converter Control Register 

ADCR 
A/D Converter Control Register 

(D1 H Read/Write) 
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NU = Not Used 

NU = Not Used 

NU =Not Used 

PDS= Power Down Selectron 

STA= Start ol Conversion 

EOC = End of Conversron 

EAI = Enable AID Interrupt 

EAI. If this bit is set to one the ND interrupt (vector 
#4) is enabled, when EAI=O 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 ND converter if set to 
1. Writing a zero into this bit will put the ADC in 
power down mode (idle mode). 
D3-DO. Not used 

Figure 36. AID Converter Data Register 

ADR 
A/D Converter Data Register 

(DOH Read Only) 

D7 -DO = 8 B1l AID Result 

D7-DO. 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 
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only when EOC bit in the ADCR register is set to 
one (end-of-conversion). 

AID Converter Specifications 
This paragraph deals with a short description of 
main ND converter specifications and parameters 
(see Electrical Characteristics for detailed values 
and test conditions). 
Resolution. This parameter represents the input 
voltage change needed to cause the output of an 
ND to change between one code and the next 
adjacent code. An ND converter with "n" switches 
can convert 1 part in 2n. As a result the least 
significant increment, usually called least signifi
cant bit (LSB), is 2-n while the most significant bit 
(MSB) has a weight of 2-1. The ST6210,E10, 
ST6215,E15, ST6220,E20 and ST6225,E25 ND 
converter, that has an 8-bit resolution, may convert 
1 part in 28 (1 part in 256). The resolution is a 
design dependent parameter and is not repre
sentative of the ND converter accuracy or linearity. 
Quantizing Error. This error represents the maxi
mum deviation from the straight line transfer func
tion of a perfect ND converter. As the ND converter 
gives in a digital finite code an analog input, only an 
infinite resolution will give a quantizing error equal 
to zero. The ST6210,E10, ST6215,E15, 
ST6220,E20 and ST6225,E25 ND converter can 
guarantee a maximum quantizing error of+ 1/2 LSB. 
Non Linearity. This parameter describes the devi
ation of the ND from a linear transfer curve (repre
sented in Figure 37). The non-linearity error (often 
specified has linearity error) is not comprehensive 
of the quantization, zero or scale errors. A specifica
tion of ±1/2 LSB implies error in addition to quanti
zation error. Non linearity errors are usually 
expressed in% of FS or fractional LSB. See Figure 
38. 

Figure 37. Ideal A/D Converter Transfer Char
acteristics 

_,EX CCJ': 

' FF"i 

VAOO~lO 
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8-BIT CONVERTER (Continued) 

Full Scale Error. This parameter is the deviation 
of actual input voltage from the design expected 
value for a full scale output code (for ST621 O,E1 0, 
ST6215,E15, ST6220,E20 and ST6225,E25 full 
scale=FFH). This error is related to variations in the 
reference voltage (Voo and Vss in ST621 O,E1 0, 
ST6215/E15, ST6220,E20 and ST6225,E25), am
plifier gain, etc.(see Figure 39). 
Zero Offset. This parameter represents the mean 
input voltage needed to obtain the zero code output 
(See Figure 40). This kind of error is usually related 
to AID amplifier or comparator input voltage or 
current offset and can be adjusted with an external 
potentiometer. Zero offset is usually expressed in 
% of FS or fractional LSB. 

Figure 38. Non Linearity Conversioln Error 

HEX CODE 

FFH 

DIGITAL 
CODE 

OOH "----+I ==-.+-:-AccNAccL-::-OG::-c-IN-::cPUC:T,..--:Fc-S VIN 

1/2 LSB 

VA00407 

Figure 39. Full Scale Conversion Error 

H::X CODE 

FFH 

DIGITAL 
CODE \ 

IDEAL 

DOH"'------,...,....,--:-=-...,.,.,..,.,---,--=- VIN 
ANALOG INPUT FS 

FuLL 
SCALE 
ERROR 

VA00409 

Figure 40. Zero Offset Conversion Error 

HEX CODE 

FFH 

DIGITAL 
CODE \ 

IDEAL 

-f'l ~O~OH'!-------,AccN-,.,AL-::0-::-G-::IN-::P::-:U::-T ----::Fc-5 VIN 

OFFSET 
(POSITIVE) 

VA00408 

Note 

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. 

Low pass filters should be used at the analog input 
pins. For 70f!S - 8 bit conversions the impedance 
of the analog voltage sources should be less than 
30k0hm while the impedance of the reference 
voltage should not exceed 2k0hm. 

The analog voltage applied on the input pins must 
be present at less 1 f!S before the beginning of the 
conversion and all along the conversion. The vari
ation of the analog input voltage must not exceed 
1 OmV during the conversion time to obtain the best 
resolution. 

The accuracy of the conversion depends on the 
quality of the power supply voltages (Voo and Vss). 
So, the user must specially take care of applying 
regulated reference voltage on the Voo and Vss 
pins (the variation of the power supply voltage must 
be inferior to 5V/ms). 

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

The resolution of the conversion can be improved 
if the power supply voltage (Voo) of the microcon
troller becomes lower. For instance, if Voo = 3V, a 
15mV resolution can be guaranteed. 

28/45 
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8-BIT AID CONVERTER (Continued) 

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 ~oon as possible after the beginning of the 
convers1on because the execution of the WAIT 
instruction may provide a small variation of the Voo 
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
mi~ed). T~e b_est configuration from a accuracy 
po1nt of v1ew 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 frol}l the WAIT mode by the interrupt of 
the ADC penpheral at the end of the conversion. It 
must be noticed that the wake-up of the microcon
troller could _be ~one also with the interrupt of the 
TIMER, ?ut 1n th1s ~ase, the Timer is working and 
some no1se could d1sturb the converter in terms of 
accuracy. 

SOFTWARE DESCRIPTION 

The ST62XX software has been designed to fully 
us~ the ha~dware in the most efficient way possible 
while keepmg byte usage to a minimum; in short to 
provide byte efficient programming capability. The 
ST~2XX Core has the ability to set or clear any 
reg1ster 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 w1th the value of the bit when the SET or 
RES instruction is processed. 

Addressing Modes 

Th~ ST62XX Core has nine addressing modes 
wh1ch 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 four 12-bit RAM 
cells used to stack the return addresses for subrou
tines and interrupts. 

ST621 O,E1 0-15,E15-20,E20-25,E25 

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 
~egisters X,Y,V,W (locations SOH, S1 H, S2H, S3H) 
1n 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 
opcode. Short direct addressing is a subset of the 
direct addressing mode. (Note that SOH and S1 H 
are also indirect registers). 

Extended. In the extended addressing mode, the 
12-bll address needed to define the instruction is 
o~tained by concatenating the four less significant 
b1ts 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. 

Program Counter Relative. The relative address
ing mode is only used in conditional branch instruc
~ions. The ~~str~ction is used to perform a test and, 
1f the cond1t1on 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 (when it is 0) or backward (when 
11 1s 1) branch and the four less significant bits that 
give the span of the branch (OH 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 
b1t 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. 

_____________ Fii ~~~©m~:~~~@~ ____________ 2_9_14_5 
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SOFTWARE DESCRIPTION (Continued) 

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,81 H). 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 

Table 7. Load & Store instructions 

Instruction Addressing Mode 

LDA,X Short Direct 
LDA, Y Short Direct 
LDA, V Short D1rect 
LDA,W Short Direct 
LDX,A Short Direct 
LDY,A Short Direct 
LDV,A Short Direct 
LDW,A Short D1rect 
LDA, rr D1rect 
LD rr, A Direct 
LDA, (X) Indirect 
LDA, (Y) Indirect 
LD(X),A lnd1rect 
LD(Y),A Indirect 

LDI A,#N Immediate 
LDI rr, #N Immediate 

Notes: 
X.Y.Ind~rect Reg1ster Po1n1ers, V & W Short D1rect Registers 
#. Immediate dala (slored 1n ROM memory) 
rr. Data space reg1ster 
t- Affected 

Not Affected 

contained in the opcode. These instructions are 
one byte long. 

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. 

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 an 
immediate data. 
See Table 7. 

Bytes Cycles 
Flags 

z c 

1 4 "' * 

1 4 "' * 

1 4 "' 
* 

1 4 "' * 

1 4 "' * 

1 4 "' * 

1 4 "' * 

1 4 "' * 

2 4 "' * 

2 4 "' * 

1 4 "' * 

1 4 "' * 

1 4 "' * 

1 4 "' * 

2 4 "' * 

3 4 * * 
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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 8. Arithmetic & Logic instructions 

Instruction Addressing Mode Bytes 

ADDA, iXl Indirect 
ADDA, Y Indirect 
ADDA,rr Direct 

ADDIA,#N Immediate 

ANDA, iXl Indirect 
ANDA, Y Indirect 
AND A, rr Direct 

ANDI A,#N lmmed1ate 

CLRA Short D1rect 
CLR rr Direct 

COMA Inherent 

CPA,n Indirect 
CPA, Y lnd1rect 
CPA, rr Direct 

CPI A,#N Immediate 

DECX Short Direct 
DECY Short D1rect 
DECV Short Direct 
DECW Short Direct 
DECA Direct 
DEC rr Direct 

DECiXl Indirect 
DEC Y Indirect 

INC X Short Direct 
INCY Short Direct 
INCV Short D1rect 
INCW Short Direct 
INCA Direct 
INC rr Direct 

INCiXl Indirect 
INC Y Indirect 

RLCA Inherent 

SLAA Inherent 

SUBA, iXl Indirect 
SUBA, Y Indirect 
SUB A, rr Direct 

SUBIA,#N Immediate 

Notes: 
X,Y lnd~rect Reg1ster POinters, V & W Short O~rect Reg1sters 
#. Immediate data (stored 1n ROM memory) 
rr. Data space reg1ster 

1 
1 
2 

2 

1 
1 
2 

2 

2 
3 

1 

1 
1 
2 

2 

1 
1 
1 
1 
2 
2 
1 
1 

1 
1 
1 
1 
2 
2 
1 
1 

1 

2 
1 
1 
2 

2 
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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. See Table 8. 

Cycles 
Flags 

z c 
4 Ll Ll 
4 Ll Ll 
4 Ll Ll 

4 Ll Ll 

4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll Ll 
4 

4 Ll Ll 

4 Ll Ll 
4 Ll Ll 
4 Ll Ll 

4 Ll Ll 

4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 6 . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 Ll . 
4 6 . 
4 Ll Ll 

4 Ll Ll 
4 Ll Ll 
4 Ll Ll 
4 Ll Ll 

4 6 6 
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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 9. 

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 10. 

Table 9. Conditional Branch instructions 

Instruction Branch If 

JRCe C= 1 
JRNCe C=O 
JRZe Z=1 
JRNZe Z=O 
JRR b, rr, ee Bit= 0 
JRS b, rr, ee Bit= 1 

Notes: 
b 3-blt address 
e 5 bit signed displacement 1n the range -15 to + 16 
ee. 8 bit s1gned displacement 1n the range -t 26 to+ 129 

Table 10. Bit Manipulation instructions 

Instruction 

SETb,rr 
RES b,rr 

Notes: 
b 3-blt address: 
rr. Data space reg1ster; 
• Not Affected 

Addressing Mode 

Bit D1rect 
Bit Direct 

Table 11. Control instructions 

Instruction Addressing Mode 

NOP Inherent 
RET Inherent 
RETI Inherent 
STOP(1) Inherent 
WAIT Inherent 

Notes: 

Bytes 

1 
1 
1 
1 
3 
3 

Bytes 

2 
2 

Bytes 

1 
1 
1 
1 
1 

Control Instructions. The control instructions 
control the MCU operations during program execu
tion. See Table 11. 

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 12. 

Cycles 

2 
2 
2 
2 
5 
5 

rr. Data space register 
!1 Affected 

Not Affected 

Cycles 

4 
4 

Cycles 

2 
2 
2 
2 
2 

z . . . . . . 

z . . 

z . . 
"' . 

Flags 

c . . . . 
"' "' 

Flags 

I c 

I 
. . 

Flags 

c . . 
"' . 

1. Th1s 1nstruct1on IS deactivated on ST6010,12, 13,14 and a WAIT IS automatically executed instead of a STOP (the hardware activated 
watchdog IS present) 

f' ~~~AWgcted 

Table 12. Jump & Call instructions 

Instruction 

CALL abc 
JP abc 

Notes: 
abc.12-blt address: 
• Not Affected 

Addressing 
Mode 

Extended 
Extended 

Bytes Cycles 
Flags 

z c 
2 4 . . 
2 4 . . 
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SOFTWARE DESCRIPTION (Continued) 
Opcode Map Summary. The following table contains an opcode map for the instructions used on the MCU. 

~ I~ 0 1 2 3 4 5 6 7 8 9 A 8 c D E F 
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

I I 

2JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 LD 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 4 LDI 2 JRC 4 LD 
0 e abc e bO,rr,ee e # e a,(x) e abc e bO,rr e rr,nn e a,(y) 0 

0000 
1 per 2 ext 1 per 3 bt 1 1 pre 1 1nd 1 per 2 ext 1 per 2 b d 1 per 3 1mm 1 per 1 1nd 

DODO per 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 4 LDI 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 DEC 2 JRC 4 LD 

1 e abc e bO,rr,ee e X e a,nn e abc e bO,rr e X e a,rr 1 
0001 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dlr 
0001 

2JRNZ 4CALL 2JRNC 5 JRR 2 JRZ 2 JRC 4 CP 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 4 COM 2 JRC 4 CP 
2 e abc e b4,rr,ee e # e a,(x) e abc e b4,rr e a e a,(y) 2 

0010 
1 per 2 ext 1 per 3 bt 1 1 pre 1 md 1 per 2 ext 1 per 2 bd 1 per 1 1nh 1 per 1 1nd 

0010 per 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 4 CPI 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 LD 2 JRC 4 CP 

3 e abc e b4,rr,ee e a,x e a,nn e abc e b4,rr e x,a e a,rr 3 
0011 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dir 
0011 

2JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 ADD 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 2 RETI 2 JRC 4 ADD 
4 e abc e b2,rr,ee e # e a,(x) e abc e b2,rr e e a,(y) 4 

0100 0100 
1 per 2 ext 1 per 3 bl 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 per 1 tnh 1 per 1 ind 

2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 4 ADDI 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 DEC 2 JRC 4 ADD 
5 e abc e b2,rr,ee e y e a,nn e abc e b2,rr e y e a,rr 5 

0101 
1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dlr 

0101 

2JRNZ 4CALL 2 JRNC 5 JAR 2 JRZ 2 JRC 4 INC 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 2 STOP 2 JRC 4 INC 
6 e abc e b6.rr,ee e # e (x) e abc e b6,rr e e (y) 6 

0110 
1 per 2 ext 1 per 3 bt 1 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 per 1 mh 1 per 1 1nd 

0110 per 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 LD 2 JRC 4 INC 

7 e abc e b6,rr,ee e a,y e # e abc e b6,rr e y,a e rr 7 
0111 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dir 
0111 pre 

2JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 LD 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 2 JRC 4 LD 
8 e abc e b1,rr,ee e # e (x),a e abc e b1,rr e # e (y),a 8 

1000 
1 per 2 ext 1 per 3 bt 1 1 pre 1 md 1 per 2 ext 1 per 2 bd 1 1 per 1 ind 

1000 per per 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 DEC 2 JRC 4 LD 

9 e abc e b1,rr,ee e v e # e abc e b1,rr e v e rr,a 9 
1001 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 1 ext 1 bd 1 
1001 pre per 2 per 2 per 1 sd 1 per 2 dlr 

2JRNZ 4CALL 2 JRNC 5 JAR 2 JRZ 2 JRC 4 AND 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 4 RLC 2 JRC 4 AND 
A e abc e bS,rr,ee e # e a,(x) e abc e bS,rr e a e a.(y) A 

1010 
1 per 2 ext 1 per 3 bt 1 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 mh 1 per 1 1nd 

1010 per per 1 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 4 ANDI 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 LD 2 JRC 4 AND 

8 e abc e bS,rr,ee e a,v e a,nn e abc e bS,rr e v,a e a,rr 8 
1011 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dlr 
1011 

2JRNZ 4CALL 2 JRNC 5 JAR 2 JRZ 2 JRC 4 SUB 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 2 RET 2 JRC 4 SUB 
c e abc e b3,rr,ee e # e a,(x) e abc e b3,rr e e a,(y) c 

1100 
1 per 2 ext 1 per 3 bt 1 1 pre 1 md 1 ext 1 bd 1 1nh 1 iOd 

1100 per per 2 per 2 per 1 per 1 
2JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 4 SUBI 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 DEC 2 JRC 4 SUB 

D e abc e b3,rr,ee e w e a,nn e abc e b3,rr e w e a,rr D 
1101 

1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dlr 
1101 

2JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 DEC 2 JRNZ 4 JP 2 JRNC 4 RES 2 JRZ 2 WAIT 2 JRC 4 DEC 
E e abc e b7,rr,ee e # e (x) e abc e b7,rr e e (y) E 

1110 
1 per 2 ext 1 per 3 bt 1 1 md 1 per 2 ext 1 per 2 bd 1 per 1 1nh 1 per 1 ind 

1110 per pre 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 2 JRNZ 4 JP 2 JRNC 4 SET 2 JRZ 4 LD 2 JRC 4 DEC 
F e abc e b7,rr,ee e a,w e # e abc e b7,rr e w,a e rr F 

1111 
1 per 2 ext 1 per 3 bt 1 per 1 sd 1 1 per 2 ext 1 per 2 bd 1 per 1 sd 1 per 2 dlr 

1111 pre 

AbbrevtaliOns for Addresstng Modes 
dtr Dtrect 

Legend: 
# lnd•cates Illegal InstructiOns MnemoniC 

sd Short Direct e 5 Btl Displacement 
tmm Immediate b 3 Btl Address 
tnh Inherent 
ext Extended 
b d Btl Dtrect 

rr 1 byte dataspace address 
nn 1 byte tmmedtate data 
abc 12 btl address 

bt BttTest ee 8 btl Dtsplacement 
per Program Counter Relattve 
tnd Indirect 
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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. 

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

Tj = TA +POx RthJA 

where:TA = AmbientTemperature. 

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

Symbol Parameter 

Voo Supply Vollage 

V1 Input Voltage 

Vo Output Voltage 

Jo Current Drain per Pin Excluding Voo & Vss 

!Voo Total Current into Voo (source) 

!Vss Total Current out of Vss (sink) 

Tj Junction Temperature 

TSTG Storage Temperature 

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

PO= Pint+ Pport. 
Pint= IDD x VDD (chip internal power). 
Pport = Port power dissipation 

(determined by the user). 

Value Unit 

-0.3 to 7.0 v 

Vss- 0.3 to Voo + 0.3 v 

Vss- 0.3 to Voo + 0.3 v 

±10 mA 

50 mA 

50 mA 

150 oc 

-60 to 150 oc 

Note: Stresses above those lrsted as ""absolute maxrmum ratrngs·· may cause permanent damage to the devrce. Thrs rs a stress ratrng only 
and functional operatiOn of the dev1ce at these conditions IS not 1m plied. Exposure to max1mum ratmg conditions for extended penods may 
affect dev1ce reiJabJIJty 

THERMAL CHARACTERISTIC 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

RthJA Thermal Resrstance Plastic DIP 20 60 
Plastic DIP 28 55 oc/W 
Plastic SO 20 80 
Plastic SO 28 75 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

RECOMMENDED OPERATING CONDITIONS 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

TA(4) Operating Temperature 1 Version 0 70 oc 
6 Version -40 85 

Voo Operating Supply Voltage 3 6 v 

lose Oscillator Frequency Voo = 4.5 to s.ov 0.01 8 MHz 

lose Oscillator Frequency Voo = 3.5V 0.01 2 MHz 

lose Oscillator Frequency Voo=3.0V 0 01 1 MHz 

AVoo(1) 
Analog Supply Voltage Vss,; AVss< Avoo,; Voo Vss Voo v 

AVss 

lrnJ+ 
Pin Injection Current (positive) Voo = 4.5 to 5.5V +5 mA 
Digital Input (2) TA = -40 to 85'C 

linj- P1n Injection Current (negative) Voo = 4.5 to 5.5V -5 mA 
Digital Input (2) TA = -40 to 85'C 

lrnJ+ 
Pin lnjectron Current (positive) Voo = 4.5 to 5.5V +5 mA 
Analog Inputs TA = -40 to 85'C 

linJ-
Pin Injection Current (negative) Voo = 4.5 to 5.5V note 
Analog Inputs TA = -40 to 85'C 3, 

Notes: 
1. An oscillator frequency above 1 MHz is recommended for reliable AID results 
2 A current of ± 5mA can be forced on each pin of the drgrtal sectron wrthout affectrng the functronal behavrour of the devrce. For a posrtrve 

current injected rnto one pin, a part of thrs current (- 1 0%) can be expected to flow from the nerghbourrng prns. A current of- 5mA can be 
forced on one rnput of the analog sectron at a trme (or- 2.5mA for all rnputs at a trme) wrthout affect1ng the conversron. 

3 If a total current of- 1 rnA rs fiowrng rnto the s1ngle analog channel or 1f the total current flowrng rnto all the analog rnputs rs of 1 rnA, all the 
conversion rs resultrng shrfted of+ 1 LSB. If a total posrtve current of+ 5mA rs flowrng rnto the s1ngle analog channel or If the total current 
flowrng rnto all the analog rnputs rs of 5mA, all the convers1on IS resulting shrfled of + 2 LSB. 

4. EPROM wrrte operatron only at 25oe 
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ST621 0, E1 0-15,E15·20, E20-25,E25 

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

Symbol Parameter 

VrL Input Low Level Voltalge 

VrH Input High Level Voltage 

liL Input Leakage Current 
lrH 

VrL Input Low Level Voltage 

VrH Input High Level Voltage 

VoL Low Level Output Voltage 

VoH High Level Output Voltage 

lrL Input Leakage Current 
lrH 

loo Supply Current RESET Mode 

loo Supply Current RUN Mode 

loo Supply Current WAIT Mode 

loo Supply Current STOP Mode (3) 

Notes: 
1 No Watchdog Reset activated 
2. Reset generated by Watchdog 

Value 
Test Conditions 

Min. Typ. Max. 

RESET Pin 
Voo= 3V 1 
Voo=5V 1.6 

RESET Pin 
Voo= 3V 2 
Voo= sv 3.4 

RESET Pin 
Vin= Voo 11 l 10 Vm= Voo 12) 1 
Vin= Vss -8 -16 -30 

NMI,TIMER 
Voo=3V 0.3x Voo 
Voo=5V 

NMI,TIMER 
Voo= 3V 0.7x Voo 
Voo=5V 

TIMER, IOL= 5.0mA 0.2x Voo Voo= 5.ov 

TIMER, loL=- 5.0mA 
0.65x Voo Voo= 5.ov 

TIMER, 
Vin= Voo or Vss 
Voo= 3.0V 0.1 1.0 
Voo= 5.5V 0.1 1.0 

VRESET= Vss 
IOSC = 8Mhz 3.5 

IOSC= 8MHz, 
!Load= OmA 
Voo= 5.0V 3.5 

IOSC= 8MHz, 14l 
!Load= OmA 
Voo= 5.ov 1.5 

!Load= OmA 
Voo=5.0V 10 

3. When the watchdog funct1on IS activated the STOP 1nstruct1on IS deact1vated WAIT instruction 1s automatically executed. 
4. T1mer and NO 1n OFF state 

Unit 

v 

v 

~A 
mA 
~A 

v 

v 

v 

v 

~A 

mA 

mA 

mA 

~A. 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

1/0 Ports 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

VIL Input Low Level Voltage 1/0 Pins 0.3x Voo v 

VIH Input High Level Voltage I/O Pins O.?x Voo v 

VoL Low Level Output Voltage 1/0 Pins, lo= 1 OJ.!A (sink) 
Voo= 3.ov 

0.1 Voo= s.ov 0.1 v 

VoL Low Level Output Voltage 1/0 Pins, IOL= 5.0mA 
v Voo= s.ov 0.8 

VoL Low Level Output Voltage, 1/0 Pins, loL = 1 OmA 
v PAO-PA3 Only Voo = s.ov 0.8 

VoH High Level Output Voltage 1/0 Pins, lo= -10J1A(sink) 
Voo= 3.0V 2.9 v 
Voo= s.ov 4.9 

VoH High Level Output Voltage 1/0 Pins, IOL=- 5.0mA 
v VDD= 5.0V 3.5 

IlL Input Leakage Current 1/0 Pins, 
IIH Vin= Voo or Vss 

JlA Voo= 3.ov 0.1 1.0 
Voo= 5.5V 0.1 1.0 

Rpu Pull-up Resistor 1/0 PinS Ko Vin= OV 50 100 200 

AC ELECTRICAL CHARACTERISTICS 
(TA=- 40 to + 85' C unless otherwise specified) 

Value 
Symbol Parameter Test Conditions Unit 

Min. Typ. Max. 

fosc Oscillator Frequency Voo = 3.0V 0.01 -1 
Voo = 4.5V 0.01 8 MHz 
Voo = 5.5V 0.01 8 

IILH Interrupt P1n Maximum Pulse Widht Voo =3.0V 
no Voo = 4.5V 

limit JlS 
Voo = 5.5V 

tsu Oscillator Start-up Time 10 100 ms 

ISR Supply Rise Time 0.01 100 ms 

IREC Supply Recovery Time 100 ms 

Tw Minimum Pulse Width NMI Pin 
Voo=5V 10 JlS 

Tw Minimum Pulse Width .RESET Pm !eye second 

C1N Input Capacitance All Inputs Pins 10 pF 

GouT Output Capacitance All outputs Pins 10 pF 
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ST621 0, E 1 0-15, E 15-20, E20-25, E25 

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

Symbol Parameter 

Res Resolution 

Lin Non Linearity 

Qe Quantization Error 

zo Zero Offset 

FSO Full Scale Offset 

tcltl Conversion Time 

VAN Conversion Range 

ZIR Zero Input Read1ng 

FSR Full Scale Reading 

AVssl21 Analog Reference 
AVoo 

AD1 Analog Input Current Dunng 
Conversion 

AC1N131 Analog Input Capacitance 

ASI Analog Source Impedance 

SSI Analog Reference Supply lmpedence 

Notes: 

Value 
Test Conditions 

Min. Typ. Max. 

8 8 8 

Max deviation from the ± 1/2 
best straight line 

Uncertainly due to ± 1/2 
converter resolution 

Vrn = AVss 1 

Vrn = AVoo 1 

lose= 8MHz 70 

AVss AVoo 

Conversion result when 00 
Vrn = AVss 

Conversion result when FF 
Vrn = AVoo 

Vss Voo 

Voo=4.5V 
1.0 

2 

30 

2 

1. W1lh oscillator frequencies less lhan t MHz, the NO Converter accuracy IS decreased. It IS recommended not to use the NO With 
fOSC< tMhz. 

2 In ST6210,E10, ST6215,E15, ST6220,E20 and ST6225,E25 AVss and AVoo are internally connected to d1g11al Vss and Voo 
3 Excluding Pad Capac1tance. 

TIMER CHARACTERISTICS 
(TA=- 40 to + 85' C unless otherwise specified) 

Value 
Symbol Parameter Test Conditions 

Min. Typ. Max. 

IRES Resolution 12 --
fosc 

fiN Input Frequency on TIMER Pin Voo =3.0V fosc 
Voo = 4.5V 

--
4 

tw Pulse W1dth at TIMER Pin Voo = 3.ov 1 
Voo =4.5V 125 
Voo = 5.5V 125 

Unit 

Bit 

LSB 

LSB 

LSB 

LSB 

!-IS 

v 
Hex 

Hex 

v 

!-lA 

pF 

KQ 

KQ 

Unit 

second 

MHz 

!-IS 
ns 
ns 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

PACKAGES MECHANICAL DATA 

Figure 43. 20-Pin Dual in Line Plastic (B), 300-Mil Width 

Dim. 
mm inches 

Min Typ Max Min Typ Max 
A - - - - - -

a1 0 254 0 010 
B 1 39 165 0054 0 064 
b 0 45 0 017 

b1 0 25 0 009 
c - - - - - -
D 25 4 1 000 
E 85 0 334 
e 2 54 0100 
e3 22 86 0 900 
e4 - - - - - -
F 71 0279 
I 3 93 0154 
L 33 0129 
z 134 0 052 

Figure 44. 28-Pin Dual in Line Plastic (B), 600-Mil Widht 

§ Dim. 
mm inches 

Min Typ Max Min Typ Max 
A 

'~ 
a1 0 63 0 025 

I b 045 0 018 

' -J---".1 b1 023 0 31 0 009 0012 
b2 1 27 0 050 "b2~ -o~ c - - - - - -

E D 37 34 1470 
E 15 20 16 68 0598 0 657 

D e 2 54 0100 
e3 33 02 1 300 

28 15 
e4 

~1 
- - - - - -

··-1--- - F 1410 0555 
I 4 45 0175 

1 14 L 3 30 0130 
I 

P()IP26 

Figure 45. 20-Lead Small Outline Plastic (M), 300-Mil Body Width 

Dim. 
mm inches 

Min Typ Max Min Typ Max 
A 2 65 0104 

a1 010 0 20 0 003 0 007 
a2 2 45 0 096 
b 035 0 49 0 013 0 019 

b1 0 23 0 32 0 009 0 012 
c 0 50 0 019 

c1 45" 45. 
D 1260 13 DO 0 496 0 511 
E 1000 1065 0 393 0 419 
e 1 27 0 050 

e3 11 43 0 450 
F 7 40 7 60 0 291 0 299 
G 8 80 915 0 346 0 360 
L 0 50 1 27 0 019 0 050 
M 0 75 0 029 
s 8. 8 0 
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ST621 0, E1 0-15,E15-20, E20-25,E25 

PACKAGES MECHANICAL DATA (Continued) 

Figure 46. 28-Lead Small Outline Plastic (M}, 300-Mil Body Widht 

E mm inches "- Dim. ' Min Typ Max Min Typ Max 
N N A 2 65 0104 

e~lu±!~ I~ 
a1 010 0 30 0 004 0 011 
a2 - - - - - -

~; \ ;j' .1 
b 0.35 0.49 0 013 0 019 

b1 0 23 0 32 0 009 0 012 
c 0 50 0 019 

OPTION 
c1 45. 45' 

D 0 1770 1810 0 696 0 712 

_1~ G u v E 10 00 10 65 0 393 0 419 

~I]J_: 
e 127 0 050 

J~ 
e3 
F 7 40 7 60 0 291 0 299 

- ~ 

G -
:!::::::::: ~ L 0 40 1 27 0 015 0 050 

'lF'1l' ' u u "' M 
s 8. 8. 

PS02B 

Figure 47. 20-Pin Ceramic Small Outline 

F Dim. 
mm inches 

M 
Min Typ Max Min Typ Max 

c A 368 0145 
I I a1 180 250 0071 0 098 

6;;Jio I ol~3 B 039 047 0015 0 019 q.q 

JILb : J b1 017 023 0007 0 009 
e3 ! ' c 7 45 0 293 

' 

E I 0 12 60 13 00 0496 0512 

0 E 10 00 10 65 0 394 0419 

I ir e 1 27 0 050 
e3 11 43 0 450 

~Gfl 
F 830 9 20 0 327 0362 

- -85----:- u 

G 950 9 85 0374 0388 
/L 650 670 0 256 0264 
M 0 80 0 031 

448 0176 

Figure 48. 28-Pin Ceramic Small Outline 

F 

~ 
Dim. 

mm inches 
Min Typ Max Min Typ Max 

A 368 0145 
a1 1 80 250 0071 0 098 
8 039 047 0015 0 019 

b1 017 023 0007 0009 
c 7 45 0 293 
0 17 50 18.50 0 689 0.728 
E 10 DO 10.65 0 394 0419 
e 1 27 0 050 

e3 16 51 0 650 
F 830 9 20 0.327 0362 
G 950 9.85 0374 0 388 

/L 650 670 0256 0 264 
M 0 80 0 031 

448 0176 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

PACKAGES MECHANICAL DATA (Continued) 

Figure 49. 20-Lead Freat Seal Ceramic Dual in Line Package, 300-Mil Body Width 

Dim. 
mm inches 

~ 
Min Typ Max Min Typ Max 

A 2692 1 059 

: B 7 80 0 307 

j_ o) c - - - - - -

, fiU-":~] u ,I 
D 3 40 0134 

wl o) r-.;1 
E 0 50 1 78 0 020 0 070 

Lt 
e3 2286 090 
F 2 29 2 79 0 090 0110 

I G 040 055 0016 0 022 
I 1 27 1 52 0 050 0060 
L 0 22 0 31 0 009 0 012 

A M 051 1 27 0 020 0 050 

I I N - - -

--~~"Effi-- ~1-
N1 o· 10' o· 10. 
p 7 90 813 0311 0320 

~1 I a 5 71 0 225 
w w w w w,w w w w w 0 4 24 4 39 0167 0173 

Figure 50. 28-Lead Freat Seal Ceramic Dual in Line Package, 600-Mil Body Widht 

p mm inches 
Dim. 

Min Typ Max Min Typ Max 

llll!~~l :+ :l 5' A 3810 1500 
B 1305 1336 514 526 
c 3 90 5 DB 154 199 

- ~ ~' '~ ' 
0 3 00 118 
E 0 50 178 020 070 

~ N e3 3302 1300 
F 2 29 2 79 090 .110 

I ~ I OPTION 

G 0 40 055 016 027 
I 117 142 046 .056 
L 022 0 31 009 012 

[~~~~:] ·I~ 
M 152 249 060 098 
N 

N1 o· 10' o· 10' 
p 1540 15 80 606 622 
Q 5 71 225 

I 
0 6 86 7 36 270 290 FDIP2BW 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

ORDERING INFORMATION 

The following chapter deals with the procedure for 
transfer the Program/Data ROM codes to SGS
THOMSON. 

Communication of the ROM content. To com
municate the contents of Program/Data ROM 
memories to SGS-THOMSON, the customer has 
to send one 2764 EPROM that must be pro
grammed as follows: 

ST6210,ST6215 (2K ROM Devices) 

OOOOH-087FH Reserved (Should be filled with 
FFH) 

0880H-OF9FH User program 
OFAOH-OFEFH Reserved (Should be filled with 

FFH) 
OFFOH-OFF7H Interrupt Vectors 
OFF8H-OFFBH Reserved (Should be filled with 

FFH) 
OFFCH-OFFDH NMIInterrupt Vector 
OFFEH-OFFFH Reset Vector 

ST6220,ST6225 (4K ROM Devices) 

OOOOH-007FH Reserved (Should be filled with 
FFH) 

0080H-OF9FH User program 

OFAOH-OFEFH Reserved (Should be filled with 
FFH) 

OFFOH-OFF7H Interrupt Vectors 
OFF8H-OFFBH Reserved (Should be filled with 

FFH) 
OFFCH-OFFDH NMI Interrupt Vector 
OFFEH-OFFFH Reset Vector 

The above reserved areas are the same also in 
OTP devices. 

The ROM code must be generated with ST6 As
sembler. 

All unused bytes must be set FFH. For shipment to 
SGS-THOMSON the EPROMs should be placed in 
a conductive IC carrier and packaged carefully. 

Listing Generation & Verification. When SGS
THOMSON receives the EPROMs, they are com
pared and a computer listing is generated from 
them. This listing refers exactly to the mask that will 
be used to produce the microcontroller. Then the 
listing is returned to the customer that rnust thor
oughly check, complete, sign and return it to SGS
THOMSON. SGS-THOMSON will also program 
one 2764 EPROM from the data file corresponding 
to the listing to help the customer in its verification. 
The signed listing constitutes a part of the contrac
tual agreement for the creation of the customer 
mask. SGS-THOMSON sales organization will pro
vide detailed information on contractual points. 

: _2_;4_5 ________________________ ~~~~~~~~~~~ ---------------------------



ST621 O,E1 0-15,E15-20,E20-25,E25 

ORDERING INFORMATION (Continued) 

ROM DEVICES 

Sales Type ROMxB 1/0 Additional Features 

ST6210B1 
ST621086 

12 

ST6210M1 
ST6210M6 

2K Bytes 
f---

ST621581 
ST6215B6 

20 

ST6215M1 
ST6215M6 AID CONVERTER 

ST622081 
ST6220B6 

12 
ST6220M1 
ST6220M6 

4K Bytes f---
ST6225B1 
ST6225B6 

20 
ST6225M1 
ST6225M6 

Note: Each ROM content IS 1dent1fical by 2 alphabetic characters to be added to the sales type. 

EPROM DEVICES 

Sales Type ROMx8 1/0 Additional Features 

ST62E10B1/HWD EPROM; AID CONV; HARD WDG 
ST62E10B1/SWD 

12 EPROM; AID CONV; SOFT WDG 
ST62E10M1/HWD EPROM; AID CONV; HARD WDG 
ST62E10M1/SWD EPROM; AID CONV; SOFT WDG 

2K Bytes 

ST62E15B1/HWD EPROM; AID CONV; HARD WDG 
ST62E15B1/SWD 

20 EPROM; AID CONV; SOFT WDG 
ST62E15M1/HWD EPROM; AID CONV; HARD WDG 
ST62E15M1/SWD EPROM; AiD CONV; SOFT WDG 

ST62E20B1/HWD EPROM; AID CONV; HARD WDG 
ST62E20B1/SWD 

12 EPROM; AID CONV; SOFT WDG 
ST62E20M1/HWD EPROM; AID CONV; HARD WDG 
ST62E20M1/SWD EPROM; AID CONV; SOFT WDG 

4K Bytes 

ST62E2581/HWD EPROM; AID CONV; HARD WDG 
ST62E25B1/SWD 

20 EPROM; AiD CONV; SOFT WDG 
ST62E25M1/HWD EPROM; AID CONV; HARD WDG 
ST62E25M1/SWD EPROM; AID CONV; SOFT WDG 

Temperature Range Package 

0 to +70"C 
PDIP20 -40 to +85"C 

0 to +70"C PS020 -40 to +85"C 

0 to +70"C 
PDIP28 -40 to +85"C 

0 to +70"C PS028 -40 to +85"C 

0 to +70"C PDIP20 -40 to +85"C 

0 to +70"C PS020 -40 to +85"C 

0 to +70"C PDIP28 -40 to +85"C 

0 to +70"C PS028 -40 to +85"C 

Temperature Range Package 

FDIP20W 
FDIP20W 
CS020W 
CS020W 

FDIP28W 
FDIP28W 
CS028W 

0 to +70"C 
CS028W 

FDIP20W 
FDIP20W 
CS020W 
CS020W 

FDIP28W 
FDIP28W 
CS028W 
CS028W 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

ORDERING INFORMATION (Continued) 

OTP DEVICES 

Sales Type ROMx8 1/0 

ST62T10B1/HWD 
ST62T1 OB6/HWD 

ST62T10B1/SWD 
ST62T1 OB6/SWD 

2K Bytes 12 

ST62T1 OM1/HWD 
ST62T1 OM6/HWD 

ST62T10M1/SWD 
ST62T1 OM6/SWD 

ST62T15B1/HWD 
ST62T15B6/HWD 

ST62T15B1/SWD 
ST62T15B6/SWD 

21< 20 

ST62T15M1/HWD 
ST62T15M6/HWD 

ST62T15M1/SWD 
ST62T15M6/SWD 

ST62T20B1/HWD 
ST62T20B6/HWD 

ST62T20B 1/SWD 
ST62T20B6/SWD 

12 

ST62T20M1/HWD 
ST62T20M6/HWD 

ST62T20M1/SWD 
ST62T20M6/SWD 4K Bytes 

ST62T25B1/HWD 
ST62T25B6/HWD 

ST62T25B1/SWD 
ST62T25B6/SWD 

20 

ST62T25M1/HWD 
ST62T25M6/HWD 

ST62T25M1/SWD 
ST62T25M6/SWD 

Additional Features Temperature Range Package 

o to +70'C OTP; AID CONV; HARD WDG -40 to +85'C 
PDIP20 

OTP; AID CONV; SOFT WDG 0 to +70'C 
-40 to +85'C 

OTP; AID CONV; HARD WDG o to +70'C 
-40 to +85'C 

PS020 

OTP; AID CONV; SOFT WDG 0 to +70'C 
-40 to +85'C 

OTP; AID CONV; HARD WDG o to +70'C 
-40 to +85'C 

PDIP28 

OTP; AID CONV; SOFTWDG 0 to +70'C 
-40 to +85'C 

0 to +70'C OTP; AID CONV; HARD WDG -40 to +85'C 
PS028 

OTP; AID CONV; SOFT WDG 0 to +70'C 
-40 to +85'C 

0 to +70'C OTP; AID CONV; HARD WDG -40 to +85'C 
PDIP20 

OTP; AID CONV; SOFTWDG 0 to +70'C ' 
-40 to +85'C 

OTP; AID CONV; HARD WDG 
0 to +70'C 

-40 to +85'C 
PS020 

OTP; AID CONV; SOFT WDG 
o to +70'C 

-40 to +85'C 

OTP; AID CONV; HARD WDG 0 to +70'C 
-40 to +85'C 

PDIP28 

OTP; AID CONV; SOFT WDG o to +70'C 
-40 to +85'C 

OTP; AID CONV; HARD WDG 0 to +70'C 
-40 to +85'C 

PS028 

OTP; AID CONV; SOFT WDG 0 to +70'C 
-40 to +85'C 
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ST621 O,E1 0-15,E15-20,E20-25,E25 

ST6210, ST6215, ST6220, ST6225 MICROCONTROLLER OPTION LIST 

Customer 

Address 

Contact 

Phone No 

Reference 

SGS-THOMSON Microelectronics references 
Device [ ] (d) 
Package [ ] (p) 
Temperature Range [ ] (t) 

For marking one line with 11 characters maximum is possible 
Special Marking [ ] (y/n) Line 1 " ___________ " (N) 

Notes: 
[d]1 = ST621 0, 2 = ST6215, 3 = ST6220, 4 = ST6225 

[p] B = Dual in Line Plastic, M = Small Outline Plastic, 

(t) 1= o·c to+ ?o·c, 6 =- 4o·c to+ ss·c 
(N) Letters, digits,'.', '-', '/'and spaces only 

Input pull-up selection: 

Watchdog Selection: 

) On NMI pin 
) On TIMER pin 

) Hardware Activation 
) Software Activation 

Signature .................................................. . 

Date ......................................................... . 

45/45 _________ ...:...._ ___ ~ ~i~©IH&r~~~~, -------------.,. 
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ST6-SW 
SOFTWARE DEVELOPMENT TOOLS 

FOR ST6 MCU FAMILY 

a Includes: 
- Macro assembler 
- Linker 
- Software simulator 

a Runs on MS-DOS systems 

a Window based graphic interface 

11 Extensive symbol manipulation 

GENERAL DESCRIPTION 

Full software development tools is achieved using 
the ST6 Software Development Tools consisting of 
a powerful macro assembler, a linker and a soft
ware simulator. 

The ST6 Macro assembler accepts a source file 
written in ST6 assembly language using any text 
editor package and transforms it in an ST6 execu
table file. 

To enable good testability and fast debugging, 
many application software are made up of several 
modules, each of them performing an elementary 

Figure 1. Development Flow Chart 

task. Each module is assembled independently of 
the others, ihus producing a number of object files. 
The ST6 Linker combines these object files into a 
single executable program. Both object format and 
hexadecimal format are produced. The hexadeci
mal file is used to program an EPROM while the 
object file is used to run the simulator or the de
bugger. 

The ST6 Software Simulator allows the user to 
debug and execute any executable program writ
ten for any member of the ST62/ST63 family of 
microcontrollers without the aid of additional hard
ware. 

Once debugged with the simulator, the program 
can be programmed into an EPROM device by 
using the hexadecimal file and the ST6 programm
ing board. By plugging the EPROM device into the 
application hardware, simple applications can be 
debugged without the need of an emulator. 

The ST6 Hardware Development Tools are re
quired where high performance debugging is 
needed. 
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ST6-SW 

ST6 ASSEMBLER 

" Macro call and conditional assembly 

11 Extensive symbol manipulation 

11 Error diagnostics 

General Description 

The ST6 Macro assembler accepts a source file 
written in ST6 assembly language and transforms 

Figure 2. AST6 Directives 

it into an executable file in relocatable object code 
format. When the whole program is in one file only, 
the assembler also generates an hexadecimal file 
(INTEL hex format) ready to be programmed into 
an EPROM device. 
The assembler recognizes the use of section, sym
bols, macros and conditional assembly directives. 
In addition, the ST6 Assembler is able to produce 
detailed assembly listing and symbol cross refer
ence file. 

.ASCII Stores in program space a string as a sequence of ASCII codes 

.ASCIZ Same as .ASCII followed by a null character 

.BLOCK Reserves a block of contiguous memory location 

.BYTE Stores successive bytes of data in program space 

.DEF Defines the characteristics of a data space location 

.DISPLAY Displays a string during assembly process 

.DP _ON Segments the data space 

.EJECT Starts a new listing page 

.ELSE Beginning of the alternative part in conditional assembly block 

.END End of source file · 

.ENDC End of conditional assembly block 

.ENDM End of a macro definition 

.EQU Assigns the value of an expression to a label 

.ERROR User defined assembly error 

.EXTERN Defines a symbol as external 

.IFC Beginning of conditional assembly block 

.INPUT Includes an additional source file in the present one 

.GLOBAL Defines a symbol as global 

.LABEL.W Initializes Data ROM Window Register 

.LABEL.D Gains access to a label in a Data ROM Window 

.LINESIZE Set listing line length 

.LIST Enables the listing of specified fields of the source file 

.MACRO Beginning of a macro definition 

.MEXIT End of a macro expansion 

.NOTRANSMIT Inhibits symbol transmission to the linker 

.ORG Set current location counter 

.PAGE_D Specifies the page number in data space 

.PL Set listing page length 

.PP _ON Segments the program space in 2K pages 

.ROMSIZE Defines the available ROM size 

.SECTION Provides a logical partitioning of program space 
.SET Same as .EQU, but can be redefined in the source file 
.TITLE Assigns title to the document 
.TRANSMIT Transmits symbol definitions to the linker 
.VERS Defines the target ST6 device 
.WARNING User defined assembly warning 
.WINDOW Defines a continuous relocatable block of program code 
.W_ON Enables the use of the .WINDOW directive 
.WORD Stores successive words of data in program space 
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ST6 LINKER 

" Links up to 32 modules 

" Extensive symbol manipulation 

11 33 sections (including interrupt vectors) 

11 Error diagnostics 

The ST6 Linker is responsible for combining a 
number of object files into a single program, asso
ciating an absolute address to each section of 
code, and resolving any external references. 

The ST6 Linker produces an hexadecimal file in 
INTEL format to be down loaded into an EPROM 
device and an object code file to be used with the 
simulator. The linker also produces a map file which 
gives information about the sections, pages, mo
dules and labels. Finally, listing files are produced 
which update the assembler listings with real ad
dresses of symbols and statements. 

This software program allows the user to develop 
modular programs, which may then be combined 
and addressed as defined by the user. The flexi
bility of the ST6 Linker is greatly increased by the 
use of sections allowing the user to group pieces 
of software from different modules. The location 
and the size of each section is user selectable. 

ORDERING INFORMATION 

Sales Type 

ST6 SIMULATOR 

11 Window based graphic interface 

11 On line assembler/disassembler 

11 Supports symbolic debugging 

ST6-SW 

11 128 breakpoints and 128 software traps 

11 TRACE mode 

" 110 and CLOCK simulation 

SIMST6 allows the user to debug and execute any 
program written for any of the current .and future 
members of the ST6 family of microcontrollers, 
without the aid of additional hardware. 

The user specifies the target device, its mapping 
and the object code file to be used. The simulator 
functionally duplicates the operation of the ST6 and 
completely supports the instruction set. 1/0 chan
nels may be opened, read, and written, in order to 
simulate the 1/0 functions of peripherals, while 
interrupts may be set, and then set pending, in 
order to simulate the handling of interrupts. The 
simulator uses the clock frequency assigned by the 
user, along with the number of clock cycles needed 
by each instruction to keep track of the real time 
execution speed. 

The ST6 Simulator accepts command lines in both 
interactive and batch mode. 

Description 

ST6-SW ST6 software development tools 
(includes assembler, linker and emulator) 

Note: The ST6 software package IS Included 1n all ST6xxx-EMU real t1me develoment tools. 
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HARDWARE FEATURES 

• Supports ST62xx and ST63xx family 

• Real time emulation 

• 32 KBytes of emulation memory 

• Breakpoints on up to 256 events 

REAL TIME DEVELOPMENT TOOLS 
FOR ST6 MCU FAMILY 

SOFTWARE FEATURES 

c Symbolic debugger 

c Window based interface 

c On line assembler/disassembler 

• Events can be defined on program space, data 
space and on up to 4 external signals c Log files capable of storing any displayed screen 

c Command files able to execute a set of debugger 
commands 

• 1 K of real trace memory 

• Tracing of up to 32 bits including 4 external 
signals 

/• 

/ = 

.' ~- .... : ... _~:-·- ··-
:';::;_ - . -_-- ·-=--=- ~~~;·-·-·- -. 

------=-- --- ~ .. ---:~-·-~ 
- -~- --- ~---__::__:.__ ~ --
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ST6xxx-EMU 

GENERAL DESCRIPTION 

The ST6 Real Time Development System is an 
advanced hardware development system de
signed and configured to provide comprehensive 
support for the ST6 family of MCU's. 

The mainframe consists of a basic part, common 
to all ST6 devices, and one (ST62 sub family) or 
two (ST63 sub family) dedicated board depending 
of specific device to emulate. Only the dedicated 
boards have to be changed to emulate a new 
device within the ST62/ST63 subfamilies. 

The software part of the real time emulation tool is 
the symbolic debugger. It can be run on a PC 
compatible system and is common to all 
ST62/ST63 devices. It drives the emulator main
frame through an RS232 channel. The debugger 
uses a windowed menu driven user interface and 
enables the user to set the configuration of the 
emulator. 

Once assembled and eventually linked and de
bugged by using the simulator, the application soft
ware is ready to be down loaded into the ST6-EMU. 
The device probe is connected into the application 
hardware. The development station will perform a 
real time emulation of the target device, thus allow
ing high performance test and debugging of both 
application hardware and software. 

The breakpoints allow user to stop the MCU when 
the application software reaches selected ad
dresses and/or addresses within a selected ranges 
and/or on data fetch (or read or write or both) 
cycles. The user is then able to read and modify 
any register and memory location. An on line as
sembler/disassembler is also available to ease the 
debugging. 

The logic analyser can be used when real time 
emulation is needed. It allows to display the last 
1024 cycles. The displayed cycles are either fetch 
cycles only or fetch cycles and data space ac
cesses. Addresses, data, control/status bits and 4 
user signals are displayed using mnemonic and 
user symbols. 

Such a powerful tool enables the user to detect and 
trap any pattern and thus quickly debug the appli
cation. The trapping of random patterns is greatly 
improved by the capability to quit the emulation 
session while the emulator continue to run the 
application software. When the user re-enters the 
debugger, the emulation session resumes and in
formation about any events of interest will be 
flashed to the screen in the form of a message. 

Log files offer the ability to send any screen display 
to a text file. In particular, log files are very useful 
to save the contents of the logic analyser and/or 
the contents of data registers to be analysed or 
printed. 

Command files can be used to execute a set of 
debugger commands in order to ease and speed 
up the emulation session. 

A powerful help facility can be called at any time to 
give additional information about the commands, 
the processor or the emulator. 

When the program is fully debugged, the ST6 
EPROM remote programming board can be used 
to program the emulation device with the INTEL 
hex format file produced by the linker. 

=-21=-4------------lW ~~~©1H2~&H©~ -------------
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Figure 1. SDBST6 Command Summary 

ALL 

BASE 

BREAK 

CB 

CMP 

DL 

OM 

DOS 

DR 

OS 

FM 

GO 

GRAPH 

HELP 

HWTEST 

LOAD 

LCONF 

MOVE 

NEXT 

PM 

QUIT 

RESET 

SAVE 

SB 

SCONF 

SEARCH 

REM 

SET 

SR 

TRACE 

USE 

WR 

UPLOAD 

One Line Assembler 

Change base of numbers 

Display/set breakpoint 

Clear breakpoints 

Compare memory 

Display memory in listing ASM form 

Display/change memory 

Branch to DOS 

Display/change registers 

Display symbol table 

Fill memory with pattern 

Start user program 

Return to GRAPHIC interface 

Call HELP utility 

Execute diagnostic test 

Load memory from a file 

Load data pages configuration 

Move memory block 

Single/multi step mode 

Display/change paged Data ROM locations 

Abandon the program 

Reset ST6 core dedications 

Save memory into a file 

Set address breakpoints 

Save data pages configuration 

Search pattern in memory 

Put comment in a log file 

Set system options 

Set register 

Display traced execution 

Execute command file 

Display current Working Register set 

Copy ROMulator into HOST 

ST6xxx-EMU 
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ST6xxx-EMU 

ORDERING INFORMATION 

Sales Type Description 

ST621X-EMU Complete emulator package lor ST621X/2X dev1ces 
(including ded1cated board and ST6-SW software package) 

ST624X-EMU 
Complete emulator package lor ST624X devices 
(includmg dedicated board and ST6-SW software package) 

ST629X-EMU Complete emulator package lor ST629X devices 
(including dedicated board and ST6-SW software package) 

Complete emulator package lor ST6326, 27, 28, 40, 42, 44, 46, 56, 57 and 
ST63TVS-EMU 58 devices 

(including dedicated board and ST6-SW software package) 

ST638X-EMU 
Complete emulator package for ST6385, 86, 87 and 88 devices 
(including dedicated boards and ST6-SW software package) 

ST639X-EMU 
Complete emulator package lor ST6391, 93, 94, 95, 96 and 99 devices 
(mcludmg dedicated boards and ST6-SW software package) 

ST621X-DBE Separate ded1cated board for ST621 X devices 

ST624X-DBE Separate dedicated board for ST624X devices 

ST629X-DBE Separate dedicated board for ST629X devices 

ST663TVS-DBE Separate dedicated board lor ST63TVS dev1ces 

ST638X-DBE Separate dedicated board lor ST638X devices 

ST639X-DBE Separate ded1cated board lor ST639X devices 

Note : The emulator power supply can be adJusted to 220V or 11 OV 
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EPROM PROGRAMMING BOARD FOR ST62 MCU FAMILY 

HARDWARE FEATURES 

" Programs the ST62Exx EPROM and OTP MCUs 

" Standalone and PC driven modes 
" All ST62Exx packages are supported 

SOFTWARE FEATURES 

" Menu driven software 
• S19 or INTEL hex file formats 

DESCRIPTION 

Different programming boards are designed for 
programming of the various EPROM and OTP 
devices of the ST62 sub-family. For a particular 
device, all available packages are supported by the 
same programming board. 

It can run either in standalone or remote mode 
under control of a DOS compatible PC. 

May 1991 

In standalone mode, the microcontrollers can be 
programmed with a simple key operation directly 
from a master EPROM device or a master microcon
troller. Two colour LEOs indicate the operational 
pass or fail. 

In standalone mode an EPROM memory or a mas
ter MCU is plugged into the programming board. 
The code from the EPROM or the master MCU is 
read and programmed into the ST62 EPROM or 
OTP device. Both VERIFY and BLANK CHECK 
functions are provided. 

In remote mode, the programming board is con
nected to a DOS compatible PC through an RS232 
serial channel. Object code in either S19 or INTEL 
HEX format is read from disk file to program the 
ST62 EPROM or OTP device. The menu driven 
software also offers VERIFY, BLANK CHECK, 
READ MASTER and other utility functions. 



ST62Exx-EPB 

ORDERING INFORMATION 

Sales Types 111 

ST62E1X- EPB/xxx 

8T62E4X-EPB/xxx 

ST62E94-EPB/xxx 

Notes: 
1 ST62Exx-EPB/110: 110V Power Supply 

ST62Exx-EPB/220 · 220V Power Supply 
2. Both /HWD and /SWD options are supported 

Supp~rted Devices Supported Packages 

ST62E10 121 
ST62T10 121 
ST62E15 121 DIP20 
ST62T15 121 DIP28 
8T62E20 121 8020 
8T62T20 121 8028 
8T62E25 121 
8T62T25 121 

8T62E40 
8T62E45 QFP52 
8T62T40 QFP80 
8T62T45 

8T62E94 DIP28 
8T62T94 5028 

=2/=2 ____________ ~ ~~©mgml~~~ -------------
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ST62Exx .. GANG 

GANG PROGRAMMER FOR ST62 MCU FAMILY 

HARDWARE FEATURES 

11 Programs simultaneously up to 10 ST62Exx 
EPROM and OTP MCUs 

11 Standalone and PC driven modes 

a DIP and SO packages supported 

SOFTWARE FEATURES 

a Menu driven software 

" S19 or INTEL hex file format 

DESCRIPTION 

The ST62 gang programmers are designed for 
programming up to 1 0 EPROM or OTP devices. It 
can run either in standalone or remote mode under 
control of a DOS compatible PC. 

May 1991 

In standalone mode, the target ST62 MCUs are 
programmed with a simple key operation directly 
from a master EPROM memory or from a master 
EPROM MCU. Two color LEOs indicate for each 
target device the operational pass or fail. Both 
VERIFY and BLANK CHECK functions are pro
vided. 

In Remote mode, the gang programmer is con
nected to a DOS compatible PC through an RS232 
serial channel. Object code in either S19 or INTEL 
HEX format is read from disk files to program the 
target devices. The menu driven software also 
offers VERIFY, BLANK CHECK, READ master and 
other utility functions. 

The gang programmer is made up of a two parts, 
a base unit common to all ST62XX devices and a 
dedicated package adaptator. 
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ST62Exx-GANG 

ORDERING INFORMATION 

Sales Types Description Supported Devices (ll Supported Packages 

ST62E10 

ST62E10-GANGDIP Gang Programmer ST62T10 DIP20 
ST62E20 
ST62T20 

ST62E10 

ST62E1 0-GANGSO Gang Programmer ST62T10 8020 
ST62E20 
ST62T20 

ST62E15 

ST62E15-GANGDIP Gang Programmer 
ST62T15 

DIP28 ST62E25 
ST62T25 

ST62E15 

ST62E15-GANGSO Gang Programmer ST62T15 
8028 ST62E25 

ST62T25 

Note 1. Both /HWD and /SWD opt1ons are supported 
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INTRODUCTION 

This manual deals with the description of instruc
tion set and addressing modes of ST62,63 micro
controller series. The manual is divided in two main 
sections. The first one includes, after a general 
family description, the addressing mo?es descr!p
tion. The second one includes the detailed descnp
tion of ST62,63 instruction set. Here following ~ach 
instruction is deeply described and are underlined 
the differences among each ST6 series. ST6 soft
ware 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. 

Table 1. ST62,63 Series Core Characteristics 

ST62,63 Series 

Stack Levels 6 

Interrupt Vectors 5 

NMI YES 

Flags Sets 3 

Program ROM 2K + 2K• n 
20K Max 

Data RAM 
64 byte • m 

Data ROM 
64 byte pages 

in ROM 

Carry Flag SUB Reset if A> Source Instruction 
Carry Flag CP Set if A< Source 
lnstructron 

ST62 ~ Sl63 

PROGRAMMING MANUAL 

PROGRAMMING MODEL 

It is useful at this stage to outline the programming 
model of the ST62,63 series, by which we mean 
the available memory spaces, their relation to one 
another, the interrupt philosophy and so on. 

Memory Spaces. The ST6 devices have three 
different memory spaces: data, program and stack. 
All addressing modes are memory spac~ spec!fic 
so there is no need for the user to spec1fy wh1ch 
space is being used as in more complex systems. 
The stack space, which is used automatically with 
subroutine and interrupt management for program 
counter storage, is not accessible to the user. 

Figure 1. ST6 Family Programming Model 
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REGISTERS I ., 00 I SHORT DIRECT 
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-
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ST62,63 Programming Manual 

PROGRAMMING MODEL (Continued) 

Figure 2. ST62 Data Space Example 

b7 bO 

NOT IMPLEMENTED 

DATA ROM/EPROM WINDOW 

64 BYTE 

X REGISTER 

Y REGISTER 

V REGISTER 

W REGISTER 

DATA RAM 60 BYTES 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

RESERVED 

PORT A DIRECTION REGISTER 

PORT B DIRECTION REGISTER 

PORT C DIRECTION REGISTER 

RESERVED 

INTERRUPT OPTION REGISTER 

DATA ROM WINDOW REGISTER 

RESERVED 

PORT A OPTION REGISTER 

PORT B OPTION REGISTER 

PORT C OPTION REGISTER 

RESERVED 

AID DATA REGISTER 

AiD CONTROL REGISTER 

TIMER PSG REGISTER 

TIMER DATA REGISTER 

TIMER TSCR REGISTER 

RESERVED 

WATCHDOG REGISTER 

RESERVED 

ACCUMULATOR 
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OOOH 

03FH 

040H 

O?FH 

080H 

081H 

082H 

083H 

084H 

OBFH 

OCOH 

OC1H 

OC2H 

OC3H 

OC4H 

OCSH 

OC6H 

OC7H 

OCSH 

OC9H 

OCAH 

OCBH 

OCCH 

OCDH 

OCEH 

OCFH 

ODOH 

OD1H 

OD2H 

OD3H 

OD4H 

ODSH 

OD?H 

ODSH 

OD9H 

OFEH 

OFFH 

Figure 3. ST62 Program Memory Example 

b7 

NOT IMPLEMENTED 

RESE:RVED 

USER PROGRAM ROM 

1828 BYTES 

RESERVED 

INTERRUPT VECTOR #4 

AiD INTERRUPT 

INTERRUPT VECTOR #3 

TIMER INTERRUPT 

INTERRUPT VECTOR #2 

PORT B & C INTERRUPT 

INTERRUPT VECTOR #1 

PORT A INTERRUPT 

RESERVED 

INTERRUPT VECTOR #0 

NMIINTERRUPT .. 
USER RESET VECTOR 

bO 

OOOOH 

07FFH 

OSOOH 

087FH 

0880H 

OF9FH 

OFAOH 

OFEFH 

OFFOH 

OFF1H 

OFF2H 

OFF3H 

OFF4H 

OFFSH 

OFF6H 

OFF?H 

OFFSH 

OFFBH 

OFFCH 

OFFDH 

OFFEH 

OFFFH 

On EPROM versions there are no re
served areas. These reserved bytes are 
present on ROM/OTP versions. 

Data Memory Space. The following registers in the 
data space have fixed addresses which are hard
ware selected so as to decrease access times and 
reduce addressing requirements and hence pro
gram length. The Accumulator is an 8 bit register in 
location OFFH. The X, Y, V & W registers have the 
addresses 80H-83H respectively. These are used 
for short direct addressing, reducing byte require
ments in the program while the first two, X & Y, can 
also be used as index registers in the indirect 
addressing mode. These registers are part of the 
data RAM space. In the ST62 and ST63 for data 
space ROM a 6 bit (64 bytes addressing) window 
multiplexing in program ROM is available through 
a dedicated data ROM banking register. 



PROGRAMMING MODEL (Continued) 

For data RAM and 1/0 expansion the lowest 64 
bytes of data space (OOH-03FH) are paged through 
a data RAM banking register. 

Self-check Interrupt Vector FFBH & FF9H: 
jp (self-check interrupt routine) 

A jump instruction to the reset and interrupt routines 
must be written into these locations. 

ST62 & ST63 Program Memory Space. The ST62 
and ST63 devices can directly address up to 4K 
bytes (program counter is 12-bit wide). A greater 
ROM size is obtained by paging the lower 2K of the 
program ROM through a dedicated banking regis
ter located in the data space. The higher 2K of the 
program ROM can be seen as static and contains 
the reset, NMI and interrupt vectors at the following 
fixed locations: 

Reset Vector FFEH & FFFH: 
jp (reset routine) 

NMIInterrupt Vector FFCH & FFDH: 
jp (NMI routine) 

Non user Vector FFAH & FFBH 

Non user Vector FFBH & FF9H 

Interrupt #1 Vector FF6H & FF?H jp (lnt 1 routine) 

Interrupt #2 Vector FF4H & FFSH jp (lnt 2 routine) 

Interrupt #3 Vector FF2H & FF3H jp (lnt 3 routine) 

Interrupt #4 Vector FFOH & FF1 H jp (lnt 4 routine) 

Program Counter & Stacl< Area. The program 
counter is a twelve bit counter register since it has 
to cover a direct addressing of 4K byte program 
memory space. When an interrupt or a subroutine 
occurs the current PC value is forward "pushed" 
into a deep LIFO stacking area. On the return from 
the routine the top (last in) PC value is "popped" 
out and becomes the current PC value. The 
ST60/61 series offer a 4-word deep stack for pro
gram counter storage during interrupt and sub-rou
tines calls. In the ST62 and ST63 series the stack 
is 6-word deep. 

Status Flags. Three pairs of status flags, each pair 
consisting of a Zero flag and a Carry flag, are 
available. In the ST62 and ST63 an additional third 
set is available. One pair monitors the normal 
status while the se-cond monitors the state during 

ST62,63 Programming Manual 

interrupts; the third flags set monitors the status 
during Non Maskable interrupt servicing. The 
switching from one set to another one is automatic 
as the interrupt requests (o"r NMI request for 
ST62,ST63 only) are acknowledged and when the 
program returns after an interrupt service routine. 
After reset, NMI set is active, until the first RETI 
instruction is executed. 

ST62 & ST63 Interrupt Description. The ST62 
and ST63 devices have 5 user interrupt vectors 
(plus one vector for testing purposes). Interrupt 
vector #0 is connected to the not maskable interrupt 
input of the core. Interrupts from #1 to #4 can be 
connected to different on-chip and external sources 
(see individual datasheets for detailed information). 
All interrupts can be globally disabled through the 
interrupt option register. After the reset ST62 and 
ST63 devices are in NMI mode, so no other inter
rupts can be accepted and the NMI flags set is in 
use, until the RETI instruction is performed. If an 
interrupt is detected, a special cycle will be ex
ecuted, during this cycle the program counter is 
loaded with the related interrupt vector address. 
NMI can interrupt other interrupt routines at any 
time while normal interrupt can't interrupt each 
other. If more then one interrupt is waiting service, 
they will be accepted according to their priority. 
Interrupt #1 has the highest priority while interrupt 
#4 the lowest. This priority relationship is fixed. 

Figure 2. ST62 & ST63 Stacl< Area 

rPROGRAM COUNTER :J 
STACK LEVEL 1 

STACK LEVEL 2 

STACK LEVEL. J 
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} 
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ADDRESSING MODES 

The ST6 family gives the user nine addressing 
modes for access to data locations. Some of these 
are specifically tailored to particular instruction 
types or groups while others are designed to re
duce program length and operating time by using 
the hardware facilities such as the X, Y, V & W 
registers. The data locations can be in either the 
program memory space or the data memory space 
when the ST6 is operating due to user software. In 
addition the ST6 has a stack space for the 12 bit 
program counter but this is controlled by internal 
programming and is not accessible by the user. 
This section will describe all the addressing modes 
which are provided to the user. The following is the 
complete list of the ST6 available addressing 
modes: 

- Inherent 

- Direct 

- Short Direct 

- Indirect 

-Immediate 

- Program Counter Relative 

- Extended 

- Bit Direct 

- Bit Test & Branch 

Inherent. For instructions using the inherent ad
dressing mode the opcode contains all the informa
tion necessary for execution. All instructions using 
this mode are One Byte instructions. 

Program Memory Data Memory 

OPC 

OPC = Opcode 

Example: 

Instruction Comments 

WAIT Puts ST6 1nto the low power WAIT mode 

STOP 
Puts the ST6 into the lowest power 
mode 

Returns from interrupt. Pops the PC 
RET I from the PC stack.Sets the normal set 

of flags 

Direct. In the direct addressing mode the address 
of the data is given by the program memory byte 
immediately following the opcode. This data loca
tion is in the data memory space. All instructions 
using this mode are Two Bytes instructions, lasting 
Four Cycles. 

Program Memory Data Memory 

OPC 

O.A. OPERAND 

OPC = Opcode 
0 A= Operand Address 

Example: 

Instruction Comments 

Loads the accumulator w1th the value 
LDA,OA3H found in location A3H in the data 

space. 

The value found in locations 11 H in 
SUBA,11H the data memory is subtracted from 

the value in the accumulator. 

4/43 ------------------------------ ~~~~@~~f~~~ -----------------------------
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ADDRESSING MODES (Continued) 

Short Direct. ST6 core has four fixed location 
registers in the data space which may be ad
dressed in a short direct manner. The addresses 
and names of these registers are SOH (X), S1 H (Y), 
S2H (V) and S3H (W). When using this addressing 
mode the data is in one of these registers and the 
address is a part of the opcode. All instructions 
using this mode are One Byte instructions, lasting 
Four Cycles. 

Program Memory Data Memory 

X 

OPC &O.A. y 

v 

w 

OPC = Opcode 
O.A .=Operand Address 

Example: 

Instruction Comments 

LDA,X 
The value of the X register (SOH) is 
loaded into the accumulator. 

INC X The X register is incremented. 

Indirect. The indirect mode must use either the X 
(SOH) or Y (S1 H) register. This register contains the 
address of the data. The operand is at the data 
space address pointed to by the content of X or Y 
registers. All instructions using this mode are One 
Byte instructions, lasting Four Cycles. 

ST62,63 Programming Manual 

Program Memory Data Memory 

OPC & R.A. X,Y 

OPC = Opcode 
R.A. = Reg1ster Address 

Example: 

Instruction Comments 

The value in the registers pointed to by 
LDA,(X) the X register is loaded into the 

accumulator. 

The value 1n the register pointed to by 
ADDA,(Y) the Y register is added to the 

accumulator value. 

INC(Y) 
The value in the register pointed to by 
the Y register is incremented. 

Immediate. In the immediate addressing mode the 
operand is found in the program ROM in a byte 
which is the last byte of the instruction. This ad
dressing mode can be used for initializing data 
space registers and supplying constants. Instruc
tions using this mode can be Two or Three Bytes 
instructions, lasting Four Cycles. 

Program Memory Data Memory 

OPC 

D.A. DESTINATION 

OPERAND 

OPC = Opcode 
D.A. = Dest1nat1on Address 
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ADDRESSING MODES (Continued) 

Example: 

Instruction Comments 

LDI34H,DFH Loads immedrate value DFH into 
data space location 34H. 

SUBIA,22H 
The immediate value 22H is sub-
tracted from the ace. 

Program Counter Relative. This addressing 
mode is used only with conditional branches within 
the program. The opcode byte contains the data 
which is a fixed offset value. This offset is added to 
the program counter to give the address of the next 
instruction. The offset can have any value in the 
range -15 to + 16. It is determined by the last five 
bits of the opcode. All instructions using this mode 
are One Byte Instructions, lasting Two Cycles. 

Program Memory 

f----0-PC_&_D_.A_. --1-G-i 
NEXT INSTRUC. _j 

OPC = Opcode 
D.A. = Destmatron Mdress 

Example: 

Instruction Comments 

CURRENT PC 

JRC3 If the carry flag is set then PC = PC+3 

If the zero flag is not set (i.e the result 
JRNZ-7 of a previous instruction is not zero) 

then PC= PC-7 

The relative jump address can be also a label that 
is automatically handled by the assembler. 

Extended. The extended addressing mode is used 
to make long jumps within the program memory 
space (4K). The data requires 12 bits and is pro
vided by half of the opcode by1e and all of the 
second byte. All instructions using this mode are 
Two Bytes instructions, lasting Four Cycles. 

Program Memory Stack 

OPC & 12 [_r CURRENT PC 
-- -

BIT ADDRESS 

OPC = Opcode 

Example: 

Instruction Comments 

JP 3FAH 
Loads 3FAH into program counter and 
continues with the instruction at 3FAH. 

The current PC is pushed onto the 
CALL ROU1 stack and PC loaded with the value as-

sociated to the ROU1 label 

The absolute jump address can be also a label that 
is automatically handled by the assembler. 

Bit Direct. This addressing mode allows th~ user 
to set or clear any specified bit in a data memory 
register. The address of the bit is given in the form: 
"b, R" where b is the number of the bit and R is the 
address of the register. The bit is determined by 
three bits in the opcode and the register address is 
given by the second byte. All instructions using this 
mode are Two Byte instructions, lasting Four 
Cycles. 

Program Memory Data Memory 

OPC &BIT ADD .j. 

D.A. 7161*1*1 11° 

OPC = Opcode 
D.A. = Destinatron Address 



ADDRESSING MODES (Continued) 

Example: 

Instruction Comments 

SET4,A Sets bit 4 of the accumulator to 1. 

RESO,PORT Clears bit 0 of PORT register 

The register address can be associated to a label 
that is automatically handled by the assembler. 

Bit Test & Branch. The bit test addressing mode 
is used in conditional jump instructions in which the 
jump depends on the result of a bit test. The opcode 
specifies the bit to be tested, the byte following the 
opcode in the register address in data space, and 
the third byte is the jump displacement, which is in 
the range -126 to + 129. This displacement can be 
determined using a label, which is converted by the 
assembler. The state of the tested bit is also copied 

PC 

OPC =Opcode 
R.A. = Relative Address 
J.D. =Jump Displacement 

Program Memory 

OPC& BIT ADD 

R.A 

J.D. 

INSTRUCTION 

ST62,63 Programming Manual 

into the carry flag. All instructions using this mode 
are Three Byte instructions, lasting Five Cycles. 

Example: 

Instruction Comments 

If b1t three of data memory 
reg1ster 
associated to PORT label is 

JRS 3,PORT,LAB1 set then PC=PC+LAB1 
(where LAB1 IS the JUmp dis-
placement associated to a 
label 

If bit 0 of data memory regis-
JRR O,OAH,-72 ter OAH is reset to 0 then 

PC=PC-72. 

The· register address and the jump displacement 
can be associated to labels that are automatically 
handled by the assembler. 

Data Memory 
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ST62 & ST63 INSTRUCTION SET 

The ST62,63 instructions can be divided function
ally into the following seven groups. 

- LOAD AND STORE 

-ARITHMETIC AND LOGIC 

-CONDITIONAL BRANCH 

-JUMP AND CALL 

- BIT MANIPULATION 

-CONTROL 

-IMPLIED 

The following summary shows the instructions be
longing to each group, the number of operands 
required for each instructions and the number of 
machine cycles. The flag behaviour is usually the 
same for both ST62 and ST63. The only difference 
is present for CP and SUB instructions as specified 
in the detailed description. 

Table 2. Load & Store Instructions 

Instruction Bytes Cycles 
Flags 

z c 

LD 1 4 "" 
. 

LD rr 2 4 "" 
. 

LDIA 2 4 "" 
. 

LDI 3 4 . . 
Notes IY Affected 

•. Not Affected 

Table 3. Arithmetic & Logic Instructions 

Instruction Bytes Cycles 
Flags 

z c 
ADD 2 

6 
4 

"" "" 
ADD (X,Y) 1 4 

"" 
D 

ADD I 2 4 
"" 

D 

AND 2 4 
"" 

. 
AND (X,Y) 1 4 

"" 
. 

AND I 2 4 "" 
. 

CLRA 2 4 "" D 

CLR 3 4 . . 
COM 1 4 

"" 
D 

Instruction Bytes Cycles 
Flags 

z 
CP 2 4 

"" 
CP(X,Y) 1 4 "" 
CPI 2 4 

"" 
DEC 1 4 

"" 
DEC A/rr 2 4 

"" 
INC 1 4 

"" 
INC A/rr 2 4 "" 
RLC 1 4 

"" 
SLA 2 4 "" 
SUB 2 4 "" 
SUB (X,Y) 1 4 

"" 
SUB I 2 4 

"" 
Notes Ll: Affected 

• Not Affected 

Table 4. Conditional Branch lnsructions 

Instruction Bytes Cycles 

JRC 1 2 

JRNC 1 2 

JRR 3 5 

JRS 3 5 

JRZ 1 2 

JRNZ 1 2 

Notes. Ll. Affected 

"· Not Affected 

Table 5. Jump & Call instructions 

Instruction 

CALL 

JP 

Notes 11· Affected 

":Not Affected 

Bytes Cycles 

2 4 

2 4 

Flags 

z . 
. 
. 
. 
. 
. 

Flags 

z 
. 
. 

c 
D 

D 

D 

. 

. 

. 

. 
D 

D 

D 

D 

D 

c . 
. 
"" 
"" . 
. 

c 
. 
. 
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ST62 & ST63 INSTRUCTION SET (Continued) Table 7. Control Instructions 

Table 6. Bit Manipulation Instructions Instruction Bytes Cycles 
Flags 

z c 
NOP 1 2 . . 

Instruction Bytes Cycles 
Flags 

z c RET 1 2 . . 
RES 2 4 . . RET I 1 2 "' "' 

STOP 1 2 . . 
SET 2 4 . . 

WAIT 1 2 . . 
Notes. L'.: Affected 

·: Not Affected 
Notes /!.'Affected 

• Not Affected 

Table 8. Addressing Modes/Instruction Table 

Instruction lnh Dir Sh Dir lnd lmm PCR Ext Bit Dir Bit Flags 
Test z c 

ADD X X X "' "' AND X X X "' 
. 

CALL X . . 
CLRA X "' D 

CLR X . . 
COM X "' "' 
CP X X X "' "' 
DEC X X X "' 
INC X X X "' 

. 
JP X *" 

. 
JRC, JRNC X . . 
JRZ, JRNZ X . . 
JRR, JRS X . 

"' 
LD, LDI X "' 

. 
NOP X . . 
RES, SET X . . 
RET X . . 
RET I X "' "' 
RLC X "' "' 
SLA X "' "' STOP, WAIT X . . 
SUB X X X "' "' 

Notes: 

INH. Inherent, DIR: D~rect. SH.DIR· Short D~rect, 

IND. Indirect, IMM: Immediate, PCR: Program Counter Relat1ve 

EXT. Extended, BIT DIR: B1t D1rect, BIT TEST .. B1t Test 

L'. Affected 
Not Affected 

9/43 -------------------------------~ ~~~@~~~:~~~~ -------------------------------
69 



ST62,63 Programming Manual 

ST62 & ST63 INSTRUCTION SET (Continued) 

Table 9. ST62,63 Opcode Map 
Low 

0 1 2 3 4 5 6 7 8 9 A B 
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 

Ht 

2 JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 LD 2 JRNZ 4 JP 2 JRNC 4 RES 2 
0 e abc e bO,rr,ee e # e a,(x) e abc e bO,rr 

DODO 
1 per 2 ext 1 per 3 bl 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 4 LDI 2 JRNZ 4 JP 2 JRNC 4- SET 2 
1 e abc e bO,rr,ee e X e a,nn e abc e bO,rr 

0001 
1 per 2 ext 1 per 3 b1 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4 CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 CP 2 JRNZ 4 JP 2 JRNC 4 RES 2 
2 e abc e b4,rr,ee e # e a,(x) e abc e b4,rr 

0010 
1 per 2 ext 1 per 3 b1 1 per 1 pre 1 md 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4 CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 4 CPI 2 JRNZ 4 JP 2 JRNC 4 SET 2 
3 e abc e b4,rr,ee e a,x e a,nn e abc e b4,rr 

0011 
1 per 2 ext 1 per 3 bl 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 b d 1 

2 JRNZ 4 CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 ADD 2 JRNZ 4 JP 2 JRNC 4 RES 2 
4 e abc e b2,rr,ee e # e a,(x) e abc e b2,rr 

0100 
1 per 2 ext 1 per 3 bl 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 4 ADDI 2 JRNZ 4 JP 2 JRNC 4 SET 2 
5 e abc e b2,rr,ee e y e a,nn e abc e b2,rr 

0101 
1 per 2 ext 1 per 3 bl 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 INC 2 JRNZ 4 'Jp 2 JRNC 4 RES 2 
6 e abc e b6,rr,ee e # e . (x) e abc e b6,rr 

0110 
1 per 2 ext 1 per 3 bt t per 1 pre 1 •nd 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 2 JRNZ 4 JP 2 JRNC 4 SET 2 
7 e abc e b6,rr,ee e a,y e # e abc e b6,rr 

0111 
1 per 2 ext 1 per 3 bl 1 per 1 sd 1 pre 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 LD 2 JRNZ 4 JP 2 JRNC 4 RES 2 
8 e abc e b1,rr,ee e # e (x),a e abc e b1,rr 

1000 
1 per 2 ext 1 per 3 bt 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 INC 2 JRC 2·JRNZ 4 JP 2 JRNC 4 SET 2 
9 e abc e b1,rr,ee e v e # • abc e b1,rr 

1001 
1 per 2 ext 1 per 3 bl 1 per 1 sd 1 pre 1 pcr2 ext 1 per 2 bd 1 

2 JRNZ 4 CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 AND 2 JRNZ 4 JP 2 JRNC 4 RES 2 
A e abc e bS,rr,ee e # e a,(x) e abc e b5,rr 

1010 
1 per 2 ext 1 per 3 bt 1 per 1 pre 1 md 1 per 2 ext 1 per 2 bd 1 

2JRNZ 4 CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 4 ANDI 2 JRNZ 4 JP 2 JRNC 4 SET 2 
B e abc e b5,rr,ee e a,v e a,nn e abc e b5,rr 

1011 
1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 b d 1 

2 JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 SUB 2 JRNZ 4 JP 2 JRNC 4 RES 2 
c e abc e b3,rr,ee e # e a.(x) e abc e b3,rr 

1100 
1 per 2 ext 1 per 3 bt 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 
2 JRNZ 4CALL 2 JRNC 5 JRS ~ JRZ 4 INC 2 JRC 4 SUBI 2 JRNZ 4 JP 2 JRNC 4 SET 2 

D e abc e b3,rr,ee e w e a,nn e abc e b3,rr 
1101 

1 per 2 ext 1 per 3 b1 1 per 1 sd 1 pre 2 1mm 1 per 2 ext 1 per 2 bd 1 
2 JRNZ 4CALL 2 JRNC 5 JRR 2 JRZ 2 JRC 4 DEC 2 JRNZ 4 JP 2 JRNC 4 RES 2 

E e abc e b7,rr,ee e # e (x) e abc e b7,rr 
1110 

1 per 2 ext 1 per 3 bt 1 per 1 pre 1 1nd 1 per 2 ext 1 per 2 bd 1 

2 JRNZ 4CALL 2 JRNC 5 JRS 2 JRZ 4 LD 2 JRC 2 JRNZ 4 JP 2 JRNC 4 SET 2 
F e abc e b7,rr,ee e a,w e # e abc e b7,rr 

1111 
1 per 2 ext 1 per 3 bt 1 per 1 sd 1 pre 1 per 2 ext 1 per 2 bd 1 

Abbrevtations for Addressing Modes Legend 
dtr D1rect # lndtcates Illegal Instructions 
sd Short D1rect e 5 Btl Displacement 
tmm lmmedtate b 3 Btl Address 

c D E F 
1100 1101 1110 1111 

JRZ 4 LDI 2 JRC 4 LD 

e rr,nn e a,(y) 

per 3 1mm 1 per 1 tnd 

JRZ 4 DEC 2 JRC 4 LD 

e X e a,rr 
per 1 sd 1 per 2 dtr 

JRZ 4 COM 2 JRC 4 CP 

e a e a,(y) 

per 1 1nh 1 per 1 .md 
JRZ 4 LD 2 JRC 4 CP 

e x,a e a,rr 
per 1 sd 1 per 2 dtr 

JRZ 2 RETI 2 JRC 4 ADD 
e e a,(y) 

per 1 1nh 1 per 1 tnd 

JRZ 4 DEC 2 JRC 4 ADD 

e y e a,rr 

per 1 sd 1 per 2 d1r, 

JRZ 2 STOP 2 JRC 4. INC .. e (y) 

per 1 1nh 1 · per 1 tnd 

JRZ 4 LD 2 JRC 4 INC 

e y,a . e rr 
per 1 sd 1 per 2 dtr 

JRZ 2 JFIC 4 LD 

e # e (y),a 

per 1 per 1 tnd 

JRZ 4 DEC 2 JRC 4 LD 

e v e rr,a 

per 1 sd 1 per 2 dtr 

JRZ 4 RLC 2 JRC 4 AND 

e a e a,(y) 

per 1 mti1. per 1 tnd 

JRZ 4 LD 2 JRC 4 AND 

e v,a e a,rr 

per 1 sd 1 per 2 dtr 

JRZ 2 RET 2 JRC 4 SUB 
e e a,(y) 

per 1 1nh 1 per 1 tnd 
JRZ 4 DEC 2 JRC 4 SUB 

e w e a,rr 

per 1 sd 1 per 2 dtr 

JRZ 2 WAIT 2 JRC 4 DEC 

e e (y) 
per 1 1nh 1 per 1 tnd 

JRZ 4 LD 2 JRC 4 DEC 

e w,a e rr 
per 1 sd 1 per 2 dtr 

tnh Inherent rr 1byte dataspace address Bytes 

ext Extended nn 1 byte tmmedtate data 
bd B1t D~rect abc 12 bit address 
bt Btl Test ee 8 btl Displacement 
per Program Counter Relattve 
tnd Indirect 
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Low 

Ht 

0 
0000 

1 
0001 

2 
0010 

3 
0011 

4 
0100 

5 
0101 

6 
0110 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

B 
1011 

c 
1100 

D 
1101 

E 
1110 

F 
1111 
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ST62 & ST631NSTRUCTION SET (Continued) 

· Thble 10. Instruction Set Cycle-by-Cycle Summary 

Instruction Cycles Cycles(#) Address Bus Data Bus 

Indirect Addressing Mode 

ADD, AND, CP, 1 Opcode Address(") Opcode (") 

DEC, INC, LD, 4 2 Opcode Address+ 1 Next Instruction 

SUB 3 Opcode Address + 1 Next Instruction 
4 Opcode Address + 1 Next Instruction 

ADD, AND, CP, 
1 Opcode Address(") Opcode (") 
2 Opcode Address+ 1 Next lnstructJon DEC, INC, LD, 4 3 Opcode Address+ 1 Next lnstructJon SUB 4 Data Space Rom Add Rom Data(#) 

Direct Addressing Mode 

ADD, AND, CP, 1 Opcode Address(") Opcode (") 
DEC, INC, LD, 4 2 Opcode Address+ 1 Operand Address 
RES, SET, LSA, 3 Opcode Address + 1 (") Operand Address(") 
SUB, CLR 4 Opcode Address +2 Next lnstruclion 

ADD, AND, CP, 1 Opcode Address(") Opcode (") 
DEC, INC, LD, 4 2 Opcode Address+ 1 Operand Address 
RES, SET, LSA, 3 Opcode Address + 1 (") Operand Address(#) 
SUB, CLR 4 Data Space Rom Add (") Rom Data(#) 

Immediate Addressing Mode 

ADDI,ANDI, 1 Opcode Address(") Opcode (") 

CPI, LDI, 4 2 Opcode Address + 1 Immediate Operand 

SUBI 
3 Opcode Address+ 1 (") Immediate Operand 
4 Opcode Address +2(") Next Instruction 

1 Opcode Address(") Opcode (") 
2 Opcode Address + 1 Register Address 

LDirr 4 3 Opcode Address +2 Immediate Operand 
4 Opcode AdDress +3 Next Opcode 

1 Opcode Address(") Opcode (") 
2 Opcode Address + 1 (") Reg1ster Address 

LDirr 4 
3 Opcode Address +2 (#) Immediate Operand 
4 Data Space Rom Add Rom Operand (#) 

Short Direct Addressing Mode 

1 Opcode Address(") Opcode (") 

DEC, INC, LD 4 2 Opcode Address+ 1 Next Opcode 
3 Opcode Address+ 1 Next Opcode 
4 Opcode Address+ 1 Next Opcode 

Notes: • Valid only at the beg~nmng of the cycle 

#. Valid only unt1 t 18 of the cycle 

CPU Activity Notes 

Decode Opcode ROM 
Read Operand Address Data Space 
Read Operand not Ad-
Execute Instruction dressed 

Decode Opcode 
ROM 

Read Operand Address 
Read Operand 

Data Space 

Execute Instruction 
Addressed 

Decode Opcode ROM 
Address Data Space Data Space 
Read Operand not Ad-
Execute Instruction dressed' 

Decode Opcode 
ROM Address Data Space 
Data Space Read Operand 
Addressed Execute Instruction 

Decode Opcode 
Idle 
Read Operand 
Execute Instruction 

Decode Opcode ROM Read Reg1ster Address Data Space 
Read Immediate 
Operand not Ad-

Wnte Operand To Reg. dressed 

Decode Opcode 
Read Reg1ster Address ROM 
Read lmmed1ate Data Space 
Operand Addressed 
Wnte Operand To Reg 

Decode Opcode 
Def1ne Data Space Add 
Read Operand 
Execute InstructiOn 
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ST62 & ST63 INSTRUCTION SET (Continued) 

Table 10. Instruction Set Cycle-by-Cycle Summary (Continued) 

Instruction Cycles Cycles(#) Address Bus Data Bus 

Other Instructions 

1 Opcode Address(') 

CALL 4 2 Opcode Address + 1 
3 Opcode Address+ 1 
4 Opcode Address +2(') 

1 Opcode Address(') 

COM 4 2 Ope ode Address+ 1 
3 Ope ode Address+ 1 
4 Ope ode Address+ 1 

INTERRUPT 1 1 Next opcode address 

1 Opcode Address(') 

JP 4 2 opcode Address+ 1 
3 opcode Address+ 1 
4 opcode Address +2 

JRC, JRNC, 2 1 Opcode Address(') 
JRZ, JRNZ 2 Opcode Address + 1 

1 Opcode Address(') 
2 Opcode Address+ 1 (') 

JRR, JRS 5 3 Opccr'e Address +2(') 
4 Opcode Address +2(') 
5 Opcode Address +3(') 

1 Opcode Address(') 
2 Opcode Address+ 1 (') 

JRR, JRS 5 3 Data Space Rom Add.(#) 
4 Opcode Address +2(') 
5 Data Space Rom Add (#) 

RET 2 
1 Opcode Address(') 
2 Return Address 

1 Ope ode Address(') RET I 2 2 Return Address 

1 Opcode Address(') 

RLC 4 2 Opcode Address+ 1 
3 Opcode Address+ 1 
4 Opcode Address+ 1 

STOP, WAIT 2 1 Opcode Address(') 
2 Opcode Address+ 1 

Notes· '. Valtd only at the beginntng of the cycle 
# Valtd only unttl t18 of the cycle 

Opcode (') 
Subroutine Address 
Subroutine Address 
Next lnstruct1on 

Opcode (') 
Next Opcode 
Next Opcode 
Next Opcode 

Next Opcode (') 

Opcode (') 
Jump Address 
Followtng lnstr 
Followtng lnstr (') 

Opcode (') 
Followmg lnstr. 

Opcode (') 
Operand Address (') 
Branch Value 
Branch Value (') 
Followtng lnstr. 

Opcode (') 
Operand Address (') 
Rom Data(#) 
Branch Value (") 
Rom Data(#) 

Opcode (') 
Next Opcode 

Opcode (') 
Next Opcode 

Opcode (') 
Next Opcode 
Next Opcode 
Next Opcode 

Opcode (') 
Next Opcode 

CPU Activity Notes 

Decode Opcode 
Increment Stack Pomter 
Push Return Address 
Calculate Subrouttne 
Add. 

Decode Opcode 
Calculate Ace. Address 
Read Accumulator 
Complement Accumula-
tor 

Calculate Interrupt Add 
Push Return Address Note 1 
Swttch Flag Set 

Decode Opcode 
Idle 
Read Jump Address 
Calculate Jump Address 

Decode Opcode 
Calculate Offset 

Decode Opcode 
Read Operand ROM 
Test Operand Data Space 
Fetch Branch Value not Addressed 
Calculate New Address 

Decode Opcode 
Read Operand ROM 
Test Operand Data Space 
Fetch Branch Value Addressed 
Calculate New Address 

Decode Opcode 
Pop Return Address 

Decode Opcode 
Pop Return Address 
Swttch Flag Set 

Decode Opcode 
Calculate Ace. Address 
Read Accumulator 
Shtfted 

Decode Opcode 
Stop/Wait the Oscillator 

1. Add oscillator butld up ttme plus 16 oscillator clocks if a stop instructton has been executed before the interrupt occured 
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Mnemonic: 

Function: 

Description: 

Operation: 

Instruction Format 

ADDdst,src 

ADDA,A 

ADDA,X 

ADDA,Y 

ADDA,V 

ADDA,W 

ADDA,(X) 

ADDA,(Y) 

ADDA,rr 

Notes: 

ST62,63 Instruction Set Description 

ADD 
Addition 

ADD 

Addition 

The contents of the source byte is added to the accumulator leaving the result in 
the accumulator. The source register remains unaltered. 

dst ~ dst + src 

The destination must be the accumulator. 

Opcode (Hex) Bytes Cycles Flags 

z c 
5F FF 2 4 !'J. !'J. 

5F 80 2 4 !'J. D 

5F 81 2 4 !'J. D 

5F 82 2 4 !'J. D 

5F 83 2 4 !'J. D 

47 1 4 !'J. D 

4F 1 4 !'J. D 

5F rr 2 4 !'J. D 

rr. 1 Byte dataspace address. 
ll: Z IS set if the result IS zero. Cleared otherw1se. 

C IS cleared before the operation and than set 1f there 1s an overflow from the S·blt result 

Example: If data space register 22H contains the value 33H and the accumulator holds the 
value 20H then the instruction, 

ADDA,22H 

will cause the accumulator to hold 53H (i.e. 33+20). 

Addressing Modes: Source: Direct, Indirect 

Destination: Accumulator 
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ST62,63 Instruction Set Description 

ADD I 
Addition Immediate 

Mnemonic: ADDI 

Function: Addition Immediate 

Description: The immediately addressed data (source) is added to the accumulator leaving the 
result in the accumulator. 

Operation: dst f- dst + src 

The destination must be the accumulator. 

Instruction Format Opcode (Hex) Bytes Cycles 

ADD I dst,src 

ADDIA,nn 57 nn 2 4 

Noles: 
nn. 1 Byte 1m mediate data 
t;· Z 1s set 1f result 1s zero Cleared otherwise 

C IS cleared before the operallon and than set If there IS an overflow from the 8-bit result 

Example: If the accumulator holds the value 20H then the instruction, 

ADDIA,22H 

will cause the accumulator to hold 42H (i.e. 22+20). 

Addressing Modes: Source: Immediate 
Destination: Accumulator 

Flags 

z I c 
!l I !l 
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Mnemonic: 

Function: 

Description: 

Operation: 

Ins!. Format 

AND dst,src 

ANDA,A 

ANDA,X 

ANDA,Y 

ANDA,V 

ANDA,W 

ANDA,(X) 

ANDA,(Y) 

ANDA,rr 

Notes: 

ST62,63 Instruction Set Description 

AND 
Logical AND 

AND 

Logical AND 

This instruction logically ANDs the source register and the accumulator. The result 
is left in the destination register and the source is unaltered. 

dst f-src AND dst 

The destination must be the accumulator. 

OPCODE (Hex) Bytes Cycles Flags 

z c 
BF FF 2 4 .6. * 

BF 80 2 4 .6. . 
BF 81 2 4 .6. . 
BF 82 2 4 .6. * 

BF 83 2 4 .6. . 
A7 1 4 .6. * 

AF 1 4 .6. * 

BF rr 2 4 .6. * 

rr. 1 Byte dataspace address 
•. C 1s unaffected 
C.. Z 1s set 1f the result IS zero. Cleared otherw1se. 

Example: If data space register 54H contains the binary value 1111 0000 and the 
accumulator contains the binary value 11 001100 then the instruction, 

ANDA,54H 

will cause the accumulator to be altered to 11 000000. 

Addressing Modes: Source: Direct, Indirect:-' 

Destination: Accumulator 
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ST62,63 Instruction Set Description 

AND I 
Logical AND Immediate 

Mnemonic: AND I 

Function: Logical AND Immediate 

Description: This instruction logically ANDs the immediate data byte and the accumulator. 
The result is left in the accumulator. 

Operation: dst ~ src AND dst 

The source is immediate data and the destination must be the accumulator. 

lnst. Format OPCODE (Hex) Bytes Cycles Flags 

AND I dst,src z I 
ANDIA,nn 87 nn 2 4 L'> I 

Notes: 
nn 1 Byte 1mmed1ate data 
• C IS unaffected 
t. Z IS set If the result IS zero Cleared otherw1se 

Example: If the accumulator contains the binary value 00001111 then the instruction, 

ANDI A,33H 

will cause the accumulator to hold the value 00000011. 

Addressing Modes: Source: Immediate 

Destination: Accumulator 

c . 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

CALLdst 

CALL abc 

Notes: 

ST62,63 Instruction Set Description 

CALL 
Call Subroutine 

CALL 

Call Subroutine 

The CALL instruction is used to call a subroutine. It "pushes" the current contents 
of the program counter (PC) onto the top of the stack. The specified destination 
address is then loaded into the PC and points to the first instruction of a procedure. 
At the end of the procedure a RETurn instruction can be used to return to the 
original program flow. RET pops the top of the stack back into the PC. 
Because the ST6 stack is 4 levels deep (ST60) and 6 levels deep (ST62,ST63), 
a maximum of four/six calls or interrupts may be nested. If more calls are nested, 
the PC values stacked latest will be lost. In this case returns will return to the PC 
values stacked first. 

PC f-. dst; Top of stack f-. PC 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
c0001 ab 2 4 I . 

abc the three half bytes of a twelve bit address. the start location of the subroutine 
· c.z not affected 

Example: If the current PC is 345H then the instruction, 

CALL8DCH 

The current PC 345H is pushed onto the top of the stack and the PC will be loaded 
with the value 8DCH. The next instruction to be executed will be the instruction at 
8DCH, the first instruction of the called subroutine. 

Addressing Modes: Extended 
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ST62,63 Instruction Set Description 

CLR 
Clear 

Mnemonic: CLR 

Function: Clear 

Description: The destination register is cleared to DOH. 

Operation: dst f-. 0 

lnst. Format 

CLR dst 

CLRA 

CLR X 

CLRY 

CLRV 

CLRW 

CLR rr 

Notes: 
rr 1 Byte dataspace address 
L'l C,Zset 
•. C,Z unaffected 

OPCDE(Hex) 

DF FF 

OD 80 00 

OD 81 00 

OD 82 00 

OD 83 00 

OD rrOO 

Bytes 

2 

3 

3 

3 

3 

3 

Cycles 

4 

4 

4 

4 

4 

4 

Example: If data space register 22H contains the value 33H, 

CLR 22H 

will cause register 22H to hold DOH. 

Addressing Modes: Direct 

Flags 

z c 
[, [, . . 
. . 
. . . . 
. . 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

COMdst 

COMA 

Note: 

ST62,63 Instruction Set Description 

COM 
Complement 

COM 

Complement 

This instruction complements each bit of the accumulator; all bits which are set to 
1 are cleared to 0 and vice-versa. 

dst~ NOTdst 

The destination must be the accumulator. 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
2D 1 4 £,. I £,. 

.1.: Z is set if the result is zero. Cleared otherwise. 
C will contam the value of the MSB before the operation. 

Example: If the accumulator contains the binary value 10111001 then the instruction 

COMA 

will cause the accumulator to be changed to 01000110 and the carry flag to be set 
(since the original MSB was 1 ). 

Addressing Modes: Inherent 
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ST62,63 Instruction Set Description 

CP 
Compare 

Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

CP dst,src 

CPA,A 

CPA,X 

CPA,Y 

CPA,V 

CPA,W 

CPA,(X) 

CPA,(Y) 

CPA,rr 

CP 

Compare 

This instruction compares the source byte (subtracted from) with the destination 
byte, which must be the accumulator. The carry and zero flags record the result of 
this comparison. 

dst- src 

The destination must be the accumulator, but it will not be changed. 

OPCODE (Hex) Bytes Cycles Flags 

z c 
3F FF 2 4 /). /). 

3F 80 2 4 /). /). 

3F 81 2 4 /). /). 

3F 82 2 4 /). /). 

3F 83 2 4 /). /). 

27 1 4 /). /). 

2F 1 4 /). /). 

3F rr 2 4 /). /). 

Note: rr 1 Byte dataspace address 

STGO 

ST62/63 

Example: 

L'l: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace ~ src, cleared if Ace < src. 

L'l: Z is set if the result is zero. Cleared otehrwise. 

C is set if Ace < src, cleared if Ace ~ src. 

If the accumulator contains the value 11111000 and the register 34H contains the 
value 000111 00 then the instruction, 

CPA,34H 

will clear the Zero flag Z and set the Carry flag C, indicating that Ace~ src (on ST60) 

Addressing Modes: Source: Direct, Indirect 

Destination: Accumulator 
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Mnemonic: 

Function: 

Description: 

Operation·: 

lnst. Format 

CPI dst,src 

CPIA,nn 

ST62,63 Instruction Set Description 

CPI 
Compare Immediate 

CPI 

Compare Immediate 

This instruction compares the immediately addressed source byte (subtracted from) 
with the destination byte, which must be the accumulator. The carry and zero flags 
record the result of this comparison. 

dst-src 

The source must be the immediately addressed data and the destination must be 
the accumulator, that will not be changed. 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
37 nn 2 4 L'l I L'l 

Note: nn 1 Byte tmmedtate data. 

ST60 

ST62/63 

Example: 

~: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace ~ src, cleared if Ace < src. 

~: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace < src, cleared if Ace ~ src. 

If the accumulator contains the value 11111000 then the instruction, 

CPI A,000111 OOB 

will clear the Zero flag Z and set the Carry flag C indicating that Ace~ src (on ST60). 

Addressing Modes: Source: Immediate 

Destination: Accumulator 
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ST62,63 Instruction Set Description 

DEC 
Decrement 

Mnemonica: DEC 

Function: Decrement 

Description: The destination register's contents are decremented by one. 

Operation: dst f.- dst-1 

Ins!. Format 

DEC dst 

DECA 

DECX 

DECY 

DEC V 

DECW 

DEC(X) 

DEC(Y) 

DEC rr 

Notes: 
rr. 1 Byte dataspace address 

Cis unaffected 

OPCODE (Hex) 

FF FF 

1D 

50 

9D 

DD 

E7 

EF 

FF rr 

.1 Z 1s set if the result is zero Cleared otherwise 

Bytes Cycles 

2 4 

1 4 

1 4 

j 4 

1 4 

1 4 

1 4 

2 4 

Flags 

z c 
Ll . 
Ll . 
Ll . 
Ll . 
Ll . 
Ll . 
Ll . 
Ll . 

Example: If the X register contains the value 45H and the data space register 45H contains 
the value 16H then the instruction, 

DEC (X) 

will cause data space register 45H to contain the value 15H. 

Addressing Modes: Short direct, Direct, Indirect. 
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ST62,63 Instruction Set Description 

Mnemonic: INC 

Function: Increment 

Description: The destination register's contents are incremented by one. 

Operation: dst ~ dst+1 

lnst. Format 

INCdst 

INCA 

INC X 

INCY 

INCV 

INCW 

INC(X) 

INC(Y) 

INCrr 

Notes: 
rr. 1 Byte dataspace address 
* C 1s unaffected 

OPCODE (Hex) 

7FFF 

15 

55 

95 

05 

67 

6F 

7Frr 

!!.. Z IS set 1f the result is zero. Cleared otherwise 

Bytes Cycles 

2 4 

1 4 

1 4 

1 4 

1 4 

1 4 

1 4 

2 4 

INC 
Increment 

Flags 

z c 
!'J. * 

!'J. * 

!'J. * 

!'J. * 

!'J. * 

!'J. * 

!'J. * 

!'J. * 

Example: If the X register contains the value 45H and the data space register 45H contains 
the value 16H then the instruction 

INC(X) 

will cause data space register 45H to contain the value 17H. 

Addressing Modes: Short direct, Direct, Indirect. 
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ST62,63 Instruction Set Description 

JP 
Jump 

Mnemonic: 

Function: 

Description: 

Operation: 

Ins!. Format 

JPdst 

JP abc 

Notes: 

JP 

Jump (Unconditional) 

The JP instruction replaces the PC value with a twelve bit value thus causing a 
simple jump to another location in the program memory. The previous PC value is 
lost, not stacked. 

PC ~dst 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
c1001 ab 2 4 * I * 

abc. the three half bytes of a twelve btl address 
• C,Z not affected 

Example: The instruction, 

JP 5CDH 

will cause the PC to be loaded with 5CDH and the program will continue from that 
location. 

Addressing Modes: Extended 
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Mnemonic: 

Function: 

Description: 

Operation: 

Ins!. Format 

JRCe 

Notes: 

ST62,63 Instruction Set Description 

JRC 
Jump Relative on Carry Flag 

JRC 

Jump Relative on Carry Flag 

This instruction causes the carry (C) flag to be tested and if this flag is set then a 
jump is performed within the program memory. This jump is in the range -15 to + 16 
and is relative to the PC value. The displacements is of five bits. If C=O than the 
next instruction is executed. 

If C=1, PC f- PC + e 

where e= 5 bit displacement 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
e110 1 2 . I . 

e 5 b1t displacement 1n the range -15 to + 16 
• C,Z not affected 

Example: If the carry flag is set then the instruction, 

JRC +8 

will cause a branch forward to PC+8. The user can use labels as indentifiers and 
the assembler will automatically allow the jump if it is in the range -15 to+ 16. 

Addressing Modes: Program Counter Relative 
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S'r62,63 Instruction Set Description 

JRNC 
Jump Relative on Non Carry Flag 

Mnemonic: JRNC 

Function: Jump Relative on Non Carry Flag 

Description: This instruction causes the carry (C) flag to be tested and if this flag is cleared to 
zero then a jump is performed within the program memory. This jump is in the 
range -15 to+ 16 and is relative to the PC value. The dispacement is of five bits. 
If C=1 then the next instruction is executed. 

Operation: If C=O, PC ~ PC + e 

where e= 5 bit displacement 

lnst. Format OPCODE (Hex) Bytes 

JRNCe e010 1 

Notes: 
e. 5 bit displacement in the range ·15 to+ 16 
*: C.Z not affected 

Example: If the carry flag is cleared then the instruction, 

JRNC -5 

Cycles F;lags 

z I c 
2 . I . 

will cause a branch backward to PC-5. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to+ 16. 

Addressing Modes: Program Counter Relative 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

JRNZe 

Notes: 

ST62,63 Instruction Set Description 

JRNZ 
Jump Relative on Non Zero Flag 

JRNZ 

Jump Relative on Non Zero Flag 

This instruction causes the zero (Z) flag to be tested and if this flag is cleared to 
zero then a jump is performed within the program memory. This jump is in the 
range -15 to + 16 and is relative to the PC value. The displacement is of five bits. 
If Z=1 then the next instruction is executed. 

If Z=O, PC f-- PC + e 

where e= 5 bit displacement 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
eOOO 1 2 . I . 

e. 5 b1t displacement in the range -15 to+ 16 
•. C,Z not affected 

Example: If the zero flag is cleared then the instruction, 

JRNZ -5 

will cause a branch backward to PC-5. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to+ 16. 

Addressing Modes: Program Counter Relative 
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ST62,63 Instruction Set Description 

JRR 
Jump Relative if Reset 

Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

JRR b,rr,ee 

Notes: 
b 3 bit-address 

JRR 

Jump Relative if RESET 

This instruction causes a specified bit in a given dataspace register to be tested. 
If this bit is reset (=0) then the PC value will be changed and a relative jump will be 
performed within the program. The relative jump range is -126 to+ 129. If the 
tested bit is not reset then the next instruction is executed. 

If bit=O, PC f- PC + ee 

where ee= 8 bit displacement 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
b00011 rr ee 3 5 . I /',. 

rr 1 Byte dataspace address 
ee 8 b1t displacement 1n the range -126 to + 129 

. Z IS not affected 
11 The tested b1t IS sh1fted mto carry 

Example: If bit 4 of dataspace register ?OH is reset and the PC=110 then the instruction, 

JRR 4, 70H, -20 

will cause the PC to be changed to 90 (11 0-20) and the instruction starting at that 
address in the program memory to be the next instruction executed. 

The user is advised to use labels for conditional jumps. The relative jump will be 
calculated by the assembler. The jump must be in the range -126 to+ 129. 

Addressing Modes: Bit Test 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Formal 

JRS b,rr,ee 

Notes: 
b 3 bit-address 

ST62,63 Instruction Set Description 

JRS 
Jump Relative if Set 

JRS 

Jump Relative if set 

This instruction causes a specified bit in a given dataspace register to be tested. 
If this bit is set (=1) then the PC value will be changed and a relative jump will be 
performed within the program. The relative jump range is -126 to + 129. If the 
tested bit is not set then the next instruction is executed .. 

If bit=1, PC~ PC+ ee 

where ee= 8 bit displacement 

OPCODE (Hex) 

b10011 rr ee 

Bytes Cycles 

3 5 

Flags 

z I c . I t:. 

rr 1 Byte dataspace address 
ee. 8 bit displacement 1n the range -126 to + 129 

Z is not affected 
!!. The tested b1t 1s shifted mto carry. 

Example: If bit 7 of dataspace register AFH is set and the PC=123 then the instruction, 

JRS 7,AFH,+25 

will cause the PC to be changed to 148 (123+25) and the instruction starting at 
that address in the program memory to be the next instruction executed. 

The user is advised to use labels for conditional jumps. The relative jump will be 
calculated by the assembler. The jump rnust be in the range -126 to + 129. 

Addressing Modes: Bit Test 
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ST62,63 Instruction Set Description 

JRZ 
Jump Relative on Zero Flag 

Mnemonic: JRZ 

Function: Jump Relative on Zero Flag 

Description: This instruction causes the zero (Z) flag to be tested and if this flag is set to one 
then a jump is performed within the program memory. This jump is in the range 
-15 to + 16 and is relative to the PC value. The displacement is of five bits. 
If Z=O then next instruction is executed. 

Operation: If Z=1, PC f- Pq + e 

where e= 5 bit displacement 

lnst. Format OPCODE (Hex) Bytes 

JRZe e100 1 

Notes: 
e. 5 bit displacement in the range -15 to+ 16. 
•. C,Z not affected 

Example: If the zero flag is set then the instruction, 

JRZ+B 

Cycles Flags· 

z I c 
2 . I . 

will cause a branch forward to PC+B. The user can use labels as identifiers and 
the assembler will automatically allow the jump if it is in the range -15 to+ 16. 

Addressing Modes: Program Counter Relative 
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Mnemonic: 

Function: 

Description: 

Operation: 

Ins!. Format 

LD dst,src 

LDA,X 

LDA,Y 

LDA,V 

LDA,W 

LDX,A 

LDY,A 

LDV,A 

LDW,A 

LDA,(X) 

LD(X),A 

LDA,(Y) 

LD(Y),A 

LDA,rr 

LDrr,A 

Notes: 

ST62,63 Instruction Set Description 

LD 
Load 

LD 

Load 

The contents of the source register are loaded into the destination register. 
The source register remains unaltered and the previous contents of the destination 
register are lost. 

dst f- src 

Either the source or the destination must be the accumulator. 

OPCODE (Hex) Bytes Cycles Flags 

z c 
35 1 4 ~ 

. 
75 1 4 ~ 

. 
85 1 4 ~ 

. 
.F5 1 4 ~ 

. 
3D 1 4 ~ 

. 
70 1 4 ~ 

. 
BD 1 4 ~ 

. 
FD 1 4 ~ 

. 
07 1 4 ~ 

. 
87 1 4 ~ 

. 
OF 1 4 ~ 

. 
'SF 1 4 ~ 

. 
1Frr 2 4 ~ 

. 
9F rr 2 4 ~ 

. 
rr. 1 Byte dataspace address 
. C not affected 

{',. Z IS set1f the result 1s zero. Cleared otherwise 

Example: If data space register 34H contains the value 45H then the instruction; 

LDA,34H 

will cause the accumulator to be loaded with the value 45H. Register 34H will keep 
the value 45H. 

Addressing Modes: Source: Direct, Short Direct, Indirect 

Destination: Direct, Short Direct, Indirect 
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ST62,63 Instruction Set Description 

LDI 
Load Immediate 

Mnemonic: LDI 

Function: Load Immediate 

Description: The immediately addressed data (source) is loaded into the destination data space 
register. 

Operation: dst ~ src 

The source is always an immecUate data while the destination can be the 
accumulator, one of the X,Y,V,W registers or one of the available data space 
registers. 

lnst. Format OPCODE (Hex) 

LDI dst,src 

LDI A,nn 17 nn 

LDI X,nn OD 80 nn 

LDI Y,nn OD 81 nn 

LDI V,nn OD 82 nn 

LDI W,nn OD 83 nn 

LDI rr,nn OD rr nn 

Notes: 
rr. 1 By1e da1aspace address 
nn 1 By1e immediate value 

Z, C not affected 
t. Z IS set 1f the result IS zero Cleared otherwise. 

Example: The instruction 

LDI34H,45H 

Bytes Cycles Flags 

z 
2 4 ~ 

3 4 . 
3 4 . 
3 4 . 
3 4 . 
3 4 . 

will cause the value 45H to be loaded into data register at location 34H. 

Addressing Modes: Source: Immediate 

Destination: Direct 

c . 
. 
. 
. . 
. 
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ST62,63 Instruction Set Description 

NOP 
No Operation 

Mnemonic: NOP 

Function: No Operation 

Description: No action is performed by this instruction. It is typically used for timing delay. 

Operation: No Operation 

lnst. Format OPCODE (Hex) Bytes Cycles Flags 

z I c 
NOP 04 1 2 . I . 

Note: • C.Z not affected 

Addressing Modes: Program Counter Relative 
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ST62,63 Instruction Set Description 

RES 
Reset Bit 

Mnemonic: RES 

Function: Reset Bit 

Description: The RESET instruction is used to reset a specified bit in a given register in the data 
space. 

Operation: dst (h)~ 0, 0:::; n:::; 7 

lnst. Format 

RES bit,dst 

RES b,A 

RESb,rr 

Notes: 
b. 3 bit·address 
rr. 1 Byte dataspace address 

C,Z not affected 

OPCODE (Hex) 

b01011 FF 

b01011 rr 

Bytes Cycles Flags 

z 
2 4 * 

2 4 * 

Example: If register 23H of the dataspace contains 11111111 then the instruction, 

RES 4,23H 

will cause register 23H to hold 11101111. 

Addressing Modes: Bit Direct 

c 
* 

* 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

RET 

Note:·. C,Z not affected 

Example: 

ST62,63 Instruction Set Description 

RET 
Return from Subroutine 

RET 

Return From Subroutine 

This instruction is normally used at the end of a subroutine to return to the 
previously executed procedure. The previously stacked program counter (stacked 
during CALL) is popped back from the stack. The next statement executed is that 
addressed by the new contents of the PC. If the stack had already reached its 
highest level (no more PC stacked) before the RET is executed, program execution 
will be continued at the next instruction after the RET. 

PC f- Stacked PC 

OPCODE (Hex) Bytes Cycles Flags 

z J c 
CD 1 2 . I . 

If the current PC value is 456H and the PC value at the top of the stack is 3DFH 
then the instruction, 

RET 

will cause the PC value 456H to be lost and the current PC value to be 3DFH. 

Addressing Modes: Inherent 
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ST62,63 Instruction Set Description 

RET I 
Return from Interrupt 

Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

RET I 

RET I 

Return from Interrupt 

This instruction marks the end of the interrupt service routine and returns the 
ST60/62/63 to the state it was in before the interrupt. It "pops" the top (last in) PC 
value from the stack into the current PC. This instruction also causes the 
ST60/62/63 to switch from the interrupt flags to the normal flags. The RET I 
instruction also applies to the end of NMI routine for ST62/63 devices; in this case 
the instruction causes the switch from NMI flags to normal flags (if NMI was 
acknowledged inside a normal routine) or to standard interrupt flags (if NMI was 
acknowledged inside a standard interrupt service routine). 

In addition the RETI instruction also clears the interrupt mask (also NMI mask for 
ST62/63) which was set when the interrupt occurred. If the stack had already 
reached its highest level (no more PC stacked) before the RETI is executed, 
program execution will be continued with the next instruction after the RETI. 
Because the ST60 is in interrupt mode after reset (NMI mode for ST62163), RETI 
has to be executed to switch to normal flags and enable interrupts at the end of the 
starting routine. If no call was executed during the starting routine, program 
execution will continue with the instruction after the RETI (supposed no interrupt is 
active). 

Actual Flags f- Normal Flags (1) 

PC f- Stacked PC 

IM~O 

(1) Standard Interrupt flags if NMI was acknowledged inside a standard interrupt 

service (ST62/63 only). 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
40 1 2 !!.. I !!.. 

Note:!!.. c.z normal flag ~111 be used from now on 

Example: If the current PC value is 456H and the PC value at the top of the stack is 3DFH 
then the instruction 

RET I 

will cause the value 456H to be lost and the current PC value to be 3DFH. 
The ST6 will switch from interrupt flags to normal flags and the interrupt mask is 
cleared. 

Addressing Modes: Inherent 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

RLCA 

ST62,63 Instruction Set Description 

RLC 
Rotate Left Through Carry 

RLC 

Rotate Left through Carry 

This instruction moves each bit in the accumulator one place to the left 
(i.e. towards the MSBit. The MSBit (bit 7) is moved into the carry flag and the carry 
flag is moved into the LSBit (bi!O) of the accumulator. 

L b7 bO 

0~< __ ___, ACCUMULATOR If-<---' 

dst(O) ~ C 

C ~dst(7) 

dst(n+1) ~ dst(n), 0::::; n::::; 6 

This instruction can only be performed on the accumulator. 

OPCODE (Hex) Bytes Cycles 

AD 1 4 

Flags 

z I c 
l'l I l'l 

Note : l'l: Z IS set 1f the result is zero Cleared otherwise 
C Will conta1n the value of the MSB before the operation 

Example: If the accumulator contains the binary value 1 0001 001 and the carry flag is set to 
0 then the instruction, 

RLCA 

will cause the acCUJTlUlator to have the binary value 0001 0010 and the carry flag to 
be set to 1. 

Addressing Modes: Inherent 
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ST62,63 Instruction Set Description 

SET 
Set Bit 

Mnemonic: SET 

Function: Set Bit 

Description: The SET instruction is used to set a specified bit in a given register in the data 
space. 

Operation: dst (n) ~ 1, 0 ~ n ~ 7 

Ins!. Format 

SETbit,dst 

SETb,A 

SET b,rr 

Notes: 
b 3 bit-address 
rr. 1 Byte dataspace address 
•. C,Z not affected 

OPCODE (Hex) 

b11011 FF 

b11011 rr 

Bytes Cycles Flags 

z 
2 4 . 
2 4 . 

Example: If register 23H of the dataspace contains 00000000 then the instruction, 

SET 4,23H 

will cause register 23H to hold 0001 0000. 

Addressing Modes: Bit Direct 

c . 
. 
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Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

SLAA 

ST62,63 Instruction Set Description 

SLA 
Shift Left Accumulator 

SLA 

Shift Left Accumulator 

This instruction implements an addition of the accumulator to itself (i.e a doubling 
of the accumulator) causing an arithmetic left shift of the value in the register. 

ADDA,FFH 

This instruction can only be performed on the accumulator. 

OPCPDE (Hex) Bytes Cycles Flags 

z I c 
SFFF 2 4 ~ I ~ 

Note: 11 Z IS sell! the result1s zero Cleared otherw1se 
C will conta1n the value of the MSB before the operation. 

Example: If the accumulator contains the binary value 110011 01 then the instruction, 

SLAA 

will cause the accumulator to have the binary value 10011010 and the carry flag 
to be set to 1 . 

Addressing Modes: Inherent 
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ST62,63 Instruction Set Description 

STOP 
Stop Operation 

Mnemonic: 

Function: 

Description: 

Operation: 

lnst. Format 

STOP 

Note : ·: C,Z not affected 

Addressing Mode: 

STOP 

Stop operation 

This instruction is used for putting the ST60/62/63 into a stand-by mode in which 
the power consumption is reduced to a minimum. All the on-chip peripherals and 
oscillator are stopped (for some peripherals,A/D for example, it is necessary to 
individually turn-off the macrocell before entering the STOP instruction). To restart 
the processor an external interrupt or a reset is needed. 

Stop Processor 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
60 1 2 . I . 

Inherent 
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ST62,63 Instruction Set Description 

SUB 
Subtraction 

Mnemonic: SUB 

Function: Subtraction 

Description: This instruction subtracts the source value from the destination value. 

Operation: dst f-dst-src 

The destination must be the accumulator. 

lnst. Format OPCODE (Hex) Bytes Cycles Flags 

sus·ctst,src z c 
SUBA,A DFFF 2 4 /:!,. /:!,. 

SUBA,X DFBO 2 4 /:!,. /:!,. 

SUBA,Y DF81 2 4 /:!,. /:!,. 

SUBA,V DF82 2 4 /:!,. /:!,. 

SUBA,W DF83 2 4 /:!,. /:!,. 

SUBA,(X) C7 1 4 /:!,. /:!,. 

SUBA,(Y) CF 1 4 /:!,. /:!,. 

SUBA,rr DFrr 2 4 /:!,. /:!,. 

Note: rr.1 Byte dataspace address 

ST60 

ST62/63 

Example: 

A: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace~ src, cleared if Ace < src. 

~: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace < src, cleared if Ace ~ src. 

If the Y register contains the value 23H, dataspace register 23H contains the value 
53H and the accumulator contains the value 78H then the instruction, 

SUBA,(Y) 

will cause the accumulator to hold the value 25H (i.e. 78-53). The zero flag is 
cleared and the carry flag is set (on ST60), indicating that result is> 0. 

Addressing Modes: Source: Indirect, Direct 

Destination: AccLJmulator 

41/43 
---------------------------- ~~~@~~~~~ -----------------------------101 



ST62,63 Instruction Set Description 

SUB I 
Subtraction Immediate 

Mnemonic: 

Function: 

Description: 

Operation: 

r---
Inst. Format 

SUB I dst,src 

SUBI A.nn 

SUB I 

Subtraction Immediate 

This instruction causes the immediately addressed source data to be subtracted 
from the accumulator. 

dst ~ dst - src 

The destination must be the accumulator. 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
07 nn 2 4 ~ I ~ 

Note: nn 1 Byte of immed1ate data 

ST60 

ST62/63 

Example: 

~: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace ;:: src, cleared if Ace < src. 

~: Z is set if the result is zero. Cleared otherwise. 

C is set if Ace < src, cleared if Ace ;:: src. 

If the accumulator contains the value 56H then the instruction, 

SUBI A,25 

will cause the accumulator to contain the value 31 H. The zero flag is cleared and 
the carry flag is set (on ST60), indicating that the result is > 0. 

Addressing Modes: Source: Immediate 

Destination: Accumulator 
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Mnemonic: 

!=unction: 

Description: 

Operation: 

lnst. Format 

WAIT 

Note : •. C,Z not affected 

ST62,63 Instruction Set Description 

WAIT 
Wait Processor 

WAIT 

Wait Processor 

This instruction is used for putting the ST60/62/63 into a stand-by mode in which 
the power consumption is reduced to a minimum. Instruction execution is stopped, 
but the oscillator and some on-chip peripherals continue to work. To restart the 
processor an interrupt from an active on-chip peripheral (eg. timer), an external 
interrupt or reset is needed. For on-chip peripherals active during wait, see 
ST60/62/63 data sheets. 

Put ST6 in stand-by mode 

OPCODE (Hex) Bytes Cycles Flags 

z I c 
ED 1 2 I 

. 

Addressing Modes: Inherent 
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AIPIPl~CAl~ON !NOliE 

POWER CONTROL WITH ST621 0 MCU AND TRIAC 

INTRODUCTION 

Microcontroller (MCU) systems are progressively 
replacing analog controllers even in low cost appli
cations. They are more flexible, provide a faster 
time to market and need few components. 

With an analog IC, the designer is limited to a fixed 
function frozen inside the device. With a DIAC 
control, features such as sensor feedback or en
hanced motor drive can not be implemented. With 
the MCU proposed in this note (ST621 0), the de
signer can implement his own ideas and test them 
directly using EPROM or One Time Programmable 
(OTP) versions. 

The LOGIC LEVEL triac BTA08-600SW is a good 
complement to this MCU for low cost off-line power 
applications. This triac requires a low gate current, 
and can be directly triggered by the MCU, while still 
maintaining a high switching capability. 

This application note describes the main aspects 
of a highly flexible, low cost power application 
designed around an ST6210 MCU and a LOGIC 
LEVEL triac. 

ltne~ 

Neutral~~ 

~ 

Philippe RABIER - Laurent PERIER 

BOARD OPERATION 

Basic function 

Light dimmers with DIAC or analog controllers are 
currently used today. These circuits have the disa
vantage that they can not easily drive inductive 
loads like halogen lamps on the secondary of a 
220V/12V transformer. They are also limited in the 
choice of user interfaces. 

A light dimmer circuit, supplied directly from the 
110V/240V mains, has been realized using a MCU 
ST6210 and a LOGIC LEVEL triac. This circuit 
drives both resistive and inductive loads (e.g. ha
logen or incandescent lamps, transformers). The 
control method is such that the same board can 
drive a universal motor. The user interface is either 
a touch sensor, a push button or a potentiometer. · 
The board contains a minimum of components 
therefore saving cost and space. The auxiliary sup
ply is derived from the voltage across the triac. 

Power control 

The output power is controlled by the phase delay 
of the triac drive. In classical designs, the delay is 
refered to the zero crossing of the line voltage. The 
detection of the zero voltage normally requires an 
additional connection to the mains neutral. In order 
to avoid this connection and connect the circuit 
directly in series with the load, the trigger delay is 
referred to the previous zero crossing of the current 
(fig.1 ). 

AN392/0591 1/9 
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APPLICATION NOTE 

BOARD OPERATION (Continued) 

Figure 1. The Power Control Is Based On The Monitoring Of The Zero Crossing Of The Current 

R L 

V line 

Mains synchronisation 

When the current in the triac is zero, the mains 
voltage is re-applied across the triac. Synchronisa
tion is achieved by measuring this voltage. This 
voltage is monitored in each halfwave, which allows 
the detection of spurious open load conditions. The 
triac is retrigged with multipulse operation if it is not 
latched after the first gate pulse. 

Changing operation from 50Hz to 60Hz can be 
achieved by making simple modifications to the 
microcontroller EPROM/ROM table defining the 
triac conduction angle versus the power level. 

Operation with a transformer 

Low power halogen spots use low voltage lamps 
(12V typ.) usually supplied through a low voltage 
transformer. The light dimming of these lamps is 
simple with this circuit. 

A phase lag between current and voltage as high 
as 90 does not disturb the circuit because the 
control method is based only on monitoring the 
zero current crossing. 

Vpeak 2 Power 

2Z 

R,L 

R 

V line 

VAK 
lA 

td 

10 ms 

The risk of saturation of the transformer core is 
avoided because the controller includes the follow
ing features: 

At the start, the delay time between the first gate 
pulse and the synchronisation instant is greater 
than 5ms. This limits the induction in the transfor
mer and hence reduces the risk of saturation. 

Figure 2. First Gate Pulse Delay 

k ~ / gn 

V lme 

//-fu 
td I 

Saturation of the transformer at start IS avo1ded. 
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BOARD OPERATION (Continued) 

The circuit starts on a positive halfwave and stops 
on a negative halfwave (fig.3). So it starts with 
positive induction and stops after negative induc
tion has been applied. This helps to minimize the 
size of the magnetic material. 

Figure 3. Hysteresis Cycle in off/start/stop 
Phases 

B 

APPLICATION NOTE 

Triac drive 

The triac is multi-pulse driven. Therefore, inductive 
loads can be driven without the use of long pulse 
drives. As a result, the consumption on the +5V 
supply can be minimized and the supply circuit 
made very small. 

The pulse driving the triac is 50!1S long. The LOGIC 
LEVEL triac is driven in quadrants 011 and 0111 with 
a gate current of 20mA provided by two 1/0 bits of 
the ST621 0 in parallel. The LOGIC LEVEL triac 
has a maximum specified gate triggering current of 
10 mA at 25"C. 

Before supplying the first drive pulse, the triac 
voltage is tested. If no voltage is detected, a spuri
ous open load or a supply disconnection is as
sumed to have occured and the circuit is stopped. 

After the first driving pulse, the triac voltage is 
monitored again. If the triac is not ON, another 
pulse is sent. The same process can be repeated 

lmagn up to four times. Thereafter, if the triac is not ON, 
the circuit is switched off. 

STOP 

The timer is very precisely tuned in order to obtain 
precisely 10ms delay between two gate pulses. As 
a result, the triac is driven symetrically in both 
phases so continuous voltage in the transformer is 
avoided. 

The voltage across the triac is monitored in order 
to detect a spurious open load condition on the 
secondary of the transformer. 

The inrush current at the turn-on of a lamp (halogen 
or incandescent) is also reduced due to the soft 
start feature of the circuit (fig.8). 

User Interfaces 

There are three different user interfaces: a touch 
control, a push button or a potentiometer. Four 
modes can be selected on the board in order to 
define how the transmitted power is related to the 
user interface. 

Three modes operate with the touch sensor or the 
push button. Dimming is obtained when the sensor 
or the button is touched for more than 400 ms. If 
the touch duration is between 60 ms and 400 ms, 
the circuit is switched on or off. A contact of less 
than 60 ms has no effect. Modes 1 ,2,3 differ in the 
way the ouput power is influenced by the contact 
on the sensor or on the button. 

Mode 4 directly relates the transmitted power to the 
position of the potentiometer (fig.4). 

All modes include a soft start function. 



APPLICATION NOTE 

BOARD OPERATION (Continued) 

Figure 4. User Interface 

Sensor version 
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Mode4 
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> 400ms 

Mode 1 No effect Switched ON to full power or Same sense of variation as 
switched OFF previous action 

Mode2 No effect 
Switched ON to previous level or Opposite sense of variation to 

switched OFF previous action 

Mode3 No effect Switched ON to full power or Opposite sense of variation to 
switched OFF previous action 
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APPLICATION NOTE 

HARDWARE 

The circuit uses an 8 bit MCU ST621 0 and a LOGIC 
LEVEL triac directly driven by the MCU (fig.5). It 
operates with 3 user interfaces, 4 modes of oper
ation and 4 kinds of loads. When the board is 
dimming a resistive load, an RFI filter must be used 
in order to meet RFI standards (eg. VDE 875). 

The ST621 0 includes 2K ROM, 64 bytes RAM, an 
8bit A/D converter that can be connected to eight 
different inputs, 4 1/0 ports with 1 OmA sink current 
capability and a timer. Hysteresis protection is in
cluded in series with each 1/0 pin. The ST621 0 is 
packaged in PDIP or SMD packages. The ports, 
timer and interrupts configurations can be chosen 
by software, providing great flexibility. With 
EPROM and OTP versions, the equipment devel
opment and preproduction can be carried out di
rectly from the design lab thus providing a fast time 
to market. 

The LOGIC LEVEL triac (BTA08-600SW) has been 
especially designed to operate with MCUs. It is a 
sensitive triac (IGT=1 0 mA, IL=50 mA) !rigged in 
quadrants 011 and 0111. In this application it is driven 
by two 1/0 bits of the ST621 0 in parallel. This triac 
has high switching capabilities ([dl!dt]c=3.5 Alms), 
([dV/dt]c=50 V/!-Ls), so in this circuit, it can operate 
without a snubber. 

Total consumption of the board is less than 3mA 
with an 8MHz oscillator. The board receives its 
supply only when the triac is off. So a minimum off 
time of the triac (2ms) is necessary to ensure its 
supply. 

The 5V supply capacitance is mounted as near as 
possible to the MCU with very short interconnecting 
tracks in order to maximize the RFI/EMI immunity. 

The touch sensor is a voltage divider between line 
and neutral potentials. It operates when the supply 
of the circuit is connected at the line potential and 
not at the neutral. The user is protected from elec
trical shock by a very high impedance (1 OMQ ) 
connecting the sensor to the circuit. 

SOFTWARE 

All the features are included in a 700 byte program. 
More than 1 kbyte of ROM is available for additional 
features. The architecture of the software is modu
lar in order to provide maximum flexibility. 

The table relating the delay time to the power 
requirement contains 64 different levels. The con
duction time of the triac can vary from 2ms to 8ms. 
The user can easily adjust the minimum and maxi
mum power levels because the corresponding 
delay times change with smaller increments at the 
top and bottom of the table. 

The table can be easily modified in the 
ROM/EPROM space to meet different conditions 
e.g. 60Hz operation or varying loads. 

Software versions cover the four user interface 
modes of operation without hardware change. 

All inputs are digitally filtered, so that an input is 
valid only if it remains constant for 1 0!-!S or more. 
This reduces the number of passive components 
required. 

The mains supply carries disturbances (e.g. glit
ches, telecommand signals) which can disturb the 
triac drive and generate lamp flickering. For this 

Figure 6. Internal Timer Operation 

n 
y 

N 
Vtnac 

line synchro 

II II 
gate dnve 

4 ,1' 2 3 ;4,1; 2 t1mer modes 
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SOFTWARE (Continued) 

reason, the triac voltage is not used directly as the 
synchronisation parameter. The timing is carried 
out internally by the MCU timer. The period of 
operation can be slowly modified to follow the 
variations of the mains frequency but not the spuri
ous disturbances. The mains synchronization sig
nal is received every cycle. The corresponding 
mains period is measured and compared to the 
internal timer period. If a difference remains for a 
long time, the timer period is modified to follow the 
mains. This block acts like a low band filter which 
saves external filtering components. 
Each 50Hz period, the timer operation is separated 
in four steps (fig.6). The triac voltage synchronisa
tion can only be validated during phase 4. 
The software has been written with modular blocks 
(fig.?). It can be enlarged to other applications such 
as motor speed regulation, telecommand input or 
IR remote control with additional blocks. 

Figure 7. Major Steps of the Software 

Initialization 

Read version 
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Sensor acquisition 
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Calculation next delay 

Triac f1nng 
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Calculation next delay 

Triac finng 

Delay time td3 in timer 

Delay time td4 m timer 

APPLICATION NOTE 

PRACTICAL RESULTS 
Figure 8 shows the soft start operation with a 
halogen lamp operating from the secondary of a 
low voltage transformer and with a tungsten fila
ment lamp. 

Figure 8. Soft Start With Lamps 

Halogen lamp at the secondary of a transformer 

Tnac anode current 1 Nd1v 1 00msfd1v 

Figure 9. Universal Motor Drive 
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APPLICATION NOTE 

PRACTICAL RESULTS (Continued) 

Due to the soft start, the peak in-rush current is 
about 3 times the nominal current compared with 
1 0 to 15 times without soft start. This extends the 
lamp life time and prevents the input fuse from 
blowing. 

The figure 9 shows the current and voltage in a triac 
driving a universal motor. 

SUMMARY 

Microcontrollers (MCU) are in common use in most 
areas of electronics. They now penetrate the very 
cost sensitive arena of home appliance applica
tions. 

The application described in this paper shows that 
enhanced appliance circuits can be designed with 
fast prototyping time using a ST621 0 MCU and a 
BTA08-600SW LOGIC LEVEL triac. These circuits 
are low cost and provide more features with less 
components than classical solutions. 

The circuit presented is an enhanced light dimmer 
operating from the 120VI240V mains. It drives 

incandescent and halogen lamps supplied either 
directly from the mains or through a low voltage 
transformer. The same circuit can also drive a 
universal motor. It includes soft start and protection 
features. Different user interfaces can be chosen: 
touch sensor, push button or potentiometer. 

All this is achieved with only few components: a 
ST621 0 MCU in PDIPIPSO package with a BTA08-
600SW LOGIC LEVEL triac in T0220 package and 
some passive components. 

Additional features like presence detection, IR 
remote control, homebus interface, motor speed 
control or 60Hz operation can be implemented from 
the existing solution. 
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ANNEX : Choice of a triac driven by a MCU. 

When the software includes a soft start, the inrush 
current in the load and therefore the current rating 
in the triac can be reduced. 
When using a LOGIC LEVEL or a SNUBBERLESS 
triac the current rating of the triac can be reduced, 
keeping fast commutation characteristics. For in
stance, a LOGIC LEVEL triac BTA08-600SW can 
drive a 600W lamp and a SNUBBERLESS triac 
BTA 1 0-600BW a 1200W universal motor. 

LIGHT DIMMER 

Constraint 

Simple Dnve 

No flicker 

Max power on the load 

Max inrush current 

No flashing (ll 

Flash over (filament failure) 

APPLICATION NOTE 

LOGIC LEVEL triacs are optimized on the drive 
view point. Therefore they can be driven directly by 
the ST621X 1/0. 
SNUBBERLESS triacs are optimized on the power 
view point, so they can drive loads which generate 
very strong dynamic contraints. 
These triacs are specified in a way that their beha
viour can be pre-determined. The tables below 
present with two examples the relation between the 
major application constraints and the key parame
ters of the triac. 

Key parameters on a LOGIC LEVEL tnac 
BTAOB-600 SW 

IGT= 10mA- VGT= 1.5V 

IH = 25mA 

IRMS = BA 

(dl/dt)c = 4.5Aims 

hsM =BOA 

Note 1 :When the lamp rs cold (start or low lrght rntensrty), there must not be spunous turn·on of the trrac (flashrng) due to a hrgh commutatron 
dlldt 

UNIVERSAL MOTOR DRIVE 

Constraint Key parameters on a SNUBBERLESS tnac 
BTA10-600 BW 

Simple dnve IGT = 50mA - VGT = 1.5V 

Max. start current lrsM = 100A 
IRMS = 10A 

Max. power on the load 
(dl/dt)c = 9Aims 
dV/dt = 500Vi!!S 

Fuse sizing 12t = 50A2.s 
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Su1te 211, Edgecllff centre 
203-233, New South Head Road 
Tel (61-2) 327 39 22 
Telex 071 126911 TCAUS 
Telefax (61-2) 327 61 76 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852-5) 8615788 
Telex 60955 ESGIES HX 
Telefax (852-5) 8656589 

INDIA 

NEW DELHI110001 
LrasonOff1ce 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel 3715191 
Telex 031-66816 STMIIN 
Telefax 3715192 

MALAYSIA 

PULAU PINANG 10400 
4th Floor- Su1te 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Sh1nwon Buddrng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4821411 
Telex· RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

SALES OFFICES 

JAPAN 
TOKYO 108 
N1ssek1- Takanawa Bid 4F 
2-18-10Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 
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