




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































516040/41 

8 BIT HCMOS MCUs WITH AID CONVERTER & LCD DRIVER 

• 8-BIT ARCHITECTURE 
• STATIC HCMOS OPERATION 
• 3.0 TO 6.0 V SUPPLY OPERATING RANGE 
• 3.25US TCYCLE (with 4 MHz clock) 
• RUN, WAIT & STOP MODES 
• USER ROM : 3876 BYTES 
• RESERVED ROM : 220 BYTES 
• DATA ROM: 64 BYTES 
• DATA RAM: 64 BYTES 
• 44-PIN PLASTIC PLCC PACKAGE (ST6040) 
• 48-PIN PLASTIC DUAL IN LINE PACKAGE 

(ST6041) 
• 15 PUSH-PULL BIDIRECTIONAL IN-

PUTS/OUTPUTS WITH 5mA DRIVING CAPA­
BILITY (ST6040) 

• 16 PUSH-PULL BIDIRECTIONAL IN-
PUTS/OUTPUTS WITH 5mA DRIVING CAPA­
BILITY (ST6041) 

• TWO 8-BIT COUNTER WITH A 7-BIT PRO­
GRAMMABLE PRESCALER (Timer) 

• DIGITAL SOFTWARE ACTIVATED WAT'cH­
DOG/TIMER (DSWD) 

• 8-BIT AID CONVERTER WITH 3 ANALOG IN­
PUTS 

• 18 LINES LCD DRIVER WITH 2:1 MULTIPLEX­
ING (36 segments driving, ST6040) 

• 20 LINES LCD DRIVER WITH 2:1 MULTIPLEX­
ING (40 segments driving, ST6041) 

• ONE EXTERNAL RISING EDGE SENSITIVE IN­
TERRUPT INPUT (ST6040) 

• ONE EXTERNAL FALLING EDGE SENSITIVE 
INTERRUPT INPUT (ST6041) 

• ON-CHIP CLOCK OSCILLATOR 
• POWER-ON RESET 
• BYTE EFFICIENT INSTRUCTION SET 
• BIT TEST AND JUMP INSTRUCTIONS 
• WAIT, STOP AND BIT MANIPULATION IN-

STRUCTIONS 
• TRUE LIFO 4 LEVEL STACK 
• 9 POWERFUL ADDRESSING MODES 
• THE ACCUMULATOR, THE X, Y, V & W REG­

ISTERS, THE PORT AND PERIPHERALS 
DATNCONTROL REGISTERS ARE AD­
DRESSED IN THE DATA SPACE AS RAM LO­
CATIONS 

• THE DEVELOPMENT TOOL OF THE ST604X 
MICROCONTROLLERS CONSISTS OF THE 
EMS6-HW/B4X EMULATION AND DEVELOP-

June 1989 

PRELIMINARY DATA 

MENT SYSTEM CONNECTED VIA A STAND­
ARD RS232 SERIAL LINE TO AN MS-DOS PC 

• ST60R4X IS THE ROMLESS VERSION 

PLCC44 

DIP-48 

(Order Codes at the end of the datasheet) 
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ST6040/41 

Figure 1 : ST6040 Pin Configuration. 
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Figure 2: ST6041 Pin Configuration. 
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GENERAL DESCRIPTION 
The ST6040 and ST6041 microcontrollers are 
powerful members of the 8-bit HCMOS ST60XX 
family, a series of devices oriented to low-medium 
complexity applications. All ST60XX members are 
based on a building block approach : to a common 
core is associated a combination of on-chip periph­
erals (macrocells) available from a standard library 
to form around the core all the existing and future 
ST6 devices.These peripherals are designed with 
the same core technology giving full compatibility, 

Figure 3 : ST6040 and ST6041 Block Diagram. 

RESERVED 
220 BYTES 

USER PROGRAM 
ROM 

3876 BYTES 

PC 

STACK LEVEL 1 
STACK LEVEL 2 
STACK LEVEL 3 
STACK LEVEL 4 

VoO Vss OSCIN OSCOUT RESET 

ST6040/41 

short design and testing time. The macrocells of the 
ST6040/ST6041 are : two Timers each including an 
8-bit counter with a ?-bit software programmable 
prescaler (Timer), the 8-bit ND Converter with 3 
analog inputs, the liquid crystal display driver (LCD) 
with 18x2 (ST6040) and 20x2 (ST6041) lines (36/40 
segments), the software activated digital watch­
dog/timer (DSWD). Thanks to these peripherals the 
ST6040/ST6041 are well suited to consumer, auto­
motive and industrial controls applications. 

PAO-PA7 

P80-P86 P87 ' 

TIMER' 

A1-A3 

S1/TEST.S2-S18 S19' ,S20' 

L........::::.::.::.::.:._...J'-'U COM1.COM2 

• AVAILABLE ON ST6041 ONLY V000313 
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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, OSCOUT. These pins are internally con­
nected with the on-chip oscillator circuit. A crystal 
quartz or a ceramic resonator has to be connected 
between these two pins in order to allow a right oper­
ating of the MCU. The OSCIN pin is the input pin, 
the OSCOUT pin is the output pin. 

RESET. The active low RESET pin is used to rest­
art the microcontroller at the beginning of its pro­
gram. 

INT. The INT pin provides the capability for asyn­
chronous applying an external interrupt to the 
MCU.This pin is rising edge sensitive on ST6040 
and falling edge sensitive on ST6041. 

PAO-PA7. These 8 lines are organized as one 1/0 
port (A). Each line may be configured as either an 
input or an output under software control of the data 
direction register. Port A has a push-pull output con­
figuration with 5mA drive capability and schmitt trig­
ger inputs. 

PBO-PB6,PB7 (*). These 8 lines are organized as 
one 1/0 port (B). Each line may be configured as 
either an input or an output under software control 
of the data direction register. Port B has a push-pull 
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output configuration with 5mA drive capability and 
schmitt trigger inputs. (*) PB7 is available only on 
ST6041. 

TIMER (*).This is the Timer 1 1/0 pin. In input mode 
it is connected to the prescaler and acts as external 
timer clock (DOUT =TOUT =0) or as control gate for 
the internal timer clock (DOUT =1 ,TOUT =0). In the 
output mode the timer pin outputs the data bit when 
a time out occurs. (*) This pin is available only on 
ST6041. 

A 1-A3. These pins are the analog inputs for the on­
chip 8-bit A/D converter. The user can select by soft­
ware which analog channel has to be converted. 

COM1, COM2. These two pins are the LCD periph­
eral common outputs. They are the outputs of the 
on-chip backplane voltage generator which IS used 
for multiplexing the 18/20 LCD lines allowing 36/40 
segments driving. 

81/TEST. This pin is the LCD driver segment 1 out­
put but also enables the factory test mode if tied low 
when Reset is active. The test mode is used to 
place the MCU into special operating mode. 

S2-S18,S19(*),S20(*). These pins are the LCD 
driver segments outputs 2 to 20. (*) 819 and S20 
are available only on ST6041. 



----------- ------ -

ST60XX CORE 
The Core of the ST60XX Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal addresses, data, and control 
buses. The in-core communications are arranged 

Figure 4 : ST60XX Core Block Diagram. 

ST6040/41 

as shown in the following block diagram figure; the 
controller being externally linked to both the reset 
and the oscillator while the core is linked to the dedi­
cated on-chip macrocells peripherals via the serial 
data bus and indirectly for interrupt purposes, 
through the control registers. 

,----------, 
RESET CONTROLLER 

I 
OPCODE FLAG 

VALUES 

CONTROL 
SIGNALS 

DEDICATIONS 

PROGRAM 

ROM 

I 

INPUT/OUTPUT PORT 

2 

A-DATA 

The ST6040 and ST6041 microcontrollers have re­
spectively 15 and 16 Input/Output lines that can be 
individually programmed either in the input mode or 
the output mode. The lines are organized in two 
ports (port A,B). The ports occupies four registers in 
the data space there being two registers, the DATA 
registers (ORA, ORB), used to read the logic level 
values of the lines programmed in the input mode 

I 
8-DATA 

DATA 
ROM 

DATA 
RAM 

ACCUMULATOR 

1 RESULTS TO DATA SPACE 

__j (WRITE LINE) 

V000176 

or to write the logic value of the signal to be output 
on the lines configured in the output mode, and two 
DATA DIRECTION registers (DORA, DDRB), that 
allow the selection of the direction of each pin (input 
or output). In input mode the data register remains 
unchanged as the logic value at port pins is read di­
rectly into the shift register of the port macrocell. 

5/12 

791 



ST6040/41 

TIMERS 

The ST6040 and ST6041 offer two on-chip Timer 
peripherals each consisting of an 8-bit counter with 
a 7-bit programmable prescaler, thus giving a maxi­
mum count of 215, and a control logic that allows 
configuring the peripheral in three operating modes. 
Timer 1 of ST6041 has the external TIMER pin avail­
able for the user. The content of the 8-bit counter 
can be read/written in the Timer/Counter register 

TCR that can be addressed in the data space as 
RAM location at the 13H (timer 1) and 16H (timer 2) 
addresses. The state of the 7 -bit prescaler can be 
read in the PSC register at the 12H (timer 1) and 
15H (timer 2) addresses. The control logic device 
can be managed thanks to the TSCR register (14H 
timer 1 and 17H timer2 addresses). 

SOFTWARE ACTIVATED DIGITAL WATCHDOG/TIMER 

The software activated digital watchdog/timer con­
sists of a down counter that can be used to provide 
a controlled recovery from a software upset or as a 
simple 7 -bit timer for general purpose counting. The 
watchdog/timer is using one data space register 
(DSWDR location 18H). The watchdog register is 
set to FEH after reset and the watchdog function is 
disabled. If the user is using the cell as a watchdog 

8-BIT A/D CONVERTER 
The ST6040 and ST6041 AID converter is an 8-bit 
analog to digital converter with 3 analog inputs offer­
ing 8-bit resolution with ± 1/2 bit of linearity and a 
conversion time of 150uS (clock frequency of 
4MHz). 

LIQUID CRYSTAL DISPLAY DRIVER LCD 
The Liquid Crystal Display Driver macrocell is based 
on an eight segment driver which can be multiplexed 
by the use of two backplanes. The ST6040 and 

the watchdog time can be programmed using the 6 
MSBits in the Watchdog/timer register; if the user 
selects the timer option there are 7 available counter 
bits. This is because when the cell is used as watch­
dog function bit 1 of the register is used for mana­
ging the watchdog. The check time can be set 
differently for different routines within the general 
program. 

The ST6040 and ST6041 AID peripheral converts 
by a process of successive approximations using a 
clock frequency from 1 00 to 500Khz. The clock is 
derived from the oscillator with a division factor of 
twelve. 

ST6041 LCD allows two-lines multiplexed operation 
of 18 and 20 segments pair allowing direct driving 
of 36/40 segments. 

DEVELOPMENT SUPPORT & EMULATION SYSTEM 

The ST60XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST60XX emulator offers emu­
lation power with plug-in flexibility in the selection of 
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emulation hardware modules for the dedicated mac­
rocells. The emulator can be interfaced with a stand­
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST60R4X rom less version 
is also available to provide flexibility in prototypes or 
pre-production. 



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

Symbol Parameter 

Voo Supply Voltage 

v, Input Voltage 

Vo Output Voltage 

lo Current Drain per Pin Excludtng Voo & Vss 

IVoo Total Current into Voo (source) 

IVss Total Current out of Vss (sink) 

PD Power Dissipation 

ESD ESD Susceptibility 

Tstg Storage Temperature 

Notes : 1 MIL 8838 Mode, 1 OOpF through 1.5Kn 

ST6040/41 

mended that V1 and Vo must be higher than Vss and 
smaller than Voo. Reliability is enhanced if unused 
inputs are connected to an appropriated logic volt­
age level (Voo or Vss). 

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 

30 mW 

2000(!) v 
-65 to 150 oc 

2 Stresses above those listed as "absolute maxtmum rattngs" may cause permanent damage to the devtce. Thts 1s a stress 
rattng only and functional operatton of the devtce at these condtttons is not Implied. Exposure to maximum raltng condt· 
!tons for extended penods may affect devtce reliability. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Test Conditions 

TA Operating Temperature 6 Version 
7 Version 

Voo Operating Supply Voltage 

lose Oscillator Frequency Voo = 4.5- 6.0V 

lose Osctllator Frequency Voo = 3.5V 

lose Osctllator Frequency Voo = 3.0V 

AVec Analog Supply Voltage 
AVss 

Note: On ST6040/ST6041 AVoo and AVss are mternally connected to digttal Vss and Voo 

THERMAL CHARACTERISTICS 

Thermal Reststance P·DIP 
PLCC 

Max. 

Min. 

-40 
-40 

3 

0 

0 

0 

Vss 

Typ. 

65 
85 

Max. Unit 

85 oc 
110 oc 

6 v 
4 MHz 

1 MHz 

0.5 MHz 

Voo v 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in Cel­
sius can be obtained from : 

Tj = TA + PD x RthJA 

where: TA =Ambient Temperature, 

RthJA = Package thermal resistance Qunc­
tion-to-ambient, 

PD = Pint+ Pport, 

Pint= loo x Voo (chip internal power), 

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

For most applications, Pport < Pint and the former 
can be neglected. Pport may become significant if 

DC ELECTRICAL CHARACTERISTICS 
T A =- 40 to 85°C unless otherwise specified. 

the device is configured to drive darlington bases or 
sink LED loads. An approximate relationship be­
tween PD and T J (if Pport is neglected) is : 

PD = K (T J + 273). 

Solving previous equations gives: 

K = PD x (TA + 273) + RthJA x PD2 

where K is constant pertaining to the particular part. 
K can be determined from the equation by measur­
ing PD for a know TA. Using this value of K the 
values of PD and T J can be obtained by solving first 
equations iteratively for any value of TA. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vp Pos1t1ve Threshold All 1/0 Lines V 00 = 3.0V 1.8 2.0 2.2 v 
Voo = 4.5V 2.8 3.2 3.8 
Voo=55V 3.6 4.0 4.4 

VN Negative Threshold All 1/0 Lines V00 = 3.0V 1.1 1.3 1.5 v 
Voo = 4.5V 1.6 2.0 2.4 
Voo = 5.5V 2.0 2.4 2.8 

VH Hysteresis Voltage All 1/0 Lmes V00 = 3.0V 0.6 08 0.9 v 
Voo = 4.5V 0.9 1.2 1 4 
Voo = 5.5V 1.1 1.6 1.8 

V1L Input Low Level Voltage RESET PIN Voo = 3.0V 0.90 v 
Voo = 4.5V 1.35 
Voo = 5.5V 1.65 

V1L Input Low Level Voltage INT PIN Voo =30V 0.90 v 
Voo = 4.5V 1.35 
Voo = 5.5V 1.65 

V1H Input High Level Voltage RESET PIN Voo = 3.0V 2.10 v 
Voo = 4.5V 3.15 
Voo = 5.5V 3.85 

V1H Input H1gh Level Voltage INT PIN Voo = 3 OV 2.10 v 
Voo = 4.5V 3.15 
Voo = 5.5V 3.85 

VoL Low Level Output Voltage All I/O Lines 10 < 1!-tA v 
Voo = 3.0V 0.1 
Voo = 5.5V 0.1 

VoL Low Level Output Voltage All 1/0 Lines IOL < 5mA v 
V0 o = 4.5V 0.8 
Voo = 5.5V 0.8 

VoH High Level Output Voltage All 1/0 Lines I 0 < 1 >LA v 
Voo = 3.0V 2.9 
Voo = 5.5V 5.4 

VoH High Level Output Voltage All I/O Lines loH =-5mA v 
Voo=45V 3.0 
Voo=55V 4.0 
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DC ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IlL. IIH Input Leakage Current All D1g1tal Inputs llA 
Yin = Voo or Vss 

Voo =3.0V 0.1 1.0 
Voo=55V 0.1 1.0 

IlL. IIH Input Leakage Current All AiD Conv. Inputs 11A 
Vm = Voo or Vss 

Voo =3.0V 0.1 1.0 
Voo =55V 0.1 1.0 

VoN Trigger Level ON Voltage RESET Voo =3.0V 1.0 v 
Voo =4.5V 1.5 
Voo = 5.5V 1.7 

VoFF Trigger Level ON Voltage RESET Voo = 3.0V 2.0 v 
Voo = 4.5V 3.0 
Voo = 5.5V 3.8 

loo Supply Current RUN Mode I Load= OmA 
Fosc = 0.5MHz 
Voo = 3.0V 3.5 mA 
Fosc = 4MHz 
Voo =5.5V 5.0 mA 

loo Supply Current WAIT Mode I Load= OmA 
Fosc = 0.5MHz 
Voo =3.0V 1.7 mA 
Fosc = 4MHz 
Voo = 5.5V 2.5 mA 

loo Supply Current STOP Mode Note I Load = OmA 
Voo = 3.0V 20 llA 
Voo = 5.5V 30 11A 

AC ELECTRICAL CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lose Oscillator Frequency Crystal or External Clock 
Voo =3.0V DC 0.5 
Voo = 4.5V DC 4 
Voo = 5.5V DC 4 

tsu Oscillator Start-up T1me Voo = 3.0V 15 mS 
Voo = 4.5V 10 
Voo =5.5V 10 

C1N Input Capacitance All Inputs P1ns 10 pF 

CouT Output Capacitance All Output Pins 15 pF 
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ST6040/41 

A/D ELECTRICAL CHARACTERISTICS 
T A =- 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions 

Res Resolution 

Lrn Non Linearrty Max Devration from the Best 
Straight Lme 

Qe Quantization Error Uncertainly due to converter 
resolution. 

zo Zero Offset Error Vr = AVss 

FSO Full Scale Error Vr = AVoo 

tc Conversion Trme lose = 4MHz1 1 I 

VAN Conversion Range 

ZIR Zero Input Reading Conversion result when 
Vr =AVss. 

FSR Full Scale Reading Conversion result when 
Vr = AVoo. 

AVss Analog Reference (2) 
AVoo 

ACrN Analog Input Capacitance 

ASI Analog Source Impedance 

SSI Analog Refer. Supply lmped. 

Min. 

8 

AVss 

00 

Vss 

Notes : 1 W1th oSCillator frequenc1es less than 1 2M Hz, the A/D converter accuracy 1s decreased 

Typ. 

8 

150 

2. In ST6040/ST6041 Devrces Analog Vss and Voo are internally connected to drgital Vss and Voo 

TIMER CHARACTERISTICS 
T A =- 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. Typ. 

Res Resolution 1 12 -
fo 

frN Input Frequency at TIMER Prn Voo = 3.0V 1/4 lose 
Voo = 4.5V 

Note : Trmer prn rs avarlable only on ST6041 trmer 1. 
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Max. Unit 

8 Bit 

± 1/2 LSB 

± 1/2 LSB 

1 LSB 

1 LSB 

jlS 

AVoo v 
Hex 

FF Hex 

Voo v 

5 pF 

30 KQ 

2 KQ 

Max. Unit 

s 

MHz 
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LCD DRIVER CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

fBP Backplane Frequency Fosc = 4MHz V00 = 4.5V 80 80 80 Hz 

vos DC Offset Voltage V00 = 3.0V V00 = 4.5V 50 Mv 

VoL Low Level Output Voltage Voo = 4.5V 

VoH High Level Output Voltage Voo = 4.5V 

ORDERING INFORMATION 

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

Communication of the ROM codes. To communi­
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM that must be programmed as follows: 
OOOOH-007FH Reserved (Should be filled with FFH) 

0080H-OF9FH User program 
OFAOH-OFFBH Reserved (Should be filled with FFH) 

OFFCH Interrupt vector LOW byte 
OFFDH 

OFFEH 
OFFFH 

Interrupt vector HIGH byte 
Reset vector LOW byte 
Reset vector HIGH byte 

The Data ROM codes (64 Bytes) of the microcon­
troller must be placed in the EPROM from: 

1140H-117FH 

0.5 v 
0.5 v 

All unused bytes must be set to 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 must 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 contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de­
tailed information on contractual points. 
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ST6040 Part Number 

Device 

Package 

Device : ST6040 

Package : C : 44 PLCC 

Temperature range: - 40"C to 85"C 6 
-40"Cto110"C 7 

Customer ROM Code 

Temperature Range 

Marking :it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 

ST6041 Part Number 

Device 

Package 

Device : ST6041 

Package : B : 48 Plastic Dual-in-line 

Temperature range: - 40"C to 85"C 6 
- 40"C to 11 O"C 7 

Customer ROM Code 

Temperature Range 

Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list. 

Customer 

Address 
Contact 

Phone No 
Reference 

Device [ 1 (d) 

Package [ 1 (p) 

Temperature Range [ 1 (t) 

ST604X MICROCONTROLLER OPTION LIST 

For marking two lines with 10 characters maximum are possible 

Special Marking [ 1 (y/n) Line 1 " ................ " (M) 
Line 2 " ................ " (M) 

[d11 = ST6040, 2 = ST6041 

[P1 B=Piastic Dual in Line, C = PLCC 

(t) 6 =- 40 to 85"C 

7 =- 40 to 11 O"C 

(M) Letters, digits, '.', '-', '!'and spaces only 

12112 
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ST6050/51 /52 

8 BIT HCMOS MICROCONTROLLERS 

• 8-BIT ARCHITECTURE 
• STATIC HCMOS OPERATION 
• 3.0 TO 6.0V SUPPLY OPERATING RANGE 
• 3.25US TCYCLE (with 4MHz clock) 
• RUN, WAIT & STOP MODES 
• USER ROM : 3876 BYTES 
• RESERVED ROM : 220 BYTES 
• DATA ROM: 64 BYTES 
• DATA RAM : 64 BYTES 
• 30 PUSH-PULL BIDIRECTIONAL IN-

PUTS/OUTPUTS WITH SmA DRIVING CAPA­
BILITY (ST6050) 

• 33 PUSH-PULL BIDIRECTIONAL IN-
PUTS/OUTPUTS WITH SmA DRIVING CAPA­
BILITY (ST6051) 

• 27 PUSH-PULL BIDIRECTIONAL IN-
PUTS/OUTPUTS WITH SmA DRIVING CAPA­
BILITY (ST6052) 

• TWO 8-BIT COUNTER WITH A 7-BIT PRO­
GRAMMABLE PRESCALER (Timer) 

• DIGITAL WATCHDOG/TIMER (HARDWARE 
OR SOFTWARE ACTIVATED) 

• 8-BIT ND CONVERTER WITH 3 (ST6050/52) & 
4 (ST6051) ANALOG INPUTS 

• ONE AC INPUT PREAMPLIFIER WITH FEED­
BACK OUTPUT 

• ONE EXTERNAL INTERRUPT INPUT (level or 
edge triggered) 

• ON-CHIP CLOCK OSCILLATOR 
• POWER-ON RESET 
• 44 PIN PLCC PLASTIC PACKAGE (ST6050) 
• 48 PIN DUAL-IN-LINE PLASTIC PACKAGE 

(ST6051) 
• 40 PIN DUAL-IN-LINE PLASTIC PACKAGE 

(ST6052) 
• SAME ST60XX INSTRUCTION SET 
• BYTE EFFICIENT INSTRUCTION SET 
• BIT TEST AND JUMP INSTRUCTIONS 
• WAIT, STOP AND BIT MANIPULATION IN-

STRUCTIONS 
• TRUE LIFO 4 LEVEL STACK 
• 9 POWERFUL ADDRESSING MODES 
• THE ACCUMULATOR, THE X, Y, V & W REG­

ISTERS, THE PORT AND PERIPHERALS 
DATNCONTROL REGISTERS ARE AD­
DRESSED IN THE DATA SPACE AS RAM LO­
CATIONS 

June 1989 

PRELIMINARY DATA 

• THE DEVELOPMENT TOOL OF THE ST605X 
MICRONTROLLERS FAMILY CONSISTS OF 
THE EMS6-HW/B5X1X EMULATION AND DE­
VELOPMENT PACKAGE CONNECTED VIA A 
STANDARD RS232 SERIAL LINE TO AN IBM 
PC 

• ST60R5X IS THE ROMLESS VERSION 

PLCC-44 

DIP-48 

~ 
1 

DIP-40 

(Order Codes at the end of the datasheet} 

1/14 

799 



ST6050/51 /52 

Figure 1 : ST6050 Pin Configuration. 
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Figure 2: ST6051 Pin Configuration. 
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Figure 3 : ST6052 Pin Configuration. 
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GENERAL DESCRIPTION 
The ST6050, ST6051 and ST6052 microcontrollers 
are powerful members of the 8-bit HCMOS ST60XX 
family, a series of devices oriented to low-medium 
complexity applications. All ST60XX members are 
based on a building block approach : to a common 
core is associated a combination of on-chip periph­
erals (macrocells) available from a standard library 
to form around the core all the existing and future 
ST6 devices. These peripherals are designed with 
the same core technology giving full compatibility, 

Figure 4 : ST605X Block Diagram. 

RESERVED 
220 BYTES 

USER PROGRAM 
ROM 

3876 BYTES 

PC 

I STAC EVEL 
ISTAC EVEI 4 

INT SELLE 

~r,,·TI cr 
Voo Vss OSCIN OSCOUT RESET 

-------------- -----

short design and testing time. The macrocells of the 
ST605X are : two Timers each including an 8-bit 
counter with a 7-bit software programmable pres­
caler (Timer), the digital watchdog/timer (DWD, 
hardware or software activated), the 8-bit A/D Con­
verter with 3 (ST6050/52) or 4 (ST6052) analog in­
puts, one AC input operational amplifier with 
feedback output (AC1 ). Thanks to these peripherals 
the ST605X are well suited to consumer, automo­
tive and industrial controls applications. 

PAO-PA7" 

PBO-PB7" 

PCO- iESf PC1.-PC7" 

PDO-PD7' 

PE4" 

TIUER 

WOON 

• REFER TO PIN DESCRIPTION FOR ADDITIONAL INFORMATION 
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PIN DESCRIPTION 

VDD and VSS. Power is supplied to the MCU using 
these two pins. VDD is power and VSS is the ground 
connection. 

OSCIN, OSCOUT. These pins are internally con­
nected to the on-chip oscillator circuit. A crystal 
quartz or a ceramic resonator has to be connected 
between these two pins in order to allow a right oper­
ating of the MCU. A signal can be also provided to 
the OSCIN pin as external clock. The OSCIN pin is 
the input pin, the OSCOUT pin is the output pin. 

RESET. The active low RESET pin is used to rest­
art the microcontroller to the beginning of its pro­
gram. Refer to RESET description for additional 
information. 

INT. The INT pin provides the capability for asyn­
chronous applying an external interrupt to the MCU. 
This pin can be low level or rising edge sensitive, 
the sensitivity is programmed through the SELLE 
pin. (On ST6052 the interrupt sensitivity is fixed as 
rising edge). 

SELLE. This pin selects between low level 
(SELLE=O) and rising edge (SELLE=1) interrupt pin 
sensitivity. 

PAO-PA7. These 8 lines are organized as one 1/0 
port (A). Each line may be configured as either an 
input or an output under software control of the data 
direction register. Port A has a push-pull output con­
figuration with 5mA drive capability and schmitt trig­
ger inputs. 

PBO(*}, PB1 (*),PB2-PB7(*). These 8 lines are orga­
nized as one 1/0 port (B). Each line may be con­
figured as either an input or an output under 
software control of the data direction register. Port B 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. (*) PB7 is not 
available on ST6050/52. PBO and PB1 are not avail­
able on ST6052. 

PCO/TEST,PC1-PC2, PC3(*)-PC7. These 8 lines 
are organized as one 1/0 port (C). Each line may be 
configured as either an input or an output under soft­
ware control of the data direction register. Port C 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. PCO also en­
ables the factory test mode if tied low when Reset 
is active. The Test mode is used to place the MCU 

ST6050/51 /52 

into a special operating mode.(*) PC3 is not avail­
able on ST6050 

PDQ(*), PD1 (*), PD2-PD7. These 8 lines are orga­
nized as one 1/0 port (D). Each line may be con­
figured as either an input or an output under 
software control of the data direction register. Port D 
has a push-pull output configuration with 5mA drive 
capability and schmitt trigger inputs. PDO and PD1 
are not available on ST6052. 

PE4(*),PE5. These 2 lines are organized as one 1/0 
port (E). This port has only two valid bits. PE4 is con­
nected to a pin and can be used as any other 1/0 
line. PE4 may be configured as either an input or an 
output under software control of the data direction 
register. PE4 has a push-pull output configuration 
with 5mA drive capability and schmitt trigger input. 
PE5 does not have the output buffer and is con­
nected to the digital output of the sensing device 
AC1. This allows the user to read the AC compara­
tor output digital signal by reading the data register 
of the 1/0 port, bit 5. The data direction register bit 
related to PE5 must be cleared to zero (input mode). 
PE5 is not connected to a pin. PE4 is not available 
on ST6050/52. 

TIMER. This is the Timer 1 1/0 pin. In input mode it 
is connected to the prescaler and acts as external 
timer clock (DOUT =TOUT =0) or as control gate for 
the internal timer clock (DOUT =1 ,TOUT =0). In the 
output mode the timer pin outputs the data bit when 
a time out occurs. 

A1-A3, A4(*). These 4 pins are the analog inputs for 
the on-chip 8-bit AID converter. The user can select 
by software which analog channel has to be con­
verted. A4 is not available on ST6050/52. 

WDON. This pin selects the watchdog enable op­
tion (HW or SW). A low level selects the hardware 
activation (watchdog always active), an high level 
selects the software activation (the watchdog can 
be enabled by software, deactivated by reset). 

ACIN. This pin is the analog input signal of the 
operational preamplifier AC1. 

ACFB. This pin is the output of the on-chip oper­
ational preamplifier; this output pin allows the user 
to fix the amplifier gain by external resistors. 
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ST60XX CORE 

The Core of the ST60XX Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal addresses, data, and control 
buses. The in-core communications are arranged 

Figure 5 : ST60XX Core Block Diagram. 

as shown in the following block diagram figure; the 
controller being externally linked to both the reset 
and the oscillator while the core is linked to the dedi­
cated on-chip macrocells peripherals via the serial 
data bus and indirectly for interrupt purposes, 
through the control registers. 

~----------, 

RESET CONTROLLER 

I 
OPCODE FLAG 

VALUES 

CONTROL 
SIGNALS DEDICATIONS 

PROGRAM 

ROM 

I 

I 

INPUT/OUTPUT PORT 

2 

The ST6050, ST6051 and ST6052 microcontrollers 
have respectively 30, 33 and 27 Input/Output lines 
that can be individually programmed either in the 
input mode or the output mode. The lines are or­
ganized in five ports (port A-E). The ports occupies 
ten registers in the data space there being five reg­
isters, the DATA registers (ORA-E), used to read the 
logic level values of the lines programmed in the 
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DATA 
ROM 

DATA 
RAM 

ACCUMULATOR 

RESULTS TO DATA SPACE 

_j (WRITE LINE) 
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input mode or to write the logic value of the signal 
to be output on the lines configured in the output 
mode, and five DATA DIRECTION registers 
(DORA-E), that allow the selection of the direction 
of each pin (input or output). In input mode the data 
register remains unchanged as the logic value at 
port pins is read directly into the shift register of the 
port macrocell. 



---- -- - ---------

TIMERS 
The ST605X offer two on-chip Timer peripherals 
each 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 configuring the 
peripheral in three operating modes. Timer 1 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-

DIGITAL WATCHDOG/TIMER 
The ST605X watchdog/timer offers both of the 
watchdog options software activated watch­
dog/timer and the hardware activated watchdog 
function. The user can select one of the two options 
simply by applying an appropriate logic level to the 
WDON pin. A low level will select the hardware op­
tion which means the watchdog is always enabled, 
while a high logic level will select the software op­
tion so that the watchdog is software activated. The 
hardware activated digital watchdog function con­
sists of a down counter that is automatically in-

8-BIT A/D CONVERTER 
The ST605X AID converter is an 8-bit analog to digi­
tal converter with 3/4 analog inputs offering 8-bit res­
olution with± 1/2 bit of linearity and a conversion 
time of 150).18 (clock frequency of 4MHz). 

516050/51/52 

dressed in the data space as RAM location at the 
13H (timer 1) and 16H (timer 2) addresses. The 
state of the 7 -bit prescaler can be read in the PSG 
register at the 12H (timer 1) and 15H (timer 2) ad­
dresses. The control logic device can be managed 
thanks to the TSCR register (14H timer 1 and 17H 
timer2 addresses). 

itialized 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. The software ac­
tivated digital watchdog/timer consists of a down 
counter that can be used to provide a controlled re­
covery from a software upset or as a simple 7-bit 
timer for general purpose counting. The watch­
dog/timer is using one data space register (DWR lo­
cation 18H). 

The ST605X ND peripheral converts by a process 
of successive approximations using a clock fre­
quency from 100 to 500kHz. The clock is derived 
from the oscillator with a division factor of twelve. 

AC INPUT PIN WITH OPERATIONAL PREAMPLIFIER 
The ST605X AC1 input is a sensing device for 
analog voltage signals that can be processed by the 
core. This macrocell consists of an operational am­
plifier and a schmitt trigger to generate logic pulses. 
The AC1 can be switched off by using the STOP in­
struction. The operation point of the operational am­
plifier is internally set to 1 /2Voo. The amplified signal 
is compared with an internal reference of 0.29Voo 

with an hysteresis of± 0.02Voo. If the amplified input 
signal is greater than the internal reference, the digi­
tal output is low and vice-versa. The output of the 
amplifier is connected to a pin (ACFB); through this 
pin the user can fix the gain of the amplifier by ex­
ternal resistors and can also set the threshold level 
at which the comparator switches. 

DEVELOPMENT SUPPORT & EMULATION SYSTEM 
The ST60XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST60XX emulator offers emu­
lation power with plug-in flexibility in the selection of 

emulation hardware modules for the dedicated mac­
rocells. The emulator can be interfaced with a stand­
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST60R5X rom less version 
is also available to provide flexibility in prototypes or 
pre-production. 
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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. For proper operation it is recom-

mended that V1 and Vo must be higher than Vss and 
smaller than Voo. Reliability is enhanced if unused 
inputs are connected to an appropriated logic volt­
age level (Voo or Vss). 

Symbol Parameter Value Unit 

Voo Supply Voltage - 0.3 to 7.0 v 
v, Input Voltage Vss- 0.3 to Voo + 0.3 v 
Vo Output Voltage Vss- 0.3 to Voo + 0.3 v 
lo Current Dram per P1n Excluding Voo & Vss ±10 rnA 

IVoo Total Current into V00 (source) 50 rnA 

IVss Total Current out of Vss (sink) 50 rnA 

PD Power D1ss1pat1on 30 mW 

ESD ESD Susceptibility 2000(!) v 
Tstg Storage Temperature -65 to 150 oc 

Notes : 1 MIL 8838 Mode, 1 OOpF through 1.5KD 
2. Stresses above those listed as "absolute max1mum ratings" may cause permanent damage to the dev1ce. This IS a stress 

rating only and functional operation of the dev1ce at these cond1t1ons IS not 1mpl1ed. Exposure to max1mum rating condi­
tions for extended penods may affect dev1ce rel1ab1hty. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Test Conditions 

TA Operating Temperature 6 Version 
7 Vers1on 

Voo Operating Supply Voltage 

lose Oscillator Frequency Voo ~ 4.5- 6.0V 

lose Oscillator Frequency Voo ~ 3.5V 

lose Oscillator Frequency Voo ~ 3.0V 

AVoo Analog Supply Voltage 
AVss 

Note :On ST605X AVoo and AVss are mternally connected to d1g1tal Vss and Voo 

THERMAL CHARACTERISTICS 
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Thermal Resistance P-DIP 40 
P-DIP 48 
PLCC 

l5fi SCS·llfOMSON ':"!I li:IID©Iiii@~~~©VIiil@li!D©® 

Max. 

Min. 

-40 
-40 

3 

0 

0 

0 

Vss 

Typ. 

68 
65 
85 

Max. Unit 

85 oc 
110 oc 
6 v 
4 MHz 

1 MHz 

0.5 MHz 

Voo v 



POWER CONSIDERATIONS 
The average chip-junction temperature, Tj, in Cel­
sius can be obtained from : 

Tj =TA +POx RthJA 

Where :TA =Ambient Temperature, 

RthJA = Package thermal resistance ijunc­
tion-to-ambient, 

PO = Pint + Pport, 

Pint= loo x Voo (chip internal power), 

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

For most applications, Pport « Pint and the former 
can be neglected. Pport may become significant if 

DC ELECTRICAL CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

ST6050/51/52 

the device is configured to drive darlington bases or 
sink LED loads. An approximate relationship be­
tween PO and T J (if Pport is neglected) is : 

PO= K (TJ + 273). 

Solving previous equations gives: 

K = PD x (TA + 273) + RthJA x PD2 

where K is constant pertaining to the particular part. 
K can be determined from the equation by measur­
ing PD for a know TA. Using this value of K the 
values of PD and T J can be obtained by solving first 
equations iteratively for any value of TA. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vp Positive Threshold All 1/0 Lmes Voo = 3.0V 1.8 2.0 2.2 v 
Voo =4.5V 2.8 3.2 3.8 
Voo = 5.5V 3.6 4.0 4.4 

VN Negat1ve Threshold All 1/0 Lines Voo = 3.0V 1.1 1.3 1.5 v 
Voo = 4.5V 1.6 2.0 2.4 
Voo = 5.5V 2.0 2.4 2.8 

VH Hysteresis Voltage All 1/0 Lines Voo = 3.0V 0.6 0.8 0.9 v 
Voo =4.5V 0.9 1.2 1.4 
Voo =5.5V 1.1 1.6 1.8 

VIL Input Low Level Voltage RESET PIN Voo = 3.0V 0.90 v 
Voo = 4.5V 1.35 
Voo = 5.5V 1.65 

V1L Input Low Level Voltage !NT PIN Voo = 3.0V 0.90 v 
Voo = 4.5V 1.35 
Voo = 5.5V 1.65 

V1H Input High Level Voltage RESET PIN Voo = 3.0V 2.10 v 
Voo =4.5V 3.15 
Voo = 5.5V 3.85 

V1H Input High Level Voltage !NT PIN Voo =3.0V 2.10 v 
Voo =4.5V 3.15 
Voo =5.5V 3.85 

VOL Low Level Output Voltage AI! I/O Lines 10 < 111A v 
Voo = 3.0V 0.1 
Voo =5.5V 0.1 

VoL Low Level Output Voltage All I/O Lines IOL < 5mA v 
Voo = 4.5V 0.8 
Voo = 5.5V 0.8 

VoH High Level Output Voltage All I/O Lines lo < 111A v 
Voo =3.0V 2.9 
Voo = 5.5V 5.4 

VoH H1gh Level Output Voltage All I/O Lines loH =- 5mA v 
Voo =4.5V 3.0 
Voo = 5.5V 4.0 
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DC ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lrL. lrH Input Leakage Current All Digrtal Inputs JlA 
Vin = Voo or Vss 

Voo = 3.0V 0.1 1.0 
Voo = 5.5V 0.1 1.0 

lrL. lrH Input Leakage Current All AiD Conv. Inputs JlA 
Vin = Voo or Vss 

Voo = 3.0V 0.1 1.0 
Voo = 5.5V 0.1 1.0 

VoN Trigger Level ON Voltage RESET Voo = 3.0V 1.0 v 
Voo = 4.5V 1.5 
Voo = 5.5V 1.7 

VoFF Trigger Level ON Voltage RESET Voo = 3.0V 2.0 v 
Voo = 4.5V 3.0 
Voo = 5.5V 3.8 

loo Supply Current RUN Mode I Load= OmA 
Fosc = 0.5MHz 
Voo = 3.0V 3.5 rnA 
Fosc = 4MHz 
Voo = 5.5V 5.0 rnA 

loo Supply Current WAIT Mode I Load= OmA • 
Fosc = 0.5MHz 
Voo = 3.0V 1.7 rnA 
Fosc = 4MHz 
Voo = 5.5V 2.5 rnA 

loo Supply Current STOP Mode Note I Load = OmA 
Voo = 3.0V 20 J.lA 
Voo = 5.5V 30 JlA 

Note :STOP mode 1s available only when watchdog1t1mer 1s not enabled. 

AC ELECTRICAL CHARACTERISTICS 
T A =- 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lose Oscillator Frequency Crystal or External Clock 
Voo = 3.0V DC 0.5 
Voo =4.5V DC 4 
Voo = 5.5V DC 4 

tsu Oscrllator Start-up Trme Voo = 3.0V 15 mS 
Voo = 4.5V 10 
Voo = 5.5V 10 

CrN Input Capacitance All Inputs Pins 10 pF 

GouT Output Capacitance All Output Pins 15 pF 

10/14 

808 



A/D ELECTRICAL CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions 

Res Resolution 

Lin Non Lineanty Max Deviation from the Best 
Straight Line 

Qe Quantization Error Uncertainly due to converter 
resolution. 

zo Zero Offset Error v, =AVss 

FSO Full Scale Error v, = AVoo 

tc Convers1on Time lose = 4MHz(1 l 

VAN Conversion Range 

ZIR Zero Input Reading Conversion result when 
v, =AVss. 

FSR Full Scale Reading Conversion result when 
v, =AVoo. 

AVss Analog Reference {2) 
AVoo 

AC1N Analog Input Capacitance 

ASI Analog Source Impedance 

SSI Analog Refer. Supply lmped. 

Min. 

8 

AVss 

00 

Vss 

Notes : 1. W1th oscillator frequencies less than 1.2MHz, the AID converter accuracy 1s decreased 
2. In ST605X Dev1ces Analog Vss and Voo are Internally connected to d1g1tal Vss and Voo. 

TIMER CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. 

Res Resolution 
- 1-.12 
to 

f1N Input Frequency at TIMER Pin Voo = 3.0V 
Voo =4.5V 

Note : T1mer pin 1s available only on t1mer 1. 

LCD DRIVER CHARACTERISTICS 
T A = - 40 to 85°C unless otherwise specified. 

Symbol Parameter Test Conditions Min. 

IBP Backplane Frequency Fosc = 4MHz V00 = 4.5V 80 

vos DC Offset Voltage Voo = 3.0V Voo = 4.5V 

VoL Low Level Output Voltage Voo =4.5V 

VoH H1gh Level Output Voltage Voo = 4.5V 

ST6050/51/52 

Typ. Max. Unit 

8 8 Bit 

± 1/2 LSB 

± 1/2 LSB 

1 LSB 

1 LSB 

150 !!S 

AVoo v 
Hex 

FF Hex 

Voo v 

5 pF 

30 KQ 

2 KQ 

Typ. Max. Unit 

s 

114fosc MHz 

Typ. Max. Unit 

80 80 Hz 

50 Mv 

0.5 v 
0.5 v 
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ORDERING INFORMATION 

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

Communication of the ROM codes. To communi­
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM that must be programmed as follows: 
OOOOH-007FH Reserved (Should be filled with FFH) 

0080H-OF9FH User program 
OFAOH-OFFBH Reserved (Should be filled with FFH) 

OFFCH Interrupt vector LOW byte 
OFFDH Interrupt vector HIGH byte 

OFFEH Reset vector LOW byte 
OFFFH Reset vector HIGH byte 

The Data ROM codes (64 Bytes) of the microcon­
troller must be placed in the EPROM from : 

1 140H-1 17FH 
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All unused bytes must be set to 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 must 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 contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de­
tailed information on contractual points. 



ST6050 Part Number 
ST6050C6/XX 

Device 

Package 
--------'1 11 ._I -

Device : ST6050 

Package : C : 44 PLCC 

Temperature range: - 40"C to 85"C 6 
- 40"C to 11 O"C 7 

ST6050/51 /52 

Customer ROM Code 

Temperature Range 

Marking :it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 

ST6051 Part Number 
ST6051 86/XX 

Device 

Package 
___ II ...___I -

Device : ST6051 

Package : B : 48 Plastic Dual-in-line 

Temperature range : - 40"C to 85"C 6 
- 40"C to 110"C 7 

Customer ROM Code 

Temperature Range 

Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 

ST6052 Part Number 

Device 

Package 

Device : ST6052 

Package : B : 40 Plastic Dual-in-line 

Temperature range: - 40"C to 85"C 6 
- 40"C to 11 O"C 7 

Customer ROM Code 

Temperature Range 

Marking :it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 
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Customer 
Address 

Contact 
Phone No 

Reference 

Device [] (d) 

Package [] (p) 

Temperature Range [] (t) 

ST605X MICROCONTROLLER OPTION LIST 

For marking two lines with 1 0 characters maximum are possible 

Special Marking [] (y/n) Line 1 " ................ " (M) 

Line 2 " ................ " (M) 

[d]1 =ST6050, 2=ST6051, 3=ST6052 

[p] B=Piastic Dual in Line, C=PLCC 

(t) 6 =- 40 to 85"C 
7 = - 40 to 11 O"C 

(M) Letters, digits,'.','-','/' and spaces only 
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ST621 O/E1 0 
ST6215/E15 

8 BIT HCMOS MICROCONTROLLERS WITH A/D 
CONVERTER 

• 8-BIT ARCHITECTURE 
• HCMOS LOW POWER CONSUMPTION 
• SINGLE POWER SUPPLY - 3.0V TO 6.0V 

(ROM VERSION) 
• 1.625~S TCYCLE (with 8MHz clock) 
• RUN, WAIT & STOP MODES 
• 5 DIFFERENT INTERRUPT VECTORS 
• LOOK-UP TABLE CAPABILITY IN ROM 
• USER ROM: 1828 BYTES (2K EPROM 

in ST62E10/15) 
• RESERVED ROM : 220 BYTES 
• DATA ROM/EPROM : USER SELECTABLE 

(physically in program ROM/EPROM) 
• DATA RAM: 64 BYTES 
• 12/20 FULLY SOFTWARE PROGRAMMABLE 

INPUTS/OUTPUTS AS : 
INPUTS WITH OR WITHOUT INTERNAL PULL­
UP RESISTORS 
INTERRUPT GENERATING INPUTS WITH 
PULL-UP RESISTORS 
OPEN-DRAIN OR PUSH-PULL OUTPUTS 
ANALOG INPUTS 

• 4 110 PINS CAN SINK 1 OMA FOR DIRECT LED 
DRIVING 

• 8-BIT COUNTER WITH A 7-BIT PROGRAMM­
ABLE PRESCALER (Timer) 

• DIGITAL WATCHDOG/TIMER (DWD) 
• 8-BIT A/D CONVERTER WITH UP TO 8 

(ST6210) AND 16 (ST6215) (ROM Version) 
• ANALOG INPUTS 
• ONE EXTERNAL NOT MASKABLE INTER-

RUPT INPUT 
• ON-CHIP CLOCK OSCILLATOR 
• POWER-ON RESET 
• PDIP-20,S0-20 (ST621 0), CDIP-20-W 

(ST62E10) PACKAGES 
• PDIP-28,S0-28 (ST6215), CDIP-28-W 

(ST62E15) PACKAGES 
• SAME ST62XX INSTRUCTION SET 
• EASY TO PROGRAM 
• BYTE EFFICIENT INSTRUCTION SET 
• BIT TEST AND JUMP INSTRUCTIONS 
• WAIT, STOP AND BIT MANIPULATION IN-

STRUCTIONS 
• TRUE LIFO 6 LEVEL STACK 
• 9 POWERFUL ADDRESSING MODES 
• THE ACCUMULATOR, THE X, Y, V & W REG­

ISTERS, THE PORT AND PERIPHERALS 

June 1989 

PRELIMINARY DATA 

DATA/CONTROL REGISTERS ARE AD­
DRESSED IN THE DATA SPACE AS RAM LO­
CATIONS 

• THE DEVELOPMENT TOOL OF THE ST621X 
MICROCONTROLLER FAMILY CONSISTS OF 
THE EMST62-HW/E1X EMULATION AND DE­
VELOPMENT PACKAGE CONNECTED VIA A 
STANDARD RS232 SERIAL LINE TO AN IBM 
PC 

• ST62E10 AND ST62E15 EPROM VERSION 
ARE AVAILABLE FOR LOW-VOLUME PRO­
DUCTION AND EMULATION PURPOSES 

DIP-20 

DIP-28 

(Order Codes at the end of the datasheet) 
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ST621 O/E1 O-ST6215/E15 

GENERAL DESCRIPTION 
The ST621 O/ST6215 microcontrollers are members 
of the 8-bit HCMOS ST62XX family, a series of de­
vices oriented to low-medium complexity applica­
tions. All ST60XX members are based on a building 
block approach: to a common core is associated a 
combination of on-chip peripherals (macrocells) 
available from a standard library to form around the 
core all the existing and future ST6 devices.These 
peripherals are designed with the same core tech­
nology giving full compatibility, short design and 
testing time. The macrocells of the ST621 O/E1 0 and 

Figure 1 : ST621 O/ST62E1 0 Pin Configuration. 

v DO [ 1 

TIMER [ 2 

OSCIN [ 3 

ST6215/E15 are: the Timer peripheral that includes 
an 8-bit counter with a 7-bit software programmable 
prescaler (Timer), the 8-bit ND Converter with up to 
8 (ST6210/E10) and up to 16 (ST6215/E15) analog 
inputs (A/D inputs are alternate functions of 1/0 
pins), the digital watchdog/timer (DWD). Thanks to 
these peripherals the ST621 O/E1 0 & ST6215/E15 
are well suited for automotive, industrial & consumer 
applications. The ST62E10 and ST62E15 EPROM 
versions are available for prototypes and low-vol­
ume production. 

OSCOUT [ 4 

NMl [ 5 

Vpp/ TEST [ 6 

ST6210 
ST62E10 

20 J vss 

19]PAO 

18 ]PAl 

17 ]PA2 

16 ]PA3 

15 J PBO 

14] P81 

1.3 ] PB2 

12] PB3 

11 J PB4 
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REsET [ 7 

P87 [ 8 

PB6 [ 9 

P85 [ 10 
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ST621 O/E1 O-ST6215/E15 

Figure 2: ST6215/E15 Pin Configuration. 

Vss 

PAO 

PAT 

PA2 

24 

PA4 

ST6215 PAS 

ST62E15 

-.pp/TEST 

P87 

P86 

PBS 

PIN DESCRIPTION 

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

OSCIN and OSCOUT. These pins are internally 
connected with the on-chip oscillator circuit. A crys­
tal quartz, a resistor/capacitor network or a ceramic 
resonator can be connected between these two pins 
in order to allow a right operating of the MCU. The 
OSCIN pin is the input pin, the OSCOUT pin is the 
output pin. 

RESET. The active low RESET pin is used to rest­
art the microcontroller to the beginning of its pro­
gram. 

TESTIVPP. The TEST pin is used to place the MCU 
into special operating mode. If TEST is held at Vss 

PA7 

PBO 

P81 

P82 

P83 

P84 

V000155 

the MCU enters the normal operating mode. lfTEST 
is held at a high logic level the test operating mode 
is automatically selected (the user should connect 
this pin to Vss for normal operation). If this pin is con­
nected to a+ 12.5V level during the reset phase the 
EPROM programming mode is entered (EPROM 
versions only). 

NMI. The NMI pin provides the capability for asyn­
chronous applying an external not maskable inter­
rupt to the MCU. The NMI1s falling edge sensitive. 

TIMER. This in the timer 1/0 pin. In input mode it is 
connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the timer pin outputs the 
data bit when a time out occurs. 

3/8 
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ST621 O/E1 O-ST6215/E15 

PAO-PA3,PA4-PA7(*). These 81ines are organized 
as one 1/0 port (A). Each line may be configured 
under software control as inputs with or without in­
ternal pull-up resistors, interrupt generating inputs 
with pull-up resistors, open-drain or push-pull out­
puts. PAO-PA3 can also sink 1 OmA for direct led 
driving while PA4-PA7 can be programmed as 
analog inputs for the A/D converter.(*) PA4-PA7 are 
not available on ST621 O/E1 0. 

PBO-PB7. These 8 lines are organized as one 1/0 
port (B). Each line may be configured under soft-

Figure 3 : ST621 O/ST6215 Block Diagram. 

4/8 
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TEST 

c±J 
RESERVED 
220 BYTES 

USER PROGRAM 
ROM 

1828 BYTES 

PC 

STACK LEVEL 1 
STACK LEVEL 2 
STACK LEVEL 3 

STACK LEVEL 4 
STACK LEVEL 5 
STACK LEVEL 6 

NMI 

DATA ROM 
USER 

SELECTABLE 

l:l 
L:J 

VQQ VSS OSCIN OSCOUT RESET 

* NOT AVAILABLE ON ST6210 

ware control as inputs with or without internal pull­
up resistors, interrupt generating inputs with pull-up 
resistors, open-drain or push-pull outputs and as 
analog inputs for the AID converter. 

PC4-PC7(*). These 41ines are organized as one 1/0 
port (C). Each line may be configured under soft­
ware control as inputs with or without internal pull­
up resistors, interrupt generating inputs with pull-up 
resistors, open-drain or push-pull outputs and as 
analog inputs for the A/D converter.(*) PC4-PC7 are 
not available on ST621 O/E10. 

PORT A 

PORT B 

PORT C 

8-BIT A/D 
CONVERTER 

TIMER 

DWD 

V000184 

PA0-PA3 (10mA SINK). 

PA4-PA7/ANALOG INPUTS' 

PBO-PB7/ANALOG INPUTS 

PC4-PC7 /ANALOG INPUTS" 

TIMER 



ST62XX CORE 
The ultra small and fast Micro-core of the 
ST621 O/E1 0 and ST6215/E15 microcontrollers is 
designed to provide the economy of small die size 
through advanced HCMOS technologies. The 
ST62XX core can directly address 4 Kbyte of pro­
gram memory with extension capability by 2 Kbyte 
bank addition. The directly addressable data space 
is 256 bytes sized with extension capability by 64 
byte bank addition. The data ROM which is ad-

Figure 4: ST62XX Core Block Diagram. 

ST621 O/E1 O-ST6215/E15 

dressed in the data space is physically located in the 
program area. The core includes an 8-bit accumu­
lator, two 8-bit index registers and a 12-bit program 
counter. Three pairs of flags monitors the processor 
operations while a six levels LIFO hardware stack is 
available for subroutine & interrupt return address 
storage. One NMI and four normal interrupt vectors 
are available. STOP and WAIT modes are included 
to reduce overall power consumption. 

~----------, 

o--H 
I ~ 

RESET CONTROLLER :;:::o TO 8MHz 
I INTERRUPTS -. 

I D-U I DATA SPACE 

I CONTROL I 
OPCODE fLAG SIGNALS ADDRESS/READ LIN[ DATA 

I 2 
VALUES I 

I RAM/EEPROM 

r PROGRAM_ 
I ROM/EPROM I jADDRESS ~ DATA 

_I I DECODER 56 "AM/EPROM 

I A-DATA ~-DATAl 
DEDICATIONS f-- -

I 

I nAG, B¥J I 
r~" 12 

I I PC L ·J ACCUMULATOR 
6 LAYERS I 

I L STACK I 
I I RESULTS TO DATA SPACE 

L - - - - - - - - - - _j (\JRITE LINE> 

VOOOI85 
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ST621 O/E1 O-ST6215/E15 

1/0 PORTS 

The ST621 O/E1 0, ST6215/E15 1/0 ports are fully 
software programmable to be configured as: inputs 
with or without internal pull-up resistors, interrupt 

TIMER 

The Timer peripheral consists of an 8-bit counter 
with a ?-bit programmable prescaler, thus giving a 
maximum count of 215, and a control logic that 
allows configuring the peripheral in three operating 
modes: event counter, input gated and output 

DIGITAL WATCHDOG/TIMER 

The digital watchdog/timer consists of a down 
counter that can be used to provide a controlled 
recovery from a software upset or as a simple ?-bit 
timer for general purpose counting. The check time 
can be set differently for different routines within the 
general program. After a reset the watchdog/timer 
is in off-state. The watchdog should be activated in­
side the Reset restart routine. Once the watchdog 

8-BIT A/D CONVERTER 

The ST6210/E10, ST6215/E15 AID converter is an 
8-bit analog to digital converter offering 8-bit resol­
ution with± 1/2 bit of linearity and a conversion time 
of ?OuS. ST6210/E10 has up to 8 analog inputs 
while in the ST6215/E15 the number of input pin can 

generating inputs with pull-up resistors, open-drain 
or push-pull outputs, analog inputs and in addition 
four 1/0 pins can sink 1Om A for direct led driving. 

modes. The content of the 8-bit counter can be 
read/written in the Timer/Counter register. The state 
of the ?-bit prescaler can be read in the prescaler 
register. A maskable interrupt is associated with the 
end-of-count. 

is enabled it can not be cleared by software without 
generating a Reset. The reset is prevented if the 
register is reloaded with the desired value before the 
watchdog register time-out. If the watchdog is active 
the STOP instruction is deactivated and a WAIT in­
struction is automatically executed instead of the 
STOP. 

be extendeded up to 16 (alternate functions of 1/0 
ports). The ST621 X AID peripheral converts by a 
process of successive approximations. The clock is 
derived from the oscillator. 

DEVELOPMENT SUPPORT & EMULATION SYSTEM 

The ST62XX development system offers powerful 
in-circuit emulator and easy-to-use sets (dedicated 
boards) of modular hardware and software tools to 
shorten the total system development time of the 
final application. The ST62XX emulator offers emu­
lation power with plug-in flexibility in the selection of 
emulation hardware modules for the dedicated mac-

ORDERING INFORMATION 

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

Communication ofthe ROM codes. To communi­
cate the contents of Program/Data ROM memories 
to SGS-THOMSON, the customer has to send two 
2764 EPROM with exactly the same addresses as 
for the ROM version. 
All unused bytes must be set to 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-
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rocells. The emulator can be interfaced with a stand­
ard RS232 serial link to industry standard MS-DOS 
personal computers. The ST62E1 0 and ST62E15 
EPROM versions are also available to provide flex­
ibility and cost effectiveness in prototypes or pre­
production. 

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 must 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 contractual 
agreement for the creation of the customer mask. 
SGS-THOMSON sales organization will provide de­
tailed information on contractual points. 



ST621 0 Part Number 
ST621 086/XX 

Device 

Package 
__ I 11'------

Device : ST621 0 

Package : B Plastic Dual-in-line Package 

Package : M Plastic SO Package 
Temperature range : - 40'C to 85'C 6 

- 40"C to 11 O"C 7 

ST621 O/E1 O-ST6215/E15 

Customer ROM Code 

Temperature Range 

Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 

ST6215 Part Number 

Device 

Package 

ST6215B6/XX 

____ __,'--I ---

Device : ST6215 

Package : B Plastic Dual-in-line Package 

Package : M Plastic SO Package 
Temperature range :- 40'C to 85'C 6 

-40'C to 110'C 7 

Customer ROM Code 

Temperature Range 

Marking : it is by default equivalent to the sales type (part number). If a special marking is required see at­
tached option list chart. 

ST62E1 0 Part Number 

Device 

Package 

Device: ST62E10 

ST62E10F6 
I 

Package : F Window Frit-Seal Package (DIL) 

Temperature range :- 40'C to 85'C 6 

ST62E15 Part Number 

Device 
Package 

Device: ST62E15 

-40'Cto110'C7 

Package : F Window Frit-Seal Package (DIL) 

Temperature range : - 40'C to 85'C 6 
-40'C to 110'C 7 

Temperature Range 

Temperature Range 
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ST621 O/E1 O-ST6215/E15 

ST621 X MICROCONTROLLER OPTION LIST 

Customer ................................................................................................................................ . 

Address ................................................................................................................................ . 

Contact 

Phone No ................................................................................................................................ . 

Reference ................................................................................................................................ . 

Device 

Package 

Temperature Range 

[ l (d) 

[] (p) 

[ l (t) 

For marking one line with 11 characters maximum is possible 

Special Marking [] (y/n) Line 1 " ................ " (M) 

[d]1 = ST621 0, 2 = ST6215 

[p] B = Plastic Dual in Line, M = Plastic SO 

(t) 6 =-40 to 85'C 
7 =- 40 to 11 O'C 

(M) Letters, digits,'.', '-', '/'and spaces only 

8/8 
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Date 



ST90E20 
ST90E21-ST90E23 

ST9 8K EPROM HCMOS MICROCONTROLLER 

• COMPLETE MICROCONTROLLER, 8K BYTES 
OF EPROM, 256 BYTES OF REGISTER FILE 
WITH 224 GENERAL PURPOSE REGISTERS 
AVAILABLE AS RAM, ACCUMULATOR OR 
INDEX POINTERS. THE ON-CHIP EPROM 
CAN BE PROGRAMMED BY USING THE 
ST90E2X PROGRAMMING BOARD DE­
VELOPED AND DELIVERED BY SGS-THOM­
SON. FULLY COMPATIBLE WITH THE 
STANDARD ROM VERSION 

• 8/16-BIT CORE WITH FULL FEATURE DMA 
CONTROLLER AND POWERFUL INTERRUPT 
HANDLER AND MSPI OR SBUS/12CBUS SER­
IAL INTERFACE 

• UP TO 8 EXTERNAL INTERRUPTS PLUS 1 
NOT MASKABLE INTERRUPT 

• 16-BIT WATCHDOG TIMER FOR SYSTEM IN­
TEGRITY 

• ONE 16-BIT TIMER, WITH AN 8-BIT PRES­
CALER AND 14 OPERATING MODES, ALLOW­
ING EASY USE FOR COMPLEX PWM 
FUNCTIONS AND MANY OTHER TIMING SYS­
TEM FUNCTIONS 

• 2 ON-CHIP DMA CHANNELS ASSOCIATED TO 
THE TIMER 

• FULL FUNCTION SERIAL COMMUNICATION 
INTERFACE (SCI) WITH 110 TO 19200 BAUD 
RATE GENERATOR, ASYNCHRONOUS AND 
BYTE SYNCHRONOUS CAPABILITY (fully pro­
grammable format) AND ADDRESS/WAKE-UP 
BIT OPTION 

• FIVE 8-BIT 1/0 PORTS WITH PROGRAMM­
ABLE INPUT THRESHOLDS AND OUTPUT 
CHARACTERISTICS. ALTERNATE FUNC­
TIONS ALLOW FULL USE OF ALL LINES 

• FULL FEATURES SOFTWARE DEVELOP­
MENTTOOLS, INCLUDING ASSEMBLER, LIN­
KER, C-COMPILER, ARCHIVER, SOFTWARE 
AND HARDWARE EMULATORS 

• PACKAGES AVAILABLE: 
_ ST90E20 48-PIN DUAL IN LINE CERAMIC 

MULTILAYER WITH LENS 
_ ST90E21 40-PIN DUAL IN LINE CERAMIC 

MULTILAYER WITH LENS 
ST90E23 44-LEAD CERAMIC LEADED 
CHIP CARRIER WITH LENS 

July 1988 

ADVANCE DATA 

CDIP48-W CDIP4D-W 

Figure 1 : ST90E20 Pin Configuration. 

GND~ XTALZ 
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RESET/Vpp 3 

A8fP1Q 4 
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A10/P1L 6 
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AIJ/Pis 9 

All.fPlG 10 

AlS/Pl7 11 

A0/00/POQ 12 

A11D11POJ 13 

A21DZ/P02 ll. 

A3103/P0J 15 

A41D-4fP04 16 

AS/DSIPOS 17 
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l.G PSJ 
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1,4 PS3 

t,3 PSt.. 

t,Z PSs 

41 PSG 

t.O PS7 

39 P3o11NT.t.JTOINA 

38 P3JIINT5/T00UTA 

37 P3ziiNT61TOINB 

36 P3]/INT7/TOOUTB 

35 P3t./RXCLK/WDOUT 

34 PJs/CLKOUT/TXCLK/WDJN 

33 P3GI51N 

32 P371SOUT 

A6106/P06 18 31 ] P271RDSTB518USACKI!NT3 

A?ID?IP07 19 30 P2GIROROY5/BUSREO 

P51NMI/P2Q 20 29 Q PZsfETCK/WRROYS 

WAITIMISOIPZJ 21 28 PZt.fWRSTBS/INTl 
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ST90E20-ST90E21-ST90E23 

GENERAL DESCRIPTION 

The ST90E20, ST90E21 and ST90E23 are EPROM 
members of the ST9 family of microcontroller, com­
pletely developed and produced by SGS-THOM­
SON using the HCMOS 1.5).1 n-well process. 

They are fully compatible with their ROM version 
ST9020/21/23 and can be configured as : stand 
alone microcontroller with 8K bytes of on-chip 
EPROM :traditional microcontroller that manage up 
to 120K bytes of external memory, or parallel pro­
cessing elements in a system with other processors 
and peripheral controllers. 

The 8K x 8 on-chip EPROM can be programmed off 
line using the ST90E2X programming board de­
livered by SGS-THOMSON (Order Code 
ST90E2XEPR). 

ARCHITECTURE 

The ST90E20/21/23 architecture is of prime import­
ance due to the modular philosophy of the system. 

The nucleus of the ST90E20/21/23 is an advanced 
Core including the CPU, the Register File, a 16-bit 
Timer/Watchdog with 8-bit prescaler, a Master Ser­
ial Peripheral Interface and SBUS/12CBUS interface, 
and two 8-bit 1/0 Ports. The Core has its own inter­
nal busses in addition to those used as link between 
magacells. 

Microcontroller applications demands powerful 1/0 
capabilities. The ST90E20/21/23 fulfill this with up to 
40 1/0 lines dedicated to Input/Output. These lines 
are grouped into up to 5 ports of eight lines each and 
are configured under software control to provide tim­
ing, status signals, address/data bus for interfacing 
external memory, timer inputs and outputs, external 
interrupts and serial or parallel 1/0 with or without 
handshake. 

Because the multiplexed address/data bus is 
merged with the 1/0 oriented ports, the 
ST90E20/21 /22 can assume many different memory 
and 1/0 configurations. These configurations range 
from a self-contained Microcontroller to a Micropro­
cessor that can address 120K bytes of external mem­
ory. 

Three basic address spaces are available to support 
this wide range of configurations : Program Memory 
(internal and external), Data Memory (external) and 
Register File. 

One 16-bit Timer with an 8-bit prescaler and 14 oper­
ating modes allow easy use for complex PWM func­
tions and many other timing system functions by the 
usage of two associated DMA channels. 

2/4 
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To complete the device a full duplex Serial Communi­
cation Interface is available with 11 0 to 19200 baud 
rate generator, asynchronous and byte synchronous 
capability (fully programmable format) and ad­
dress/wake-up bit option. 

Figure 2 : ST90E21 Pin Configuration. 
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Figure 3 : ST90E23 Pin Configuration. 
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ARCHITECTURE (continued) 

Figure 4 : ST90E20 Block Diagram. 

16-BIT BK BYTES 
TIMER EPROM 

"' 

uo 
PORT 0 

B 
PIN DESCRIPTION 

256 BYTES 
RAM 

I> 

.: 

1/0 
PORT! 

B 

POo -PO?. I/O Port Lines (input/output, TTL or CMOS 
compatible). 8 Lines bit programmable that can be 
configured under program control for 1/0 or multi­
plexed address (AO-A7) and data (D0-07) lines used 
to interface with Program/Data memory. 

P1o-P1?. 1/0 Port Lines (input/outputs, TTL or 
CMOS compatible). 8 Lines bit programmable that 
can be configured under program control for 1/0 or 
external memory expansion (AS-A 15). 

P2o-P2?. 1/0 Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programmable that 
can be configured under program control for 1/0 or, 
in alternate function, as control lines for some of ex­
ternal interrupts, the Master Serial Peripheral Inter­
face and SBUS/I2CBUS interface, the handshake 
protocol or the Timer-DMA control lines of Ports 5, 
the external Bus control lines, the WAIT and Pro­
gram/Data signals and the Timer 0 external clock 
input. 

P3o-P3?. 1/0 Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programable that can 
be configured under program control for 1/0 or, in al­
ternate function, as input and output lines of the multi­
function 16-bit Timer 0 and as Serial Communication 
Interface protocol with its control lines. 

P5o-P5?. 1/0 Port Lines (input/outputs, TTL or 
CMOS compatible) 8 Lines bit programmable that 

ST90E20-ST90E21-ST90E23 

CPU 
WDG 

MSPI SCI TIMER 

" 7 ..: 

loll 110 1/0 
PORT2 PORT3 PORTS 

B B B 

can be configured under program control for 1/0 or, 
in alternate function, to manage the parallel hand­
shake protocol or the Timer-DMA function. 

AS. Address Strobe (output, active low, 3-State). 
Address strobe is pulsed low once at the bEilll_nning 
of each machine cycle. The rising ed_g_e of AS indi­
cates that address, Read/Write (R!W), and Data 
Memory (OM) signals are valid when output for ex­
ternal program or data memory transfers. Under pro­
gram control, AS can be placed in a high-im.Qgflance 
stilliJ along with Ports 0 and 1, Data Strobe (OS), and 
R!W. 

DS. Data Strobe (output, active low, 3-State). Data 
strobe provides the timing for data movement to or 
from Port 0 for each external memory transfer. Dur­
ing a write cycle, data out is valid at the leading edge 
of OS. During a read cyf!.e, data in must be valid prior 
to the trailing edge of DS. 

It can be placed in..E_high imllilndance state along 
with Port 0, Port 1, AS and R!W. 

R/W. Read/Write (output, 3-State). Read/Write 
determines the direction of data transfer for external 
memory transactions. RiW is low when writing to ex­
ternal program or data memory, and high for all other 
transactions. It can be placed in_£_!Jigh-impedance 
state, with Port 0, Port 1, AS and OS. 
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ST90E20-ST90E21-ST90E23 

RESETNpp. Reset or Vpp (input). The ST9 is in­
itialized by Reset signals, active low. With the deac­
tivation of RESET, program execution begins from 
the Program Memory location, pointed by the vector 
contained in program memory locations DOH and 
01 H. If held low, RESET acts a register file protec­
tion during power-down and power-up sequences. In 
Eprom-Mode this pin functions as Vpp and is pulsed 
to 12.5V ± 300mV to perform on-chip EPROM pro­
gramming. 

4/4 
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-----------------

XT AL 1, XTAL2. Crystal1, Crystal2 (oscillator input 
and output). These pins connect a parallel-resonant 
crystal (24MHz maximum), or an external source to 
the on-chip clock oscillator and buffer. XTAL 1-lnput 
of the oscillator inverter and internal clock generator; 
XT AL2-0utput of the oscillator inverter. 

Voo. Main Power Supply Voltage (5V). 

Vss- Digital Circuit Ground. 



ST90E30 
ST90E31-ST90E32 

ST9 8K EPROM HCMOS MICROCONTROLLER 

• COMPLETE MICROCONTROLLER, BK BYTES 
OF EPROM, 256 BYTES OF REGISTER FILE 
WITH 224 GENERAL PURPOSE REGISTERS 
AVAILABLE AS RAM, ACCUMULATOR OR 
INDEX POINTERS. THE ON-CHIP EPROM 
CAN BE PROGRAMMED BY USING THE ST9 
PROGRAMMING BOARD DEVELOPED AND 
DELIVERED BY SGS-THOMSON MICRO­
ELECTRONICS. FULLY COMPATIBLE WITH 
THE STANDARD ROM VERSION 

• 8/16-BIT CORE WITH FULL FEATURE DMA 
CONTROLLER AND POWERFUL INTERRUPT 
HANDLER AND MSPI OR 12CBUS SERIAL IN­
TERFACE 

• 16-BIT WATCHDOG TIMER FOR SYSTEM IN­
TEGRITY 

• TWO 16-BIT TIMERS, EACH WITH AN 8-BIT 
PRESCALER AND 14 OPERATING MODES, 
ALLOWING EASY USE FOR COMPLEX PWM 
FUNCTIONS AND MANY OTHER TIMING SYS­
TEM FUNCTIONS 

• 8-CHANNEL ANALOG TO DIGITAL CONVER­
TER, WITH INTEGRAL SAMPLE AND HOLD, 
FAST 16J..!S CONVERTION TIME AND 8-BIT 
± 1/2 LSB RESOLUTION 

• FULL FUNCTION SERIAL 1/0 INTERFACE 
WITH 110 TO 19200 BAUD RATE GENER­
ATOR, ASYNCHRONOUS AND BYTE SYN­
CHRONOUS CAPABILITY (fully programmable 
format) AND ADDRESS/WAKE-UP BIT OPTION 

• SIX 8-BIT 1/0 PORTS WITH PROGRAMMABLE 
INPUT THRESHOLDS AND OUTPUT CHAR­
ACTERISTICS. ALTERNATE FUNCTIONS 
ALLOW FULL USE OF ALL LINES 

• FULL FEATURES SOFTWARE DEVELOP­
MENTTOOLS, INCLUDING ASSEMBLER, LIN­
KER, C-COMPILER, ARCHIVER, SOFTWARE 
AND HARDWARE EMULATORS 

• AVAILABLE IN 48 DUAL-IN-LINE (ST90E31 ), 64 
DUAL-IN-LINE-SHRINK (ST90E32) AND 68 
LEADED CHIP CARRIER (ST90E30) CERAMIC 
PACKAGES 

June 1988 

ADVANCE DATA 

LLCCSB-W 

Figure 1 : ST90E30 Pin Configuration. 
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ST90E30-ST90E31-ST90E32 

GENERAL DESCRIPTION 

The ST90E30, ST90E31 and ST90E32 are EPROM 
members of the ST9 family of microcontrollers, com­
pletely developed and produced by SGS-THOM­
SON using the HCMOS 1.5J.l n-well process. 

They are fully compatible with their ROM version 
ST9030 and can be configured as : stand alone 
microcontrollers with 8K bytes os on-chip EPROM : 
traditional microcontrollers that manage up to 120K 
bytes of external memory, or parallel processing ele­
ments in a system with other processors and periph­
eral controllers. 

The 8K x 8 on-chip EPROM can be programmed off 
line using the ST9 programming board delivered by 
SGS-THOMSON. 

ARCHITECTURE 

The ST90E30 architecture is of prime importance 
due to the modular philosophy of the system. 

The nucleus of teh ST90E30 is an advanced Core 
including the CPU, the Register File, a 16-bit 
Timer/Watchdog with 8-bit pre scaler, a Master Ser­
ial Peripheral and 12CBUS interface, and two 8-bit 
1/0 Ports. The Core has its own internal busses in 
addition to those used as link between magacells. 
Microcontroller applications demands powerful 1/0 
capabilities. The ST90E30 fulfills this with up to 56 
1/0 lines dedicated to lnpuVOutput. These lines are 
grouped into up to 7 ports of eight lines each and 
are configured under software control to provide tim­
ing, status signals, address/data bus for interfacing 
external memory, timer inputs and outputs, analog 
inputs, external interrupts and serial or parallel 1/0 
with or without handshake. 

Because the multiplexd address/data bus is merged 
with the 1/0 oriented ports, the ST90E30 can as­
sume many different memory and 1/0 configura­
tions. These configurations range from as 
self-contained rnicrocontroller to a Microprocessor 
that can address 120K bytes of external memory. 

Three basic address spaces are available to sup­
port this wide range of configurations : Program 
Memory (internal and external), Data Memory (ex­
ternal) and Register File. 

Two 16-bit Timers. each with an 8-bit prescaler and 
14 operating modes allow easy use for complex 
PWM functions and many other timing system func­
tions. 

In addition there is an 8 channel Analogue to Digi­
tal Converter with integral sample and hold, fast 15J.l 
conversion time and 8-bit ± 1/2 LSB resolution. 

To complete the device a full duplex Serial I/O inter­
face is available with 110 to 19200 baud rate gen-
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erator, asynchronous and byte synchronous capa­
bility (fully programmable format) and ad­
dress/wake-up bit option. 

Figure 2 : ST90E31 Pin Configuration. 

XTAL2 I 46 P54 

Vss 47 P5s 

XTAL1 46 PSG 

RESET/Vpp 45 PS7 

T10UTB/PJ7 44 PGt.fAINL. 

T11NBIP3 6 6 43 AVss 
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TOINB/P3z 10 39 P4SIAIN5 

TOOUTAIPJ1 II 36 PL.JIAINJ 

TO!NAfP3o 12 
ST90E31 
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AOO/POQ 14 35 P2s/INT3/RST85 

AD1/P01 15 34 P2t.IINT1JWSTB5 

A02/P02 16 33 MOSI 

ADJ/P03 17 32 P2ziMCLK/INT2 

AO.t./POt. 16 31 P2JIMISO 

ADS/POs 19 30 P2otNMI 

ADGIPOs 20 29 P7o/SIN 

AD7/P07 " 26 P71/SOUT 

Von. 22 27 P7zl!NTL.ITXCLK/CLKOUT 

A5 23 26 P7JIINT5/RXCLK/AOTRG 

55 24 25 R/W 

Figure 3 : ST90E32 Pin Configuration. 
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ARCHITECTURE (continued) 

Figure 4 : ST9 Core Block Diagram. 

PIN DESCRIPTION 

POo-P07. 1/0 Port Lines (input/output, TIL or 
CMOS compatible). 8 lines bit programmable that 
can be configured under program control for 1/0 or 
multiplexed address (AO-A?) and data (DO-D?) lines 
used to interface with Program/Data memory. 

P1o-Ph. 1/0 Port Lines (input/outputs, TIL or 
CMOS compatible). 8 lines bit programmable that 
can be configured under program control for 1/0 or 
external memory expansion (A8-A15). 

P2o-P27. 1/0 Port Lines (input/outputs, TIL or 
CMOS compatible) 8 lines bit programmable that 
can be configured under program control for 1/0 or, 
in alternate function, as control lines for external in­
terrupts, the Master Serial Peripheral and 12CBUS 
interface and the handshake control lines of Ports 5. 

P3o·P37. 1/0 Port Lines (input/outputs, TIL or 
CMOS compatible) 8 lines bit programmable that 
can be configured under program control for 1/0 or, 
in alternate function, as input and output lines of the 
2 x 16-bit Timers (timer 0 and timer 1). 

P4o-P47. 1/0 Port Lines (input/outputs, TIL or 
CMOS compatible) 8 lines bit programmable that 

ST90 E30-ST90 E31-ST90 E32 

can be configured under program control for 1/0 or, 
in alternate function, as analog inputs of the Analog 
to Digital Converter. 

PSo-PS7. 1/0 Port Lines (input/outputs, TIL or 
CMOS compatible) 8 Lines bit programmable that 
can be configured under program control for 1/0 or, 
in alternate function, to manage the parallel hand­
shake protocol or the Timer-DMA function. 

P7s·Ph 1/0 Port Lines (input/output, TIL or 
CMOS compatible). 8 Lines bit programmable that 
can be configured under program control for 1/0 or, 
in alternate function, as control lines for the Serial 
Communication Controller, the Timer/Watchdog 
input/output lines, the External bus control lines, the 
Wait signal and some of the external Interrupts. 

AVss. Analog Vss of the Analog to Digital Conver­
ter. 

AVoo. Analog Voo of the Analog to Digital Conver­
ter. 

INTO. External Interrupt Input of channel 0. 

INT7. External Interrupt Input of channel 7. 
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ST90E30-ST90E31-ST90E32 

AS. Address Strobe (output, active low, 3-State). 
Address strobe is pulsed low once at the b~nning 
of each machine cycle. The rising edge of AS indi­
cates that address, Read/Write (RIW), and Data 
Memory (DM) signals are valid when output for ex­
ternal program QI_data memory transfers. Under 
program control, AS can be placed in a high-imped­
ance state a.!Q.ng with Ports 0 and 1, Data Strobe 
(DS), and R!W. 

OS. Data Strobe (output, active low, 3-State). Data 
strobe provides the timing for data movement to or 
from Port 0 for each external memory transfer. Dur­
inQ.illVrite cycle, data out is valid at the leading edge 
of DS. During a write cyc@.,_data in must be valid 
prior to the trailing ede of DS. It can be placed i!J..E. 
high im.Qendance state along with Port 0, Port 1, AS 
and R!W. 

RiW. Read/Write (output, 3-State). Read/Write 
determines the direction of data transfer for exter­
nal memory transactions. R!W is low when writing 
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to external program or data memory, and high for 
all other transactions. It can be placed in a bi.Q.h-im­
pedance state, with Port 0, Port 1, AS and DS. 

RESET. Reset (input, active low). The ST9 is in­
itialized by Reset signal. With the deactivation of 
RESET, program execution begins from the Pro­
gram Memory location pointed by the vector con­
tained in program memory locations DOH and 01 H. 
If held low, RESET acts a register file protection dur­
ing power-down and power-up sequences. 

XTAL 1, XT AL2. Crystal 1, Crystal 2 (oscillator 
input and output). These pins connect a parallel-res­
onant crystal (24MHz maximum), or an external 
source to the on-chip clock oscillator and buffer. 
XTAL 1-lnput of the oscillator inverter and internal 
clock generator ; XTAL2-0utput of the oscillator in­
verter. 

Voo. Main Power Supply Voltage (5V). 

Vss. Digital Circuit Ground. 



MAIN FEATURES 
• 100ns MACHINE CYCLE TIME (1.2 CMOS 

Technology) 
• PARALLEL HARVARD ARCHITECTURE 
• TRIPLE DATA BUSES STRUCTURE 
• 3 DATA MODES. SINGLE PRECISION 

. DOUBLE PRECISION 

. COMPLEX 
• 32-BIT INSTRUCTION 
• MULTIPLIER 16 x 16 -> 32, SIGNED AND UN-

SIGNED 
• 32-BIT BARREL SHIFTER, 32-BIT ALU 
• PROVISION FOR FLOATING POINT 
• FOUR 32-BIT ACCUMULATORS, FOUR 

LEVEL 32-BIT FIFO 
• IMMEDIATE AND COMPUTED BRANCH 
• 8-LEVEL STACK 
• g· EXTERNAL AND 3 INTERNAL INTERRUPTS 
• AUTOMATIC LOOP, UP TO 256 TIMES 32 IN­

STRUCTIONS 
• 2 INDEPENDENT PARALLEL BUSES ; LOCAL 

AND SYSTEM 
• FULL SPEED ACCESS TO EXTERNAL 64K x 

16-BIT MEMORY ON THE LOCAL BUS 
• HARDWARE AND/OR SOFTWARE WAIT 

STATES MODE TO ACCESS SLOWER EX­
TERNAL MEMORIES/PERIPHERALS, DMA 
CHANNEL 

• 2 x 16 BYTES FIFO ON THE SYSTEM BUS 
• SERIAL CHANNEL FOR DIRECT INTERFACE 

WITH CODEC, ISDN IC's ... 
• GENERAL PURPOSE PARALLEL PORT 
• ON CHIP DATA RAM 2 x 256 x 16-bit 
• FOUR INDEPENDENT ADDRESS CALCULA­

TION UNITS 
• ADDRESSING MODES: IMMEDIATE, DIRECT, 

INDIRECT WITH POST MODIFICATION, CIR­
CULAR, BIT REVERSED 

• 2 VERSIONS : - ST18940 (PLCC/PGA 84) 
CLOSED VERSION WITH 3K x 32-BIT ON-CHIP 
PROGRAM ROM AND 512 x 16-BIT COEFFI­
CIENT ROM 

- ST18941 (PGA 144) OPEN 
VERSION WITH 64K x 32-BIT OFF-CHIP PRO­
GRAM ROM AND 128 x 16 BIT ON-CHIP COEF­
FICIENT RAM 

• POWER DOWN MODE 
• TYPICAL CONSUMPTION 0.5W 

July 1989 

ST18940/41 

DIGITAL SIGNAL PROCESSOR 
ADVANCE DATA 

ST18941- PIN GRID ARRAY -144-pin 

ST18940- PLASTIC LEADED CHIP CARRIER- 84-pin 

ST18940- PIN GRID ARRAY- 84-pin 

• WITH VERY HIGH SPEED COMPUTATION 
POWER, THE ST18 DIGITAL SIGNAL PRO­
CESSOR FAMILY CAN BE USED IN AUTOMO­
TIVE ENVIRONMENT IN APPLICATIONS 
SUCH AS: 
- ENGINE CONTROL 
_ VIBRATION ANALYSIS 
_ ANTISKID BRAKES 
_ ADAPTIVE RIDE CONTROL 
_ GLOBAL POSITIONING 
- NAVIGATION 
_ VOICE COMMANDS 
_ AUDIO PROCESSING 

1/4 
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ST18940/41 

Figure 1 : ST18 Family Highlights. 

PERFORMANCE 
ON CHIP RESOURCES 

HAlOS 2um 

1986 

DEVELOPMENT SYSTEM 
The ST18940-41 is supported by a complete set of 
hardware and software tools for system develop­
ment. The software package includes an assem­
bler/linker, a simulator, and a "C" compiler and 
optimizer which run under several VAX and PC 

DESCRIPTION 
The ST18940/41 Digital Signal Processor is a mem­
ber of SGS-THOMSON Microelectronics ST18 fam­
ily. 

The ST18 family comprises 3 products covering a 
wide spectrum of DSP applications. Complete de­
velopment tools (hardware and software) are avail­
able as aids to efficient system designs. 

The first processor in the ST18 family is the 
TS68930/31 (NMOS) with a 160ns machine cycle 
time. The second member of the family, the 
ST18930/31, is a CMOS version of the TS68930 
with a faster instruction cycle time (SOns) and the in­
clusion of additional hardware and software fea­
tures (The ST18930 is pin compatible with the 
TS68930). 

The ST18940/41, which is described in this data­
sheet, is the third member in the family. It is upward 
compatible with the other members of the family, but 
provides enhanced arithmetic capabilities, address­
ing modes and additional 1/0 functions. 

It is an advanced HCMOS single chip general pur­
pose DSP designed for fast arithmetic intensive ap-
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CMOS t.2um 
Standard ct~lls 

1989 TIME 

operating systems. Hardware tools include a stand­
alone emulator, an EPROM emulation module, a 
multiprocessor development station and an evalu­
ation module (PC compatible). 

plications in the areas of telecommunications, mod­
ems, speech processing, graphic/image processing 
spectrum analysis, audio processing, digital filter­
ing, high speed control, instrumentation, numeric 
processing ... 

The ST18940 structure is based on a triple 16-bit 
data bus, a 16 x 16 multiplier, a 32-bit ALU. The po­
werful parallel and serial Input/Output interfaces and 
the DMA channel contribute to the flexibility of the 
system interface with external environment. 

Two versions are available : 

_ the ST18940 includes 3K x 32-bit program 
ROM and 512 x 16-bit coefficient ROM. 

_ the ST18941 microprocessor version can ad­
dress up to 64K of program memory on a de­
dicated bus, thus providing true real-time 
emulation of the ST18940 ROM version. In 
addition to the two internal RAMs (X andY), 
a 128 x 16-bit coefficient RAM is included for 
coefficient memory emulation. 



Figure 2 : ST18940/41 Logic Functions. 

rJ) 
::J 
m DATA.__. 
::;; 
w 
1-- ADDRESS 
~ 
rJ) 

INTERRUPT 

SUPPLY/CLOCK 

MASKED VERSION ST18940 

3K X 32 PROGRAM ROM 

512 X 16 COEF. ROM 

32BIT I ALU 
BARREL SHIFTER 
4ACCU 
FIFO 

(16,16) X (16,16)--> (32,32) MULTIPLIER 

2X256X 16 RAM 

PARALLEL PORT 

DMAISERIAL PORT 

MAILBOX 

128 X 16 COEF. RAM 

OPEN VERSION ST18941 

5118940/41 

~ADDRESS 

...--.cONTROL 

rJ) 
::J 
ID 

-' 
5 
0 
-' 

INTERRUPT 
._.... PARALLEL PORT 

4---+ DMNSERIAL PORT 

~ADDRESS 

+--DATA 

4---+CONTROL 

3/4 

831 



ST18940/41 

Figure 3 : ST18940/41 Block Diagram. 
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FUNCTIONAL DESCRIPTION 

One of the key features of the ST1840/41 is that all 
hardware resources have been designed to support 
the following three data types : 
- simple precision : 16-bit data 

-double precision : 32-bit data 
- complex : 16-bit real and 16-bit imaginary 

Any one of the above three arithmetic modes can 
be dynamically selected by means of a single pro­
gram instruction. Once the mode has been selected, 
all resources (such as ALU, memories, registers, 
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multiplier) are automatically configured for the ap­
propriate operations. The same assembler instruc­
tions are used in all three modes. In 
double-precision and complex modes the data are 
stored in two contiguous memory locations, with an 
automatic adjustment of the address calculation 
unit. Two's complement representation is used 
throughout. In real mode, all instructions except 
branch are executed in one cycle time. In complex 
and double precision modes, all instructions are ex­
ecuted in two cycle times. 



~ SGS·ntOMSON BZW04-5V8, B ~ 376, B 
.._~I [RIA]D©~@rnlbrn©vrm@lR!lD©~ ezwo4Psvs, e ~ 376, e 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
400 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.8 v -7376 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb =50 °C 

T1 Initial = 25 oc 
t = 10 ms 

F 126 
{Plastic) 

Value 

400 

1.7 

50 

Unit 

w 

w 
A 

Tstg Storage and Operating Junction Temperature Range -55 to 150 oc 
Ti 150 oc 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 •c 

from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

Note : 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. 

January 1989 

Value 

60 

1 V\-_1PP 10 8 Pulse wave forll 10/1000 

100-oi---.....L-

500 J 
~-----------------~------------~·t 

1 88 D88TRANSIL 1 
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BZW04-5V8, B -> 376, B/BZW04P5V8, B -> 376, B 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 

lpp Peak Pulse Current 

aT Temperature Coefficient of V(BRI 

c Capacitance 

tclampmg Clamping Time (0 volt to v(BR)) I Unidirectional Types 

I Bidirectional Types 

Types lAM @ VAM V (BR)* @ 

max. (V) 

Unidirectional Bidirectional (~A) (V) min. nom. max. 

p BZW04P5V8 p BZW04P5V88 1000 5.8 6.45 6.8 7.48 
BZW04-5V8 BZW04-5V88 1000 5.8 6.45 6.8 7.14 
BZW04P6V4 p BZW04P6V48 500 6.4 7.13 7.5 8.25 
BZW04-6V4 BZW04-6V48 500 6.4 7.13 75 7.88 
BZW04P7VO p BZW04P7VOB 200 7.02 7.79 8.2 9.02 
BZW04-7VO BZW04-7VOB 200 7.02 7.79 8.2 8.61 
BZW04P7V8 BZW04P7V8B 50 7.78 8.65 9.1 10.0 
BZW04-7V8 BZW04-7V8B 50 7.78 8 65 91 9 55 
BZW04P8V5 BZW04P8V5B 10 8.55 9.50 10 11.0 
BZW04-8V5 BZW04-8V58 10 8.55 9.50 10 10.50 

p BZW04P9V4 p BZW04P9V48 5 9.4 10.5 11 12.1 
BZW04-9V4 BZW04-9V48 5 9.4 10.5 11 11.6 
BZW04P10 BZW04P108 5 10.2 11.4 12 13.2 
BZW04-10 BZW04-108 5 10.2 11.4 12 12.6 

p BZW04P11 p BZW04P118 5 11.1 12.4 13 14.3 
BZW04-11 BZW04-118 5 11.1 12.4 13 13.7 

p BZW04P13 p BZW04P138 5 12.8 14.3 15 16.5 
BZW04-13 BZW04-138 5 12.8 14 3 15 15.8 

p BZW04P14 p BZW04P148 5 13.6 15.2 16 17.6 
BZW04-14 BZW04-148 5 13.6 15.2 16 16 8 

p BZW04P15 p BZW04P158 5 15.3 17.1 18 19.8 
BZW04-15 BZW04-158 5 15.3 17.1 18 18.9 
BZW04P17 BZW04P178 5 17.1 19 20 22 
BZW04-17 BZW04-178 5 17.1 19 20 21 
BZW04P19 BZW04P198 5 18 8 20.9 22 24.2 
BZW04-19 BZW04-198 5 18.8 20.9 22 23.1 
BZW04P20 P BZW04P20B 5 20.5 22 8 24 26 4 
BZW04-20 BZW04-208 5 20.5 22.8 24 25.2 

p BZW04P23 BZW04P23B 5 23.1 25.7 27 29.7 
BZW04-23 BZW04-238 5 23.1 25.7 27 28.4 

p BZW04P26 p BZW04P268 5 25.6 28.5 30 33 
BZW04-26 BZW04-268 5 25.6 28.5 30 31.5 
BZW04P28 p BZW04P288 5 28.2 31.4 33 36.3 
BZW04-28 BZW04-288 5 28.2 31.4 33 34.7 

p BZW04P31 p BZW04P318 5 30.8 34.2 36 39.6 
BZW04-31 BZW04-318 5 30.8 34 2 36 37.8 

p BZW04P33 BZW04P338 5 33 3 37.1 39 42.9 

• Pulse test tp ,; 50 ms 5 < 2 %. 
" Divide these values by 2 for bid~rec!lonal types. 
For bidirectional types, electncal characteristics apply in both directions. 
P : Preferred dev1ce. 
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lA V (CL) @ lpp 
max. 

1ms expo 

(mA) (V) (A) 

10 10.5 38 
10 10.5 38 
10 11.3 35.4 
10 11.3 35.4 
10 12.1 33 
10 12.1 33 

1 13.4 30 
1 13.4 30 
1 14.5 27.6 
1 14.5 27.6 
1 15.6 25.7 
1 15.6 25.7 
1 16.7 24 
1 16.7 24 
1 18.2 22 
1 18.2 22 
1 21.2 19 
1 21.2 19 
1 22.5 17.8 
1 22.5 17.8 
1 25.2 16 
1 25.2 16 
1 27.7 14.5 
1 27.7 14.5 
1 30.6 13 
1 30.6 13 
1 33.2 12 
1 33.2 12 
1 37.5 10.7 
1 37.5 10 7 
1 41.5 96 
1 41.5 9.6 
1 45.7 88 
1 45.7 88 
1 49.9 8 
1 49.9 8 
1 53.9 7.4 

Value 

See tables 

1 ps max. 

5 ns max. 

V(CL) @ lpp UT c .. 
max. max. typ. 

VR=O 
8-20~s expo 1:1 MHz 

(V) (A) (1 o-•roc) (pF) 

13.4 174 5.7 3500 
13.4 174 5.7 3500 
14.5 160 6.1 3100 
14.5 160 6.1 3100 
15.5 148 6.5 2700 
15.5 148 6.5 2700 
17.1 134 6.8 2300 
17.1 134 6.8 2300 
18.6 258 7.3 2000 
18.6 258 7.3 2000 
20.3 236 7 5 1750 
20.3 236 7.5 1750 
21 7 221 7.8 1550 
,21.7 221 7.8 1550 
23.6 203 8.1 1450 
23.6 203 8.1 1450 
27.2 176 8.4 1200 
27.2 176 8.4 1200 
28.9 166 8.6 1100 
28.9 166 8.6 1100 
32.5 148 8.8 975 
32 5 148 8.8 975 
361 133 9 0 850 
36.1 133 9.0 850 
39.3 122 9.2 800 
39.3 122 9.2 800 
42.8 112 9.4 725 
42.8 112 9.4 725 
48.3 99 9.6 625 
48.3 99 9.6 625 
53.5 90 9.7 575 
53 5 90 9.7 575 
59 81 5 9.8 510 
59 81.5 9.8 510 
64.3 74 5 9.9 480 
64.3 74.5 9.9 480 
69.7 69 10.0 450 



8ZW04·5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 

Types IRM@ VRM V(BR)* @ 
max. (V) 

Unidirectional Bidirectional (I! A) (V) min. nom. max. 

BZW04-33 BZW04-33B 5 33.3 37.1 39 41 
BZW04P37 p BZW04P37B 5 36.8 40 9 43 47.3 
BZW04-37 BZW04-37B 5 36 8 40 9 43 45.2 
BZW04P40 BZW04P40B 5 40.2 44.7 47 51.7 
BZW04-40 BZW04-40B 5 40.2 44.7 47 49.4 
BZW04P44 BZW04P44B 5 43.6 48.5 51 56.1 
BZW04-44 BZW04-44B 5 43.6 48.5 51 53.6 
BZW04P48 BZW04P488 5 47.8 53.2 56 61 6 
BZW04·48 BZW04-48B 5 47.8 53.2 56 58.8 
BZW04P53 BZW04P53B 5 53 58.9 62 68.2 
BZW04·53 BZW04·53B 5 53 58 9 62 65.1 
BZW04P58 BZW04P58B 5 58.1 646 68 74.8 
BZW04·58 BZW04-58B 5 58.1 64.6 68 71.4 
BZW04P64 BZW04P64B 5 64.1 71.3 75 82.5 
BZW04-64 BZW04·64B 5 64.1 71.3 75 78.8 
BZW04P70 p BZW04P70B 5 70.1 77.9 82 90 2 
BZW04-70 BZW04-70B 5 70.1 77.9 82 86.1 
BZW04P78 BZW04P78B 5 77.8 86.5 91 100 
BZW04·78 BZW04-78B 5 77.8 86.5 91 95 5 

p BZW04P85 BZW04P85B 5 85.5 95 100 110 
BZW04-85 BZW04-85B 5 85 5 95 100 105 
BZW04P94 BZW04P94B 5 94 105 110 121 
BZW04-94 BZW04-94B 5 94 105 110 116 
BZW04P102 BZW04P102B 5 102 114 120 132 
BZW04-102 BZW04·102B 5 102 114 120 126 

p BZW04P111 BZW04P111B 5 111 124 130 143 
BZW04-111 BZW04-111B 5 111 124 130 137 

p BZW04P128 p BZW04P128B 5 128 143 150 165 
BZW04·128 BZW04-128B 5 128 143 150 158 

p BZW04P136 p BZW04P1368 5 136 152 160 176 
BZW04·136 BZW04-136B 5 136 152 160 168 

p BZW04P145 BZW04P145B 5 145 161 170 187 
BZW04-145 BZW04-145B 5 145 161 170 179 
BZW04P154 BZW04P154B 5 154 171 180 198 
BZW04-154 BZW04·154B 5 154 171 180 189 
BZW04P171 BZW04P171B 5 171 190 200 220 
BZW04·171 BZW04·171B 5 171 190 200 210 
BZW04P188 p BZW04P188B 5 188 209 220 242 
BZW04-188 BZW04-188B 5 188 209 220 231 

p BZW04P213 BZW04P213B 5 213 237 250 275 
BZW04-213 BZW04-213B 5 213 237 250 263 

p BZW04P239 BZW04P239B 5 239 266 280 308 
BZW04-239 BZW04-239B 5 239 266 280 294 
BZW04P256 BZW04P256B 5 256 285 300 330 
BZW04-256 BZW04-256B 5 256 285 300 315 
BZW04P273 BZW04P2738 5 273 304 320 352 
BZW04·273 BZW04·273B 5 273 304 320 336 

p BZW04P299 BZW04P299B 5 299 332 350 385 
BZW04·299 BZW04-299B 5 299 332 350 368 
BZW04P342 BZW04P342B 5 342 380 400 440 
BZW04-342 BZW04-342B 5 342 380 400 420 
BZW04P376 BZW04P376B 5 376 418 440 484 
BZW04-376 BZW04-376B 5 376 418 440 462 

• Pulse test tp s 50 ms 5 < 2 %. 
•• D1vide these values by 2 for b1d1rect10nal types. 
For bidirectional types, electncal charactenst1cs apply 1n both d1rec110ns. 
P : Preferred dev1ce. 

IR V(CL) @ lpp V(CL) @ lpp ay C** 
max. max. max. typ. 

VR:O 
1ms expo 8-2011s expo f:1 MHZ 

(mA) (V) (A) (V) (A) (10" 4/°C) (pF) 

1 53.9 7.4 69.7 69 10.0 450 
1 59.3 6.7 76.8 62.5 10.1 400 
1 59.3 6.7 76.8 62.5 10.1 400 
1 64.8 6.2 84 57 10.1 370 
1 64.8 62 84 57 10.1 370 
1 701 5.7 91 52.5 10.2 350 
1 701 5.7 91 52.5 10.2 350 
1 77 5.2 100 48 10.3 320 
1 77 52 100 48 10.3 320 
1 85 4.7 111 43 10.4 290 
1 85 4.7 111 43 10 4 290 
1 92 43 121 39.5 10.4 270 
1 92 4.3 121 39.5 10 4 270 
1 103 3.9 134 36 10.5 250 
1 103 3.9 134 36 10.5 250 
1 113 3.5 146 33 10.5 230 
1 113 3.5 146 33 10.5 230 
1 125 3.2 162 29.5 10.6 210 
1 125 3.2 162 29.5 10.6 210 
1 137 2.9 178 27 10.6 200 
1 137 2.9 178 27 10.6 200 
1 152 2.6 195 24.5 10.7 185 
1 152 2.6 195 24.5 10.7 185 
1 165 2.4 212 22.5 10.7 170 
1 165 2.4 212 22.5 10.7 170 
1 179 2.2 230 20 8 10.7 165 
1 179 2.2 230 20 8 10.7 165 
1 207 2.0 265 181 10.8 145 
1 207 2.0 265 18.1 10.8 145 
1 219 1.8 282 17 10.8 140 
1 219 1.8 282 17 10.8 140 
1 234 1.7 301 16 10.8 135 
1 234 1.7 301 16 10 8 135 
1 246 1.6 317 15.1 10.8 125 
1 246 1.6 317 15.1 10.8 125 
1 274 1.5 353 13.6 10.8 120 
1 274 1.5 353 13.6 10.8 120 
1 301 1 4 388 12.4 10.8 110 
1 301 1.4 388 12.4 10.8 110 
1 344 1.5 442 12 11 100 
1 344 1.5 442 12 11 100 
1 384 1.5 494 12 11 95 
1 384 1.5 494 12 11 95 
1 414 1.2 529 10 11 90 
1 414 1.2 529 10 11 90 
1 438 1 2 564 10 11 85 
1 438 1.2 564 10 11 85 
1 482 0.9 618 9 11 80 
1 482 0.9 618 9 11 80 
1 548 09 706 8 11 75 
1 548 09 706 8 11 75 
1 603 0.8 776 8 11 70 
1 603 0.8 776 8 11 70 
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BZW04-5V8, 8 -> 376, B/BZW04P5V8, 8 -> 376, 8 

4/6 

836 

·n 

Tj initial 25 •c 
taB P 

(H) 

II 1111 II Ill 
VsR < 10 V ····-····· 
10 V ~ VsR < 250 V 

VsR ;l' 250 V ---

... - .. .. 1;::.-

r--
.... 

tp (msl expo 

10 10-3 10 

Fly .1 - Peak pulse power versus exponential pulse duration. 

103 VeL (V) 

BZW 04P376 
BZW 04P299::: =··· ·- ..... ·. ,.. ... _. ·-· ..... . 

10 

BZW 04P12B 

BZW 04P78 

BZW 04P53 

BZW ~4Pn 

BZW 04PBV5 

BZW 04P5VB 

·-······. .. ....... 
.......... ····· 

---·-·· ..... ····· 

10 

Fig. 2 - Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ·······-· 

t ~ 1 ms ---
= 10 ms --

lpp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : t.V (BR) =IX T (V (BR)) X (T i - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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BZW04-5V8, B -> 376, B/BZW04P5V8, B -> 376, B 
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Fig .3 - Allowable power dissipation versus 
i unction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
i unction-•mbient for mounting n°2 
versus pulse duration (L = 10 11111) • 
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Fig.4 - Power dissipation versus ambient 
temperature. 

Mounting n• 1 
INFINITE HEATSINK 

Mounting n• 2 
PRINTED CIRCUIT 

~.~ 

10 

tconnexion Soldering 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types). 
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BZW04-5V8, B -> 376, B/BZW04P5V8, B -> 376, B 

4 C (pF) 
10 

~04P5VB 

~1 oJ;,TJ 
~4P26 

~ ~04PJ7J 

ezw 04P342 

10 

10 

Tj - 25 "C 
f - I MHz 

- -
VA (V) 

100 500 

4 C (pF) 
10 

BZW 04P5V88 

lizw 04P13B 

BZW 04~268. 

BZW 04P588 

BZW 04P171B 

BZW 04P342B 
10 

Tj 25 °C 
f a I MHZ 

VA (V) 

10 100 500 

Flg.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 

Fig .Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

F 126 Plastic 

L 

note 1 L1 

II I 

G 

-l---1-1- - ~------

II I 
I 
I 
I 

0 b2 I 
I '---

note 2 

Millimeters 
Ref. 

Inches 

Min. Max. Min. Max. 

0 b2 0.76 0 86 0.029 0.034 

(typical values) . 
D88BZW04P6 

L 

L1 note I 

I II 
1-f- f----1-·- -

I II I 
I 

0 b2 
I 
I 

-

Notes 

0D 2.95 3.05 0.116 0.120 1 · The lead diameter 0 b2 is not controlled over zone L1 . 

G 6.05 6.35 0.238 0.250 
2 • The min1mum axial lengh within which the device may be placed with 

L 26 - 1.024 - its leads bent at rrght angles is 0.59" (15 mm). 

L, - 1.27 - 0.050 

Cool1ng method . by convection (method A). 
Marking : type number ; wh1te band 1ndrcates cathode for unidirectional types. 
We1ght : 0.4 g. 
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~ SGS·ntOMSON P6KE6V8P, A ~ 440P, A 

6. ~I ~D~rnl©rnO:,rn~ll'iru©[R!]D~~ PsKEsvacP, cA ~ 44ocP, cA 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
600 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.8 v~376V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER+ SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb = 75 °C 

T1 Initial = 25 oc 
t = 10 rns 

/ 
CB-417 
(Plastic) 

Value 

600 

5 

100 

Unit 

w 

w 

A 

Tstg Storage and Operating Junction Temperature Range -55 to 175 oc 
Tl 175 oc 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 oc 

from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L;ead = 10 mm 
Note : 1. For surges upper than the maximum values. 

the diode will present a short-circUit anode-cathode. 

February 1989 

Value 

20 

1 ~1PP 10 8 Pulse w11ve forll 10/1000 
100-ol-_ _._ 

5:~.t 
1 IB DBBTRANSIL 1 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

aT Temperature Coefficient of VrsR) 

c Capacitance 

tclampmg Clamping Time (0 volt to v(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

VFM Forward Voltage Drop for Unidirectional Types (IFM =50 A) 3.5 V max. 

Types lAM @ VRM V(BR). @ lA V(CL) @ lpp V(cl) @ lpp UT 
max. (V) max. max. max. 

1 ms expo 8-20 f!S expo 

Unidirectional Bidirectional (f!A) (V) min. nom. max. (mA) (V) (A) (V) (A) (10 'rc) 
p P6KE6V8P p P6KE6V8CP tOOO§ 5.8 6.45 68 7.48 tO 10 5 57 13.4 26t 5.7 

P6KE6V8A P6KE6V8CA tOOO§ 5.8 6.45 68 7.t4 10 t 0.5 57 t3.4 26t 5.7 
p P6KE7V5P p P6KE7V5CP 500§ 6.4 7.13 7.5 8.25 10 t1.3 53 t4.5 24t 6.t 

P6KE7V5A P6KE7V5CA 500§ 6.4 7.13 7.5 7.88 10 t1.3 53 t4.5 24t 6.t 
p P6KE8V2P P6KE8V2CP 200§ 7.02 7.79 8.2 9.02 10 t2.1 50 t5.5 226 6.5 

P6KE8V2A P6KE8V2CA 200§ 7.02 7.79 8.2 8.6t 10 t2.1 50 t5.5 226 6.5 
P6KE9VtP P6KE9VtCP 50§ 7.78 8.65 91 10 1 t3.4 45 t7.t 205 6.8 
P6KE9VtA P6KE9VtCA 50§ 7.78 8.65 9.1 9.55 1 13.4 45 17.t 205 6.8 
P6KE10P P6KE10CP 10§ 8.55 9.5 10 1t 1 14.5 4t t8.6 387 7.3 
P6KEtOA P6KEtOCA tO§ 8.55 9.5 10 10.5 1 14.5 4t t8.6 387 7.3 
P6KEttP P6KEttCP 5§ 9.4 t0.5 tt t2.1 1 t5.6 38 20.3 355 7.5 
P6KEttA P6KEttCA 5§ 9.4 t0.5 1t t1.6 t t5.6 38 20.3 355 7.5 

p P6KE12P p P6KEt2CP 5 t0.2 t1.4 t2 t3.2 t t6.7 36 2t.7 332 7.8 
P6KE12A P6KEt2CA 5 t0.2 tt.4 12 12.6 1 t6.7 36 2t.7 332 7.8 

p P6KE13P p P6KE13CP 5 t1.t 12.4 t3 14.3 1 t8.2 33 23.6 305 8.t 
P6KE13A P6KE13CA 5 t1.1 12.4 t3 13.7 1 18.2 33 23.6 305 8.t 

p P6KE15P p P6KE15CP 5 12.8 14.3 t5 16.5 1 21.2 28 27.2 265 8.4 
P6KE15A P6KEt5CA 5 t2.8 14.3 t5 15.8 1 21.2 28 27.2 265 8.4 
P6KE16P P6KEt6CP 5 t3.6 15.2 t6 17.6 1 22.5 27 28.9 249 8.6 
P6KEt6A P6KEt6CA 5 t3.6 t5.2 16 16.8 1 22 5 27 28.9 249 8.6 

P P6KEt8P p P6KEt8CP 5 t5.3 t7.1 18 19.8 1 25 2 24 32.5 222 8.8 
P6KEt8A P6KEt8CA 5 15.3 t7.t t8 18.9 t 25.2 24 32.5 222 8.8 

p P6KE20P P6KE20CP 5 17.t t9 20 22 t 27.7 22 36.t t99 90 
P6KE20A P6KE20CA 5 17.t t9 20 2t t 27.7 22 36.1 t99 9.0 
P6KE22P p P6KE22CP 5 18.8 20.9 22 24.2 1 30.6 20 39.3 t83 9.2 
P6KE22A P6KE22CA 5 18.8 20.9 22 23.1 1 30.6 20 39.3 t83 9.2 
P6KE24P P6KE24CP 5 20.5 22.8 24 26.4 1 33.2 18 42.8 t68 9.4 
P6KE24A P6KE24CA 5 20.5 22.8 24 25 2 1 33.2 18 42 8 t68 9.4 

p P6KE27P P6KE27CP 5 23.t 25.7 27 29.7 1 37.5 16 48 3 t49 9.6 
P6KE27A P6KE27CA 5 23 t 25.7 27 28.4 1 37.5 16 48.3 t49 9.6 

p P6KE30P P6KE30CP 5 25 6 28.5 30 33 1 41.5 14 5 53.5 134 9.7 
P6KE30A P6KE30CA 5 25.6 28.5 30 31.5 1 4t.5 14.5 53.5 134 9.7 

p P6KE33P p P6KE33CP 5 28.2 3t.4 33 36.3 t 45 7 t3.t 59 t22 9.8 
P6KE33A P6KE33CA 5 28.2 3t.4 33 34.7 1 45.7 t3.t 59 t22 9.8 

p P6KE36P P6KE36CP 5 30.8 34.2 36 39.6 t 49.9 t2 64.3 tt2 9.9 
P6KE36A P6KE36CA 5 30.8 34.2 36 37.8 1 49.9 t2 64.3 112 9.9 

• Pulse test tp,; 50 ms 8 < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectiOnal types P6KE6V8CP-> 11 CA, IRM musl be double lhat specified for umdireclional types. 
For bidirectional types, electrical characteristics apply in bolh directions. 
P : Preferred device. 
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c .. 
typ 

VR=O 
1:1 MHz 

(pf) 

4000 
4000 
3700 
3700 
3400 
3400 
3100 
3100 
2800 
2800 
2500 
2500 
2300 
2300 
2t50 
2150 
t900 
t900 
t800 
1800 
1600 
1600 
1500 
t500 
1350 
1350 
1250 
1250 
1t50 
1t50 
t075 
t075 
tOOO 
tOOO 
950 
950 



P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

Types IRM @ VRM V(BR)' @ 

max. (V) 

Unidirectional Bidirectional (~A) (V) min. nom. max. 
p P6KE39P P P6KE39CP 5 33.3 37.1 39 42.9 

P6KE39A P6KE39CA 5 33.3 37.1 39 41 
P6KE43P P6KE43CP 5 36.8 40.9 43 47.3 
P6KE43A P6KE43CA 5 36.8 40.9 43 45 2 
P6KE47P P P6KE47CP 5 40.2 44.7 47 51.7 
P6KE47A P6KE47CA 5 40.2 44.7 47 49.4 

p P6KE51P P6KE51CP 5 43.6 48.5 51 561 
P6KE51A P6KE51CA 5 43 6 48.5 51 53.6 

p P6KE56P P6KE56CP 5 47.8 53 2 56 61.6 
P6KE56A P6KE56CA 5 47.8 53 2 56 58.8 
P6KE62P P6KE62CP 5 53 58.9 62' "68.2 
P6KE62A P6KE62CA 5 53 58.9 62 65.1 

p P6KE68P P6KE68CP 5 58.1 64.6 68 74.8 
P6KE68A P6KE68CA 5 58.1 64.6 68 71.4 
P6KE75P P6KE75CP 5 64.1 71.3 75 82.5 
P6KE75A P6KE75CA 5 64.1 71.3 75 78.8 

p P6KE82P P6KE82CP 5 70.1 77.9 82 90.2 
P6KE82A P6KE82CA 5 70.1 77.9 82 86.1 
P6KE91 P P6KE91CP 5 77.8 86.5 91 100 
P6KE91A P6KE91CA 5 77.8 86.5 91 95.5 
P6KE1 OOP P6KE100CP 5 85.5 95 100 110 
P6KE100A P6KE100CA 5 85.5 95 100 105 
P6KE110P P6KE110CP 5 94 105 110 121 
P6KE110A P6KE110CA 5 94 105 110 116 
P6KE120P P6KE120CP 5 102 114 120 132 
P6KE120A P6KE120CA 5 102 114 120 126 

p P6KE130P P6KE130CP 5 111 124 130 143 
P6KE130A P6KE130CA 5 111 124 130 137 
P6KE150P P6KE150CP 5 128 143 150 165 
P6KE150A P6KE150CA 5 128 143 150 158 
P6KE160P P P6KE160CP 5 136 152 160 176 
P6KE160A P6KE160CA 5 136 152 160 168 
P6KE170P P6KE170CP 5 145 161 170 187 
P6KE170A P6KE170CA 5 145 161 170 179 

p P6KE180P P6KE180CP 5 154 171 180 198 
P6KE180A P6KE180CA 5 154 171 180 189 

p P6KE200P P6KE200CP 5 171 190 200 220 
P6KE200A P6KE200CA 5 171 190 200 210 
P6KE220P P6KE220CP 5 188 209 220 242 
P6KE220A P6KE220CA 5 188 209 220 231 

p P6KE250P P6KE250CP 5 213 237 250 275 
P6KE250A P6KE250CA 5 213 237 250 263 
P6KE280P P6KE280CP 5 239 266 280 308 
P6KE280A P6KE280CA 5 239 266 280 294 
P6KE300P P6KE300CP 5 256 285 300 330 
P6KE300A P6KE300CA 5 256 285 300 315 
P6KE320P P6KE320CP 5 273 304 320 352 
P6KE320A P6KE320CA 5 273 304 320 336 
P6KE350P P6KE350CP 5 299 332 350 385 
P6KE350A P6KE350CA 5 299 332 350 368 

p P6KE400P P P6KE400CP 5 342 380 400 440 
P6KE400A P6KE400CA 5 342 380 400 420 

p P6KE440P P6KE440CP 5 376 418 440 484 
P6KE440A P6KE440CA 5 376 418 440 462 

• Pulse test t, ,; 50 ms 8 < 2 %. 
•• Div1de these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 

IR V (CL) @ lpp VeL @ lpp ar C" 
max. max. max. typ. 

VR=O 
1 ms expo 8-20 ~s expo 1:1 MHz 

(rnA) (V) (A) (V) (A) {1 o- 4/"C) {pF) 

1 53.9 11.1 69.7 103 10.0 900 
1 53.9 11.1 69.7 103 10.0 900 
1 59.3 10.1 76.8 94 10.1 850 
1 59.3 10.1 76 8 94 10.1 850 
1 64.8 9.3 84 86 10.1 800 
1 .64.8 9.3 84 86 10.1 800 
1 70.1 8.6 91 79 10.2 750 
1 70.1 8.6 91 79 10.2 750 
1 77 7.8 100 72 10.3 700 
1 77 7.8 100 72 10.3 700 
1 85 7.1 111 65 10.4 650 
1 85 7.1 111 65 10.4 650 
1 92 6.5 121 59.5 10.4 625 
1 92 6.5 121 59.5 10.4 625 
1 103 5.8 134 53.5 10.5 575 
1 103 5.8 134 53.5 10.5 575 
1 113 5.3 146 49 10.5 550 
1 113 5.3 146 49 10.5 550 
1 125 4.8 162 44.5 10.6 525 
1 125 4.8 162 44.5 10.6 525 
1 137 4.4 178 40.5 10.6 500 
1 137 4.4 178 40.5 10.6 500 
1 152 3.9 195 37 10.7 470 
1 152 3.9 195 37 10.7 470 
1 165 3.6 212 34 10.7 450 
1 165 3.6 212 34 10.7 450 
1 179 3.4 230 31.5 10.7 420 
1 179 3.4 230 31.5 10.7 420 
1 207 2.9 265 27.2 10.8 400 
1 207 2.9 265 27.2 10.8 400 
1 219 2.7 282 25.5 10.8 380 
1 219 2.7 282 25.5 10.8 380 
1 234 2.6 301 24 10.8 370 
1 234 26 301 24 10.8 370 
1 246 2.4 317 22.7 10.8 360 
1 246 2.4 317 22.7 10.8 360 
1 274 2.2 353 20.4 10.8 350 
1 274 2.2 353 20.4 10.8 350 
1 301 2 388 18.6 10.8 330 
1 301 2 388 18.6 10.8 330 
1 344 2 442 19 11 310 
1 344 2 442 19 11 310 
1 384 2 494 18 11 300 
1 384 2 494 18 11 300 
1 414 1.6 529 14 11 290 
1 414 1.6 529 14 11 290 
1 438 1.6 564 14 11 280 
1 438 1.6 564 14 11 280 
1 482 1.6 618 14 11 270 
1 482 1.6 618 14 11 270 
1 548 1.3 706 11 11 360 
1 548 1.3 706 11 11 360 
1 603 1.3 776 11 11 350 
1 603 1.3 776 11 11 350 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig.l- Peak pulse power versus exponential pulse duration. 
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········· 
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::I'_BKE lOOP 
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········· 
PSKEJ 22r 
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.... .... ····· .. . ... 
PSKE 12P ····· 
PSKE BVBP 
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10 1 10 

Fig.2 - Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 ps ·········· 

t= lms---
t = 10 liS--

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula: IIV(BR) =IXT(V(BR)) X !Tj- 25] X V(BR) 
For intermediate voltages. extrapolate the given results. 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig .3 - Allowable power dissipation versus 
i unction temperature. 
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Fig .5 - Thermal f'esistance versus 
lead length. 
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Fig.6 - Transient thermal impedance 
junction-ambient for 111ounting n"2 
versus pulse duration {L = 10 mmJ . 
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Fig. 4 - Power dissipation versus ambient 
temperature. 

Mounting n"1 
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~.~ 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
{typical values for unidirectional 
types) . 
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P6KEGV8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

4 C (pF) 
10 

~svap 
~ts/ 

~BP 
~E 2Dop 

10 

Tj 

f 

f-. -
10 100 

25 "C 
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VA (V) 

500 

4 C (pF) 
10 

PSKJ SV~CP 
lo3 

PBKE 15CP 

PSKE BBCP 

io2 
PBKE 200CP 

10 
10 

Tj 25 "C 
f = I MHz 

VA IVJ 

100 500 

Fig .Ba - Capacitance versus reverse applied 
voltage tor unidirectional types 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

CB-417 Plastic 

L 

note 1 L1 

II I 

G 

(typical values) . 

L Ql D 

L1 note 1 

I lL 
-r-- ,_.___, - - ~-1--------- r- -- 1--t---

II I :II I 
I I 
I I 
I Ql b2 Ql b2 I 
I - - I 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 - 1.092 - 0.043 

00 - 3.683 - 0.145 1 ·The lead diameter 0 b2 1s not controlled over zone L1. 

- -

D88P6KEP6 

G 8.89 0.350 
2 - The minimum axial lengh within which the dev1ce may be placed with 

L 25.4 - 1.000 - its leads bent at right angles 1s 0.59" (15 mm). 

L, - 1.25 - 0.049 

Cooling method :by convection (method A). 
Marking :type number ; while band Indicates cathode for umdirecllonal types. 
Weight : 0.6 g. 
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PL360D 

UNIDIRECTIONAL TRANSIENT VOLTAGE SUPPRESSOR 

DESCRIPTION 
Transient voltage suppressor diode especially des­
igned for transistor protection in electronic ignition 
circuit. 
Connected accross collector and base it avoids any 
transistor damage when spark plug is fouled or dis­
connected. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Ptot DC Power Dissipation 

lzM Continuous Reverse Current 

PRSM Non Repetitive Surge Peak Power 
Dissipation 

Toper Operating Temperature 

Tstg Storage and Junction Temperature Range 
Tl 

T amb =50 oc 
T amb =50 °C 

T J Initial = 25 oc 
t = 1 ms 

h Maximum Lead Temperature for Soldering During 3 sat 5 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for LJead = 10 mm 

April 1989 

F126 
(Plastic) 

Value 

1.7 

3.5 

300 

-55 to 150 

-55 to 150 
150 

300 

Value 

60 

Unit 

w 
rnA 

w 

oc 
oc 
oc 
oc 
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PL360D 

ELECTRICAL CHARACTERISTICS 

Type VeR 
@ T1 = 25 °C 
min. max. 

(V) 

PL 360 D 330 370 

PACKAGE MECHANICAL 

F 126 Plastic 

L 

note 1 L1 

II I 

- 1---++--,---1-

II I 
I 
I 
I 

0 b2 I 
I ___.____::. 

VeR 
@TJ=120°C 

min. max. 

(V) 

358 416 

G 

t-------

note 2 

Millimeters Inches 
Ref. 

Min. Max. Min. Max. 

0 b2 0.76 0.86 0.029 0.034 

IR aT IRMiVRM VRM lzM 
typ. max. 

(mA) (1 0- 4 /°C) {11A) (V) (mA) 

2 11 0.35 270 3.5 

L 0 0 

L1 note 1 

I II 
1-r-- ---.---- -

I II I 
I 

0 b2 
I 
I 

-

Notes 

00 2.95 3.05 0.116 0.120 1 - The lead diameter 0 b2 is not controlled over zone L1 . 

G 6.05 6.35 0.238 0.250 

L 26 - 1.024 -
Lt - 1.27 - 0.050 

Cooling method :by convection (method A) 
Markmg :type number :white band indicates cathode. 
Weight: 0 4 g 
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2 - The minimum axial lengh within which the device may be 
placed with its leads bent at right angles is 0.59" (15 mm). 
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Fig .1 - P•ak puis• power versus exponential pulse duration. 
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Fig.2 - Clamping voltage versus peak pulse current 
exponential waveform t 20 ~s 

t ~ 1 ms --

10 

Note : The curves of the figure 2 are spec1f1ed for a junction temperature of 25 "c 
before surge_ The given results may be extrapolated for other junction tr!mperatures 
by using the following formula : l>V (BR) =0< T (V (BR) J X !Tj - 25) X V (BR) 
For intermediate voltages, extrapolate the g1ven results. 

DB9PL360DP3 
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PL360D 
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Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Fig .5 - Thermal res1stance versus 
lead length. 
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10 

F1g .6 - Transient thermal Impedance 
junction-ambient for mounting n"2 
versus pulse duration (L = 10 mm) . 
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Fig.4 - Power dissipatiOn versus ambient 
temperature. 

Mounting n° 1 
INFINITE HEATSINK 
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PRINTED CIRCUIT 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 

types) . 
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1.5KE6V8P,A ---7 440P,A 

1.5KE6V8CP,CA ~ 440CP,CA 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
1.5 kW /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.8 v~376V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb = 75 °C 

T1 Initial = 25 oc 
t = 10 ms 

CB-429 
(Plastic) 

Value 

1.5 

5 

250 

Unit 

kW 

w 

A 

Tstg Storage and Operating Junction Temperature Range -65 to 175 oc 
TJ 175 oc 
TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 230 oc 

from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

Note : 1. For surges upper than the maximum values, 
the diode Will present a short-circUit anode-cathode. 

February 1989 

Value 

20 

1 ~Ipp 10 8 Pulse wave for11 10/1000 

100-ol---'-

5:~ot 
1 IS D88TRANSIL 1 
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-------------------------------------------------------------------------------------------------

1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (TJ = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

<XT Temperature Coefficient of V(BRI 

c Capacitance 

fcramping Clamping Time (0 volt to V(BRJ) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types IRM @ VRM Y(BR) 0 @ IR v(cL1 @ lpp v(cL1 @ lpp ClT 

max. (V) max. max. max. 

1 ms expo 6-20 flS expo 

Unidirectional Bidirectional (ftA) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o- 4/°C) 

p 1.5KE6V6P p 1.5KE6V6CP 1000§ 5.6 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 

1.5KE6V6A 1.5KE6V8CA 1000§ 5.8 6 45 6.8 7.14 10 10.5 143 13.4 746 5.7 
p 1.5KE7V5P 1.5KE7V5CP 500§ 6.4 7.13 75 8.25 10 11.3 132 14.5 690 6.1 

1.5KE7V5A 1.5KE7V5CA 500§ 6.4 7.13 7.5 7.88 10 11.3 132 14 5 690 6.1 

1.5KE8V2P 1 5KE8V2CP 200§ 7.02 7.79 82 9 02 10 12.1 124 15.5 645 6.5 
1.5KE6V2A 1.5KE8V2CA 200§ 7.02 7.79 8.2 8.61 10 12.1 124 15.5 645 6.5 

1.5KE9V1P 1.5KE9V1CP 50§ 7.78 8.65 9.1 10 1 13.4 112 17.1 585 6.8 

1.5KE9V1A 1.5KE9V1CA 50§ 7.78 8.65 91 9.55 1 13.4 112 17.1 585 6.8 
p 1.5KE10P 1.5KE10CP 10§ 8.55 9.5 10 11 1 14.5 103 18.6 968 73 

1.5KE10A 1.5KE10CA 10§ 8.55 9.5 10 10.5 1 14.5 103 18.6 968 7.3 

1.5KE11P 1.5KE11CP 5§ 9.4 10.5 11 12.1 1 15.6 96 20.3 887 7.5 
1.5KE11A 1.5KE11CA 5§ 94 10.5 11 11.6 1 15.6 96 20.3 887 7.5 

p 1.5KE12P p 1.5KE12CP 5 10.2 11.4 12 13.2 1 16.7 90 21.7 829 78 
1.5KE12A 1.5KE12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 829 7.8 

p 1.5KE13P 1.5KE13CP 5 11.1 12 4 13 14.3 1 18.2 82 23.6 763 8.1 
1.5KE13A 1.5KE13CA 5 11.1 12.4 13 13 7 1 18.2 82 23.6 763 8.1 
1.5KE15P 1.5KE15CP 5 12.8 14.3 15 16.5 1 21.2 71 27.2 662 8.4 
1.5KE15A 1.5KE15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 662 84 

p 1.5KE16P 1.5KE16CP 5 13.6 15.2 16 17.6 1 22.5 67 28.9 623 86 
1.5KE16A 1.5KE16CA 5 13.6 15.2 16 16.8 1 22.5 67 28.9 623 8.6 

p 1.5KE18P p 1.5KE18CP 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 554 8.8 
1:5KE18A 1.5KE18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 554 8.6 

p 1.5KE20P p 1.5KE20CP 5 17.1 19 20 22 1 27.7 54 36.1 498 9.0 
1.5KE20A 1.5KE20CA 5 17.1 19 20 21 1 27.7 54 36.1 498 9.0 

p 1.5KE22P 1.5KE22CP 5 18.8 20.9 22 24.2 1 30.6 49 39 3 458 9.2 
1.5KE22A 1.5KE22CA 5 18 8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 
1 5KE24P 1.5KE24CP 5 20.5 22.8 24 26 4 1 33.2 45 42.8 421 9.4 
1.5KE24A 1.5KE24CA 5 20.5 22.6 24 25 2 1 33 2 45 42.8 421 9.4 

p 1.5KE27P 1.5KE27CP 5 23.1 25.7 27 29 7 1 37 5 40 46.3 373 9.6 
1.5KE27A 1.5KE27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 373 9.6 

p 1.5KE30P p 1.5KE30CP 5 25.6 28.5 30 33 1 41.5 36 53.5 336 9.7 
1.5KE30A 1.5KE3DCA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 336 9.7 

p 1.5KE33P p 1.5KE33CP 5 28.2 31.4 33 36.3 1 45.7 33 59 305 9.8 
1.5KE33A 1.5KE33CA 5 28.2 31.4 33 34.7 1 45.7 33 59 305 9.8 

p 1 5KE36P p 1.5KE36CP 5 30.8 34 2 36 39.6 1 49.9 30 64.3 280 99 
1.5KE36A 1.5KE36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 

p 1.5KE39P p 1.5KE39CP 5 33.3 37.1 39 42.9 1 53.9 28 69.7 258 10 0 

• Pulse test t,,; 50 ms li < 2 %. 
"" Divide these values by 2 for bidirectional types. 
§ For bidirectional types 1.5KE6V8CP -? 11 CA, IRM must be double that spec1f1ed for unidirectional types. 
For bidirectional types, electncal charactenst1cs apply in both directions. 
P : Preferred device. 
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c•· 
typ. 

VR=O 
1=1 MHZ 

(pF) 

9500 
9500 
8500 
8500 
BODO 
8000 
7500 
7500 
7000 
7000 
6400 
6400 
6000 
6000 
5500 
5500 
5000 
5000 
4700 
4700 
4300 
4300 
4000 
4000 
3700 
3700 
3500 
3500 
3200 
3200 
2900 
2900 
2700 
2700 
2500 
2500 
2400 



1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

Types IRM @ VRM V(BR)' @ 
max. (V) 

Unidirectional Bidirectional (~A) (V) min. nom. max. 

1.5KE39A 1.5KE39CA 5 33.3 37.1 39 41 
p 1.5KE43P 1.5KE43CP 5 36.8 40.9 43 47.3 

1.5KE43A 1.5KE43CA 5 36.8 40.9 43 45.2 
p 1.5KE47P P 1.5KE47CP 5 40.2 44.7 47 51.7 

1.5KE47A 1.5KE47CA 5 40.2 44.7 47 49.4 
p 1.51<E51P 1.5KE51CP 5 43.6 48.5 51 56.1 

1.5KE51A 1.5KE51CA 5 43.6 48.5 51 53.6 
1.5KE56P 1.5KE56CP 5 47.8 53.2 56 61.6 
1.5KE56A 1.51<E56CA 5 47.8 53.2 56 58.8 
1.5KE62P 1.5KE62CP 5 53 58.9 62 68.2 
1.5KE62A 1.5KE62CA 5 53 58.9 62 65.1 

p 1.5KE68P P 1.5KE68CP 5 58.1 64.6 68 74.8 
1.5KE68A 1.5KE68CA 5 58.1 64 6 68 71.4 
1.5KE75P 1.5KE75CP 5 64.1 71.3 75 82.5 
1.5KE75A 1.5KE75CA 5 64.1 71.3 75 78.8 

p 1.5KE82P p 1.5KE82CP 5 70.1 77.9 82 90.2 
1.5KE82A 1.5KE82CA 5 70.1 77.9 82 86.1 
1.5KE91P 1.5KE91CP 5 77.8 86.5 91 100 
1.5KE91A 1.5KE91CA 5 77.8 86.5 91 95.5 
1.5KE100P 1.5KE100CP 5 85.5 95 100 110 
1.5KE100A 1.5KE100CA 5 85.5 95 100 105 
1.5KE110P P 1.5KE11 OCP 5 94 105 110 121 
1.5KE110A 1.5KE110CA 5 94 105 110 116 
1.5KE120P 1.5KE120CP 5 102 114 120 132 
1.5KE120A 1.5KE120CA 5 102 114 120 126 
1.5KE130P P 1.5KE130CP 5 111 124 130 143 
1.5KE130A 1.5KE130CA 5 111 124 130 137 
1.5KE150P 1.5KE150CP 5 128 143 150 165 
1.5KE150A 1.5KE150CA 5 128 143 150 158 
1.5KE160P 1.5KE160CP 5 136 152 160 176 
1.5KE160A 1.5KE160CA 5 136 152 160 168 

p 1.5KE170P 1.5KE170CP 5 145 161 170 187 
1.5KE170A 1.5KE170CA 5 145 161 170 179 

p 1.5KE180P p 1.5KE180CP 5 154 171 180 198 
1.5KE180A 1.5KE180CA 5 154 171 180 189 

p 1.5KE200P p 1.5KE200CP 5 171 190 200 220 
1.5KE200A 1.5KE200CA 5 171 190 200 210 
1.5KE220P p 1.5KE220CP 5 188 209 220 242 
1.5KE220A 1.5KE220CA 5 188 209 220 231 

p 1.5KE250P P 1.5KE250CP 5 213 237 250 275 
1.5KE250A 1.5KE250CA 5 213 237 250 263 
1.5KE280P 1.5KE280CP 5 239 266 280 308 
1.5KE280A 1.5KE280CA 5 239 266 280 294 

p 1.5KE300P p 1.5KE300CP 5 256 285 300 330 
1.5KE300A 1.5KE300CA 5 256 285 300 315 
1.5KE320P 1.5KE320CP 5 273 304 320 352 
1.5KE320A 1.5KE320CA 5 273 304 320 336 

p 1.5KE350P p 1.5KE350CP 5 299 332 350 385 
1.5KE350A 1.5KE350CA 5 299 332 350 368 

p 1.5KE400P P 1.5KE400CP 5 342 380 400 440 
1.5KE400A 1.5KE400CA 5 342 380 400 420 

p 1.5KE440P P 1.5KE440CP 5 376 418 440 484 
1.5KE440A 1.5KE440CA 5 376 418 440 462 

* Pulse test tp::;; 50 ms 0 < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristiCS apply m both directions. 
P : Preferred dev1ce 

IR V(CL) @ lpp V(CL) @ lpp <XT C" 
max. max. max. typ 

VR=O 
1 ms expo 8-20 ~s expo 1:1 MHz 

(mA) (V) (A) (V) (A) (10- 4 /"C) (pF) 

1 53.9 28 69.7 258 10.0 2400 
1 59.3 25 3 76.8 234 10.1 2200 
1 59.3 25.3 76.8 234 10.1 2200 
1 64.8 23 2 84 214 10 1 2050 
1 64.8 23.2 84 214 10.1 2050 
1 701 21.4 91 198 10.2 1950 
1 70.1 21.4 91 198 10.2 1950 
1 77 19.5 100 180 10.3 1800 
1 77 19.5 100 180 10.3 1800 
1 85 17.7 111 162 10.4 1700 
1 85 17.7 111 162 10.4 1700 
1 92 16.3 121 148 10.4 1550 
1 92 16.3 121 148 10.4 1550 
1 103 14.6 134 134 10.5 1450 
1 103 14.6 134 134 10.5 1450 
1 113 13.3 146 123 10.5 1350 
1 113 13.3 146 123 10.5 1350 
1 125 12 162 111 10.6 1250 
1 125 12 162 111 10.6 1250 
1 137 11 178 101 10.6 1150 
1 137 11 178 101 10.6 1150 
1 152 9.9 195 92 10.7 1050 
1 152 9.9 195 92 10.7 1050 
1 165 91 212 85 10.7 1000 
1 165 9.1 212 85 10.7 1000 
1 179 8.4 230 78 10.7 950 
1 179 8.4 230 78 10.7 950 
1 207 7.2 265 68 10.8 850 
1 207 72 265 68 10.8 850 
1 219 68 282 64 10.8 800 
1 219 6.8 282 64 10.8 800 
1 234 6.4 301 60 10.8 750 
1 234 6.4 301 60 10.8 750 
1 246 6.1 317 57 10.8 725 
1 246 6.1 317 57 10.8 725 
1 274 5.5 353 51 10.8 675 
1 274 5.5 353 51 10.8 675 
1 328 4.6 388 46.5 10.8 625 
1 328 4.6 388 46.5 10.8 625 
1 344 5.0 442 47 11 560 
1 344 5.0 442 47 11 560 
1 384 5.0 494 47 11 520 
1 384 5.0 494 47 11 520 
1 414 5.0 529 47 11 500 
1 414 5.0 529 47 11 500 
1 438 4.5 564 42 11 460 
1 438 4.5 564 42 11 460 
1 482 4.0 618 37 11 430 
1 482 4.0 618 37 11 430 
1 548 40 706 37 11 390 
1 548 4.0 706 37 11 390 
1 603 3.5 776 33 11 360 
1 603 3.5 776 33 11 360 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 
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102 
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'o (WJ 

Tj initial 25 •c 

" II I IIIII Ill II II 
VsR < 10 V ·-········ 

·- - 10 V ~ VsR < 250 V - ....:: 

" 
VBR ~ 250 V ---·--

....::::.: ~' 

.... 
...... 

tp (msl expo 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

VeL (V) 

Tj initial 25 •c 

1.5KE 440P <OO'~ 
50 - t_ -- ' ' 

1.5KI yot o I 
0 t 

·- tr t 
·-···· .- tr .:; 10 ps 

1.5KE ·woP 

1.5KE 56P 

~- -····· .. ......... 
1.5Kf-2,2~ - ...... 
1.5KE 12P 

1.5KE 6V8P 

Ipp (A) 

10 

Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 ps .......... 

t- ims---
t = 10 ms --

., 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : l>V (BR) =IX T(V (BR)J X (T i - 25) X V (BRJ 
For intermediate voltages. extrapolate the given results. 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

100 
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0 

P [T 25 "C] X ·p = 

........ 
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Tj initial ("C] 

50 100 150 200 

Fig.3- Allowable power dissipation versus 
junction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal i.,pedance 
junction-ambient far mounting n°2 
versus pulse duration (L ~ !0 111111) . 
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Fig.4 - Power dissipation versus ambient 
temperature. 

Mounting n°1 
INFINITE HEATSINK 

Mounting n"2 
PRINTED CIRCUIT 

Me.~ 
tconneXIon Soldering 

500 IfM (A) 
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1 

!! Tj ~ 175"C 

Vro = . 75 v .... - -
rr - .045 .n 

.....-f-'"" -v ., 
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I VFM (V) 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values lor un>directional 
types) . 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

4 C (pF) 
10 

~Sp 
~ 
~klal 
1.5/(£ p;;;:.: r-.. .2oop 

r--

10 

Ti = 25 •c 
f 1 MHZ 

-VR IV) 

100 500 

4 C (pF) 
10 

~ ~E l5CP 

I I 11 

~E BBCP 

~E 2oocp 

I II If 

...... 

--
10 

Tj = 25 ° c 
f - 1 MHZ 

!--VR (V) 

100 500 

Fig .Sa - Capacitance versus reverse app 1 ied 
voltage for unidirectional types 

Fig. Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

CB-429 Plastic 

L 

note 1 L1 

II I 

G 

- t-- ·-,-r-- r-- ---------

II I 
I 
I 
I 
~ I 

note 2 

Millimeters 
Ref. 

Inches 

Min. Max. Min. Max. 

0 b2 - 1.06 - 0.042 

(typical values). 
D881 5KEP6 

L 0 0 

L1 note 1 

I II 
'- ·-i-r---r--

I II I 
I 

~ 
I 
I 

Notes 

0D - 5.1 - 0.20 1 - The lead diameter 0 b2 is not controlled over zone L1 . 

G - 9.8 - 0 386 
2 - The minimum axial lengh within which the dev1ce may be placed w1th 

L 26 - 1.024 - 1ts leads bent at nght angles is 0.70"" (18 mm). 

L, - 1.27 - 0.050 

Cooling method . by convection (method A). 
Marking : type number ; white band Indicates cathode for unidirectional types. 
Weight : 0.9 g. 
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~ SGS·ntOMSON .. ~I ~~~rnl@~[L~~'jj'rnJ@[R!]~~~ BZWS0-1 0,8 ~ 180, B 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
5 kW I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
10V~180V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER+ SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

T amb = 75 °C 

Ti Initial = 25 oc 
I= 10 ms 

AG 
(Plastic) 

Value 

5 

5 

500 

Unit 

kW 

w 
A 

Tstg Storage and Operating Junction Temperature Range - 65 to 150 oc 
Ti 150 oc 
TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 230 oc 

from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. 

Febnuary 1989 

Value 

15 

1 ~Ipp 10 8 Pulse wave fori! 10/1000 

100-of---l--

S:~ot 
i IS DSSTRANSIL 1 

115 
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BZW50-1 0, B --7 180, B 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

IXT Temperature Coefficient of VcBR) 

c Capacitance 

iclampmg Clamping Time (0 volt to VcsR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types IRM@ VRM VeeR)* @ IR VccL) @ 100 VccL) @ 100 ay C** 
max. (V) max. max. max. typ. 

VR=D 
1 ms expo 8-20 f1S expo 1:1 MHz 

Unidirectional Bidirectional (~tAl (V) min. nom. max. (rnA) (V) (A) (V) (A) (to-•t·c> (pF) 

8ZW50-10 8ZW50-108 5 10 11.1 12.4 13.6 1 18.8 266 23.4 2564 7.8 24000 
8ZW50-12 8ZW50-128 5 12 13.3 14.8 16.3 1 22 227 28 2143 8.4 18500 
8ZW50-15 8ZW50-158 5 15 16.6 18.5 20.4 1 26.9 186 35 1714 8.8 13500 
8ZW50-18 8ZW50-188 5 18 20 22.2 24.4 1 32.2 155 41.5 1446 9.2 11500 
8ZW50-22 8ZW50-228 5 22 24.4 27.1 29.8 1 39.4 127 51 1177 9.6 8500 
8ZW50-27 8ZW50-278 5 27 30 33.3 36.6 1 48.3 103 62 968 9.8 7000 
8ZW50-33 8ZW50-338 5 33 36.6 40.7 44.7 1 59 85 76 789 10 5750 
8ZW50-39 BZWS0-398 5 39 43.3 48.1 53 1 69.4 72 YO 667 10.1 4800 
8ZW50-47 8ZW50-47B 5 47 52 57.8 63.6 1 83.2 60.1 108 556 10.3 4100 
8ZW50-56 BZW50-56B 5 56 62.2 69.1 76 1 99.6 50 129 465 10.4 3400 
8ZW50-68 8ZW50-68B 5 68 75.6 84 92.4 1 121 41 157 382 10.5 3000 
8ZW50-82 8ZW50·828 5 82 91 101.2 111 1 145 34 189 317 10.6 2600 
8ZW50-100 8ZW50-1008 5 100 111 123.5 136 1 179 28 228 263 10.7 2300 
8ZW50-120 8ZW50-1208 5 120 133 148.1 163 1 215 23 274 219 10.8 1900 
8ZW50-150 8ZW50-1508 5 150 166 185.2 204 1 269 19 343 175 10.8 1700 
BZWS0-180 8ZW50-1808 5 180 200 222 244 1 322 16 410 146 10.8 1500 

• Pulse test tp ,;; 50 ms 5 < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply In both directions. 

215 
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BZW50-1 0, B ---:) 180, B 

107 Pp (W) 

Tj initial 25 •c 

1'-.. 

1'--.. 

tp (ms) expo 
102 

10 3 10 2 10 1 10 

Fig.1- Peak pulse power versus exponential pulse duration. 

Tj initial 25 •c 

~·~. 50 ~-... ' ' Q I I t -.. tr t .... .. . ":: ...... ······· tr ~ 10 ps 

BZr n ir .. ·· 
~-

..... --· 
···•··· ... ····· 

BZW 50 82 .. .. 
1-::"- ····· 

sz~ Ioiii .. . 
II ... .. 

·········· .. ······· ·' 

szr !Till ...... ..• +··· 
. .. 

~ ..... ······· ... .. 
(A) Ipp BZW 50-10 

10 10 1 10 

Fig .2 - Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps · 

t = 1 ms ---­
t = 10 ms ---

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : !IV (8R) =exT (V (8R)) X [T j - 25] X V (8R) 
For intermediate voltages, extrapolate the given results. 
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BZWS0-1 0, B ~ 180, B 
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Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Mounting n• I 
Haunting n°2---

5 10 15 20 

Fig.5 - Thermal resistance versus 
lead length. 

th -a 

L 

r;;;o 

1/ 
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10 

Fig .s - Transient thermal impedance 
junction-ambient for mounting n"2 
versus pulse duration (L ~ 10 mml . 
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Fig .4 - Power dissipat10n versus ambient 
temperature. 

Mounting n• 1 
INFINITE HEATSINK 

Haunting n"2 
PRINTED CIRCUIT 

~.~ 
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tr 
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25"C --
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F1g. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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8ZW50·1 0, 8 ~ 180, 8 

5 C (pF) 
10 

~ 
~50-ta 

~ 
~ 
~50-tao 

T i = 25 •c 
f - I MHZ 

-r-

I I Ill VR (V) 

10 100 500 

Fig .Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) • 

D888ZW50P5 

PACKAGE MECHANICAL DATA 

AG Plastic 

L G 

note I Lt 

11: 
-~-,___._- r-- - r--------

II I 
I 
I 
I 
I 

~ I 
I 

note 2 

Ref. 
Millimeters Inches 

Min. Max. Min. Max. 

0 b2 1.35 1.45 0.053 0.057 

lo5 C (pF) 

Tj = 25 •c 
f = I MHZ 

8ZW 50-lOB 

BZW 50-188 

BZW 50-39~ 
BZW 50-828 

8Z~ 50-1808 

J ], I VR IVJ 

10 100 500 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidir·ectiundl ty~e~ 
(typical values) . 

L II o 

Lt note 1 

I II 
f--· -+-~~ 

ill 
I 
I 
I 
I 

~ I 

Notes 

00 - 8 - 0.315 1 - The lead diameter 0 b2 is not controlled over zone L1 • 

- -G 9 0.354 
2 - The minimum axial lengh within which the device may be placed with 

L 20 - 0.787 - its leads bent at right angles is 0.79" (20 mm). 

L, - 1.27 - 0.050 

Cooling method :by convecllon (method A). 
Mark1ng : type number ; white band indicates cathode for unidirectional types. 
Weight: 1 g. 
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BZW 100-20 
BZW 100-24 

UNIDIRECTIONAL TRANSIENT VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
1.8 kW I 15 ms EXPO 

• VERY FAST CLAMPING TIME : 1 ps 

DESCRIPTION 

Transient voltage suppressor diodes especially de­
signed for load dump effect protection. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 15 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward Current 

T1 Initial = 25 oc 
See note 1 

Tamb=75°C 

T1 Initial = 25 oc 
f= 10 ms 

Tstg Storage and Operating Junction Temperature Range 
Tt 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for Ltead = 10 mm 

Note : 1. For surges upper than the maximum values, 
the dtode wtll present a short·circutt anode·cathode. VIVJ 

AG 
(Plastic) 

Value 

1800 

5 

200 

-65 to 150 
150 

230 

Value 

15 

Unit 

w 

w 
A 

oc 
oc 
oc 

LOAD DUMP TRANSIENT (standard SAE J1113A). 

D88TRANSIL2 
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BZW 1 00-20/BZW 1 00-24 

ELECTRICAL CHARACTERISTICS (Ti = 25°C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 

lpp Peak Pulse Current 

IXT Temperature Coefficient of V(BR) 

c Capacitance 

1clampmg Clamping Time (0 volt to V(BFiJ) 

VF Peak Forward Voltage Drop (IFM = 10 A) 

IRM@ VRM V(BR) 0 @ IR VeL@ lpp 

Unidirectional max. (V) max. 

Types 15 ms expo. 

(!lA) (V) min. (mA) (V) (A) 

BZW100-20 50 20 
BZW100-24 50 24 

• Pulse test t, ,; 50 ms o < 2 %. 

PACKAGE MECHANICAL DATA 

AG Plastic 

L 

note 1 Lt 

II~ 

24 
29 

G 

-1--...,____._- - - r------
II I 

I 
I 
I 
I 

~ I 
I 

note 2 

Millimeters 
Ref. 

Inches 

Min. Max. Min. Max. 

0 b2 1 35 1.45 0.053 0.057 

1 36 50 
1 40 45 

L 

Lt note 1 

I II 
-1--- ---+-- ±::::: 

;II 
I 
I 
I 

~ 
I 
I 

Notes 

Value 

See table 

1 ps max. 

1.9 V max. 

IXT c typ_ 
max. VR = 0 

f = 1 MHZ 

(1 0"4 /°C) (pF) 

9.6 4250 
9.8 3500 

00 - 8 - 0.315 1 -The lead diameter 0 b2 is not controlled over zone L1 

G - 9 - 0.354 

L 20 - 0.787 -
L, - 1.27 - 0.050 

Cooling method : by convectiOn (method A). 
Marking · type number ; white band indicates cathode 
Weight: 1 g. 

2/5 

864 

2 - The minimum ax1al lengh Within which the dev1ce may be placed w1th 
1ts leads bent at nght angles 1s 0. 79" (20 mm). 



BZW 1 00-20/BZW 100-24 

-p (W) 

Tj initial 25 •c -............ 
....... .......... 

!"'-
~ 

~ 
"--.. 

tp [ms) expo 

10 

Fig.1 - Peak pulse power versus exponential pulse duration. 

Tj initial = 25 •c 

,.;~ 
50 ~-.. 

Q I I t 

tr t 
~~.; 10ps 

BZH 100-24 ·- v / .......... .... 
/ 

BZH 100- 0 ..... 

Ipp [A) 

10 10 1 10 

Fig. 2 - Clamping voltage versus peak pulse current 
exponential waveform t ~ 15 ms 0000000000 

t= ims--

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge 0 The given results may be extrapolated for other junction temperatures 
by using the following formula: l!.V[BR) =IXT[V[BRll X [Tj- 25] X V[BRl 
For intermediate voltages, extrapolate the given results 0 
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BZW 1 00-20/BZW 1 00-24 
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P [T 25 "C] l: 'p • = 

100 
'I'--

50 

....... 
I'-.. 

....... 
....... 

'-..... ....... 
I'-.. 

T i initial ("C) 

25 50 75 100 125 150 175 

Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Fig.5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
junction-ambient for mounting n°2 
versus pulse duration (L = 10 mm) . 
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Fig. 4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
[maximum values) . 
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BZW 1 00-20/BZW 1 00-24 
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Fig .B - Capacitance versus reverse 
ap11ea voltage (typ1cal values). 
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SM4T6V8, A ---7 220, A 
SM4T6V8C~ A ~ 200C, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
400 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v ~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SODS 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
400 w 

See note 1 

Tamb = 25 oc 1.2 w 
T1 Initial = 25 oc 

50 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range -65 to 175 oc 
Tl 150 oc 
TL Maximum Lead Temperature for Soldering During 10 s 260 oc 

THERMAL RESISTANCE 

Parameter Value 

Junction-leads 20 

Note : 1. For surges upper than the maxtmum values, 
the dtode will present a short-circuit anode-cathode. I ~ Pul" ,.,. f"" 10/1000 

1::ofb 
- •t 

1 8S DBBTRANSJL t 
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SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 
' 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

UT Temperature Coefficient of V(BR) 

c Capacitance 

tclampmg Clamping Time (0 volt to V(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM @ VRM V (BR)' @ IR V (CL) @ lpp V (CL) @ lpp ar C" 
max. (V) max. max. max. typ. 

VR=O 
1 ms expo 8·201JS expo f:1MHz 

Unidirec- Bidirec- Unidirec- Bidirec- (IJA) (V) min. nom. max. (mA) (V) (A) (V) (A) (10" 4/°C) (pF) 
tiona I tiona I tiona I tiona I 

SM4T6V8 SM4T6V8C OD VD 1000 55 6 12 68 7 48 10 10 8 37 14 164 5.7 3500 
SM4T6V8A SM4T6V8CA OE VE 1000 58 6.45 6.8 7.14 10 10.5 38 13 4 174 5.7 3500 
SM4T7V5 SM4T7V5C OF VF 500 6.05 6.75 7.5 8.25 10 11.7 34 15.2 151 6.1 3100 
SM4T7V5A SM4T7V5CA OG VG 500 6.4 7.13 7.5 7.88 10 11.3 35.4 14 5 160 61 3100 
SM4T10 SM4T10C ON VN 1 0 8.1 9 10 11 1 15 27 19.5 246 7.3 2000 
SM4T10A SM4T10CA OP VP 1 0 8.55 9.5 10 10.5 1 14.5 27.6 18.6 258 7.3 2000 
SM4T12 SM4T12C OS vs 5 9.72 10 8 12 13.2 1 17.3 23.1 22.7 211 78 1550 
SM4T12A SM4T12CA OT VT 5 10 2 11.4 12 12.6 1 16.7 24 21.7 221 7.8 1550 
SM4T15 SM4T15C OW vw 5 12.1 13 5 15 16 5 1 22 18.2 28 4 169 8.4 1200 
SM4T15A SM4T15CA OX vx 5 12.8 14 3 15 15 8 1 21 2 19 27 2 176 8.4 1200 
SM4T18 SM4T18C RD UD 5 14.5 16 2 18 19 8 1 26 5 151 34 141 88 975 
SM4T18A SM4T18CA RE UE 5 15.3 17.1 18 18 9 1 25 2 16 32.5 148 8.8 975 
SM4T22 SM4T22C RH UH 5 17.8 19.8 22 24 2 1 31.9 12 5 41 2 116 9.2 800 
SM4T22A SM4T22CA RK UK 5 18.8 20.9 22 23.1 1 30.6 13 39.3 122 9.2 800 
SM4T24 SM4T24C RL UL 5 19.4 21.6 24 26.4 1 34.7 11 5 44.9 107 94 725 
SM4T24A SM4T24CA RM UM 5 20.5 22.8 24 25.2 1 33.2 12 42 8 112 94 725 
SM4T27 SM4T27C RN UN 5 21.8 24.3 27 29.7 1 39.1 10.2 50.5 95 9.6 625 
SM4T27A SM4T27CA RP UP 5 231 25.7 27 28 4 1 37.5 10.7 48.3 99 9.6 625 
SM4T30 SM4T30C RO UO 5 24 3 27 30 33 1 43.5 9.2 56.1 86 9.7 575 
SM4T30A SM4T30CA RR UR 5 25.6 28 5 30 31.5 1 41.5 9.6 53.5 90 9.7 575 
SM4T33 SM4T33C RS us 5 26.8 29 7 33 36 3 1 47.7 8.4 61.7 78 9.8 510 
SM4T33A SM4T33CA RT UT 5 28 2 31.4 33 34.7 1 45.7 8.8 59 81.5 9.8 510 
SM4T36 SM4T36C RU uu 5 29.1 32 4 36 39 6 1 52 7.7 67.3 71 9.9 480 
SM4T36A SM4T36CA RV uv 5 30.8 34.2 36 37.8 1 49 9 8 64.3 74 5 99 480 
SM4T39 SM4T39C RW uw 5 31.6 35.1 39 42.9 1 56 4 7.1 73 66 10 0 450 
SM4T39A SM4T39CA RX ux 5 33.3 37.1 39 41 1 53.9 74 69 7 69 10.0 450 
SM4T68 SM4T68C SN WN 5 551 61.2 68 74.8 1 98 4.1 127 38 10.4 270 
SM4T68A SM4T68CA SP WP 5 58.1 64.6 68 71.4 1 92 4.3 121 39.5 10 4 270 
SM4T100 SM4T100C sw ww 5 81 90 100 110 1 144 2.8 187 25.5 10.6 200 
SM4T100A SM4T100CA sx wx 5 85 5 95 100 105 1 137 29 178 27 10.6 200 
SM4T150 SM4T150C TH XH 5 121 135 150 165 1 215 1.9 277 17.3 10.8 145 
SM4T150A SM4T150CA TK XK 5 128 143 150 158 1 207 2 265 18.1 10.8 145 
SM4T200 SM4T200C TS xs 5 162 180 200 220 1 287 1.4 370 13 10.8 120 
SM4T200A SM4T200CA n XT 5 171 190 200 210 1 274 1.5 353 13.6 10.8 120 
SM4T220 TU 5 178 198 220 242 1 315 1.3 406 11.8 10 8 110 
SM4T220A TV 5 188 209 220 231 1 301 14 388 12.4 10.8 110 

* Pulse test tp ~ 50 ms S < 2 % 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM4T6V8, A -> 220, A/SM4T6VBC, A -> 200C, A 

ORDER CODE 

SM 4 T 6V8 CA 

Sml•oe Mo"~ '""'~ ~ 1 
Power range : 4 - 400 W 

TRANSIL :..T 

-,~ 
Tolerances : with suffix A ± 5 % 

without suffix ± 1 0 % 

Products characteristics : 
without suffix Unidirectional 

PACKAGE MECHANICAL DATA 

SOD 6 Plastic 

with suffix C Bidirectional 

L_ _____ VsR voltage range 

Millimetres Inches 
Ref. Min. Max. Min. 

A 2.8 3.2 0.110 
B 6.0 6.4 0.236 
c 3.8 4.2 0.150 
D 2.5 3.1 0.098 
E - 0.1 -
F 0.9 1.3 0.035 

Laser markmg. 
The logo 1nd1cates cathode for unidirectional types. 

DBBSOO 

FOOT PRINT DIMENSIONS (Millimeters) 

1 LOO 1· ,, r·~~ 

L~ ~ 
0885008 

Max. 

0.126 
0.252 
0.165 
0.122 
0.004 
0.051 
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SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 
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Tj initial 25 •c 
Ill 

Ill 
Ill Ill 

VsR < 10 v ........... 
10 v ~ VsR < 250 V 

...... .. .. 
~ 

..... 

tp (ms) expo 

10 10 3 10 2 10 1 iO 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

SM4T 220A 

rs;.;:i'i""'ITloA 
nT······ 
SM4T 68A 

SM4T 39A 

·············· 
····· .. ·············· 

........ 

......... 

Tj initial 25 •c 
l Ipp 

l~~~L-
' ' Q I I t 

tr t 

tr .:; 10 ps 

SM4T1 2dA f-+-1+++1--. t-~-... l=t:=:;J, . . ,f .. +.il.f-1+-" •• '-... -... + ... -... + .. :::J .. ~ .. o#Ht--+-+-H-f-H-H 

SM4TI l~A 
SM4T 6VBA 

10 1 

-::.::. ····· ...... . ·.:::::::·· 

10 

Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps .......... 

t 1 ms ---
t = 10 ms --

Ipp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : llV (BR) =ocT (V (BR)) X IT j - 25] X V (BR) 
For intermediate voltages, extrapolate the given results. 
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SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 
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Fig .3 - Allowable power dissipation versus 
i unction temperature. 
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Fig.5- Thermal resistance junction-
ambient versus Cu surface (printed circuit). 

-a 1•c;wJ 
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Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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rr = .075 n v ... 
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I 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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-------------------------------------- --------- ----------------------------------------

SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 

4 C (pF) 
10 

~BVBA 

~hi 
~T 30A 

s:; 
~T 200A 

10 
10 

Tj 25 •c 
f 1 MHZ 

~ 

VR (V) 

100 500 

Fig.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical valUes) . 
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25 •c 

f - 1 MHz 
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Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectional types 
(typical values) . 
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SM6T6V8, A ~ 220, A 
SM6T6V8C, A ~ 200C, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
600 WI 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v -7188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 
Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SOD 6 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 
• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
600 w 

See note 1 

T amb = 25 °C 1.2 w 
T1 Initial = 25 oc 

50 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range - 65 to 175 oc 
TJ 

TL Maximum Lead Temperature for Soldering During 10 s 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1. For surges upper than the max1mum values, 
the dtode wtll present a short-CirCUit anode-cathode. 

February 1989 

150 oc 
260 oc 

Value 

20 

' ~ '"''' .. ,. ,,,, 10/1000 

1::0~ 
~----------------~--------------+• t 

1 •s DBBTRANSIL 1 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

IXT Temperature Coefficient of v(BR) 

c Capacitance 

tclampmg Clamping Time (0 volt to VeeR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM@ VRM Y(aR)' @ IR V (CL) @ lpp V (CL) @ lpp IXT C" 
max. (V) max. max. max. typ. 

VR=O 
1 ms expo 8·20!15 expo 1:1MHz 

Unldlrec· Bldlrec· Unldlrec· Bldlrec· (~LA) (V) min. nom. max. (mA) (V) (A) (V) (A) (10- 4/°C) (pF) 
tional Ilona I tional tiona I 

SM6T6V8 SM6T6V8C DO LD 1000 55 612 6.8 7 48 10 10.8 55 14 250 5.7 4000 
SM6T6V8A SM6T6V8CA DE LE 1000 58 6.45 68 7.14 10 10.5 57 134 261 5.7 4000 
SM6T7V5 SM6T7V5C OF LF 500 605 6.75 7.5 8 25 10 11 7 51 152 230 6.1 3700 
SM6T7V5A SM6T7V5CA DG LG 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 241 6.1 3700 
SM6T10 SM6T10C ON LN 10 8.1 9.0 10 11 1 15 40 19.5 369 7.3 2800 
SM6T10A SM6T10CA DP LP 10 8.55 9.5 10 105 1 14.5 41 18.6 387 7.3 2800 
SM6T12 SM6T12C OS LS 5 9.72 10.8 12 13.2 1 17.3 35 22.7 317 78 2300 
SM6T12A SM6T12CA DT LT 5 10.2 11.4 12 12.6 1 16.7 36 21.7 332 7.8 2300 
SM6T15 SM6T15C ow LW 5 12.1 13.5 15 16.5 1 22 27.5 28.4 254 8.4 1900 
SM6T15A SM6T15CA ox LX 5 128 143 15 15 8 1 21.2 28 27.2 265 8.4 1900 
SM6T18 SM6T18C ED MD 5 14.5 16 2 18 19.8 1 26.5 22.5 34 212 8.8 1600 
SM6T18A SM6T18CA EE ME 5 15.3 171 18 18.9 1 25 2 24 32.5 222 8.8 1600 
SM6T22 SM6T22C EH MH 5 17.8 19 8 22 242 1 31.9 18.5 41 2 175 9.2 1350 
SM6T22A SM6T22CA EK MK 5 18.8 20.9 22 23.1 1 30 6 20 393 183 92 1350 
SM6T24 SM6T24C EL ML 5 19.4 21.6 24 264 1 34.7 17.5 44.9 160 94 1250 
SM6T24A SM6T24CA EM MM 5 20.5 22.8 24 25.2 1 33.2 18 42.8 168 9.4 1250 
SM6T27 SM6T27C EN MN 5 21.8 24.3 27 29.7 1 391 15 5 50.5 143 96 1150 
SM6T27A SM6T27CA EP MP 5 23.1 25.7 27 28.4 1 37.5 16 48.3 149 9.6 1150 
SM6T30 SM6T30C EO MO 5 24.3 27 30 33 1 43.5 13.5 56.1 128 9.7 1075 
SM6T30A SM6T30CA ER MR 5 25.6 28.5 30 31.5 1 41.4 14.5 53.5 134 9.7 1075 
SM6T33 SM6T33C ES MS 5 26 8 29.7 33 36.3 1 47.7 12.5 61.7 117 9.8 1000 
SM6T33A SM6T33CA ET MT 5 28.2 31.4 33 34.7 1 45.7 13.1 59 122 9.8 1000 
SM6T36 SM6T36C EU MU 5 29.1 32.4 36 39 6 1 52 11.5 67.3 107 9.9 950 
SM6T36A SM6T36CA EV MV 5 30.8 34 2 36 37.8 1 49.9 12 643 112 9.9 950 
SM6T39 SM6T39C EW MW 5 31.6 35.1 39 42 9 1 56.4 10.6 73 99 10.0 900 
SM6T39A SM6T39CA EX MX 5 33.3 37.1 39 41 1 53.9 111 69.7 103 100 900 
SM6T68 SM6T68C FP NP 5 55.1 61.2 68 74.8 1 98 61 127 57 10 4 625 
9M6T68A SM6T68CA FO NO 5 58.1 64.6 68 71.4 1 92 6.5 121 59.5 10.4 625 
SM6T100 SM6T100C FX NX 5 81 90 100 110 1 144 4.2 187 38.5 10.6 500 
SM6T100A SM6T100CA FV NV 5 85.5 95 100 105 1 137 4.4 178 40.5 10.6 500 
SM6T150 SM6T150C GK OK 5 121 135 150 165 1 215 2.8 277 26 10.8 400 
SM6T150A SM6T150CA GL OL 5 128 143 150 158 1 207 2.9 265 27.2 10.8 400 
SM6T200 SM6T200C GT OT 5 162 180 200 220 1 287 21 370 19.4 10.8 350 
SM6T200A SM6T200CA GU au 5 171 190 200 210 1 274 22 353 20.4 10.8 350 
SM6T220 GV 5 178 198 220 242 1 316 1.9 406 17.7 1p.8 330 
SM6T220A GW 5 188 209 220 231 1 301 2 388 18.6 10 8 330 

• Pulse test tp ,;; 50 ms o < 2 %. 
" D1vide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply In both directions. 
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SM6T6V8, A -> 220, A/SM6T6VBC, A -> 200C, A 

ORDER CODE 

SM 6 T 6V8 CA 

'"''"' Mo"m d"i~ =::U 1 
Power range : 6 - 600 W 

TRANSIL: T 

-,-~ 
Tolerances : with suffix A ± 5 % 

without suffix ± 1 0 % 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

L------ VBR voltage range 

PACKAGE MECHANICAL DATA 

SOD 6 Plastic 

F 

c 

DBBSDD 

FOOT PRINT DIMENSIONS (Millimeters) 

1·' ~ 1· 

L~ 

Ref. 
Millimetres Inches 

Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
B 6.0 6.4 . 0.236 0.252 
c 3.8 4.2 0.150 0.165 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 0.9 1.3 0.035 0.051 

Laser marking. 
The logo indicates cathode for unidirectional types. 

3,81 

DBBSODB 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 
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'o (W) 

Tj initial 25 •c 

Ill 

II 1111 II II 
VsR < 10 V ........... 
10 V ~ VsR < 250 V 

····· ...... 

.. ... 
····· 

~~ 

i'-. 

tp (ms) expo 

10 10-3 10 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

••• 0 

F§irn· 15at· ·· · · - ....... . ................... 

SM6T 68A 

SM6T 39A 

SM6i 2~A 

SM6~ 1bA 
SM6T 6VBA 

········· 
······ 

............... 
.... 

........... 

10 

. ...... . 

...... ··· ······•··· .... ····· 

Ipp (A) 

Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ·········· 

t 1ms---
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : llV (BR) =exT (V (BRJ J X [Tj - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 
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Fig.3 - Allowable power dissipation versus 
junction temperature. 
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Fig. 5 - Thermal res !stance junction-
ambient versus Cu surface (printed circuit). 
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Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 

DBBSM6TP5 

P (W) 
1.5 

1.0 

0.5 

0.0 

r-... 
r-... 

Tamb [•c) 

50 

~ 

" 
100 

I I 

I l 
I 

i 

I 

" "' "' 1'.. 
150 

Fig. 4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

4 C (pF) 
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Fig.Ba - Capacitance versus re~erse applied 
voltage for unidirectional types 
(typical values) . 
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Fig .Bb - Capacitance versus reverse applled 
voltage for bidirectional types 
(typical values) . 
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~ SGS·THOMSON SM15T6V8, A ---7 220, A 
.. ~I ~o~rm©~lL~~ulm©ffi!lD~~ SM15T6vac, A ---7 2ooc, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
1.5 kW I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v ~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use­
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

iFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SOD15 
{Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING : 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
1500 w 

See note 1 

T amb =25 °C 1.7 w 
T; Initial = 25 oc 

150 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range - 65 to 175 oc 
Tl 

h Maximum Lead Temperature for Soldering During 1 o s 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1. For surges upper than the maxtmum values, 
the diode will present a short-etrcUit anode-cathode. 

February 1989 

150 oc 
260 oc 

Value 

10 . ~ ""'" "" '"" """' 
1::oih 

L---------------~--------------+1 t 
1 •s 088TRANSIL 1 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 
See tables 

lpp Peak Pulse Current 

O:T Temperature Coefficient of v(BR) 

c Capacitance 

tclamp1ng Clamping Time (0 volt to V(BRJ) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM @ VRM V (BRI' @ IR V (CL) @ lpp V (Cl) @ lpp ar C" 
max. (V) max. max. max. typ. 

V R= 0 
1 ms expo 8-20~s expo f:1MHz 

Unidirec- Bidlrec- Unldlrec- Bidirec- (~A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o- 4 /°C) (pF) 
tiona I tional tiona I tlonat 

SM15T6V8 SM15T6V8C MOD BDD 1000 5.5 6.12 6.8 7.48 10 10.8 139 14 714 5.7 9500 
SM15T6V8A SM15T6V8CA MOE BDE 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
SM15T7V5 SM15T7V5C MDF BDF 1000 6.05 6.75 7.5 8.25 10 11.7 128 15.2 660 6.1 8500 
SM15T7V5A SM15T7V5CA MDG BOG 1000 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 8500 
SM15T10 SM15T10C MDN BON 1 0 8.1 9.0 10 11 1 15 100 19 5 928 7.3 7000 
SM15T10A SM15T10CA MOP BOP 10 8.55 95 10 10.5 1 14.5 103 18.6 968 7.3 7000 
SM15T12 SM15T12C MDS BDS 5 9.72 10.8 12 13.2 1 17 3 87 22.7 793 7.8 6000 
SM15T12A SM15T12CA MDT BDT 5 10.2 11.4 12 12 6 1 16.7 90 21 7 829 7.8 6000 
SM15T15 SM15T15C MOW BOW 5 12.1 13.5 15 16.5 1 22 68 28.4 634 84 5000 
SM15T15A SM15T15CA MDX BOX 5 12.8 14.3 15 15.8 1 21.2 71 27.2 662 8.4 5000 
SM15T18 SM15T18C MED BED 5 14.5 16 2 18 19.8 1 26.5 56.5 34 529 8.8 4300 
SM15T18A SM15T18CA MEE BEE 5 15 3 17.1 18 18.9 1 25.2 59.5 32.5 554 8.8 4300 
SM15T22 SM15T22C MEH BEH 5 178 19 8 22 24.2 1 31 9 47 41.2 437 9.2 3700 
SM15T22A SM15T22CA MEK BEK 5 18.8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 3700 
SM15T24 SM15T24C MEL BEL 5 19.4 21.6 24 26.4 1 34.7 43 44.9 401 9.4 3500 
SM15T24A SM15T24CA MEM BEM 5 20.5 22.8 24 25 2 1 33 2 45 42.8 421 9.4 3500 
SM15T27 SM15T27C MEN BEN 5 21.8 24.3 27 29 7 1 39.1 38 5 50.5 356 9.6 3200 
SM15T27A SM15T27CA MEP BEP 5 23.1 25.7 27 28.4 1 37.5 40 48 3 373 9.6 3200 
SM15T30 SM15T30C MEQ SEQ 5 24.3 27 30 33 1 43.5 34 5 561 321 97 2900 
SM15T30A SM15T30CA MER BER 5 25.6 28.5 30 31.5 1 41.4 36 53 5 336 97 2900 
SM15T33 SM15T33C MES BES 5 26.8 29.7 33 36.3 1 47.7 31.5 61.5 292 98 2700 
SM15T33A SM15T33CA MET BET 5 28.2 31.4 33 34.7 1 45.7 33 59 305 98 2700 
SM15T36 SM15T36C MEU BEU 5 29.1 32.4 36 39.6 1 52 29 67.3 267 9.9 2500 
SM15T36A SM15T36CA MEV BEV 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 2500 
SM15T39 SM15T39C MEW SEW 5 31.6 35.1 39 42.9 1 56.4 26.5 73 246 10.0 2400 
SM15T39A SM15T39CA MEX SEX 5 33.3 371 39 41 1 53.9 28 69.7 258 10.0 2400 
SM15T68 SM15T68C MFN BFN 5 55.1 61.2 68 74.8 1 98 15.3 127 142 10.4 1550 
SM15T68A SM15T68CA MFP BFP 5 58.1 64.6 68 71.4 1 92 16.3 121 148 10.4 1550 
SM15T100 SM15T100C MFW BFW 5 81 90 100 110 1 144 10 4 187 96 10 6 1150 
SM15T100A SM15T100CA MFX BFX 5 85.5 95 100 105 1 137 11 178 101 10 6 1150 
SM15T150 SM15T150C MGH BGH 5 121 135 150 165 1 215 7 277 65 10.8 850 
SM15T150A SM15T150CA MGK BGK 5 128 143 150 158 1 207 7.2 265 68 10 8 850 
SM15T200 SM15T200C MGU BGU 5 162 180 200 220 1 287 5.2 370 48.5 10.8 675 
SM15T200A SM15T200CA MGV BGV 5 171 190 200 210 1 274 5.5 353 51 10.8 675 
SM15T220 MGW 5 175 198 220 242 1 344 4.3 406 44.5 10.8 625 
SM15T220A MGX 5 185 209 220 231 1 328 4.6 388 46.5 10.8 625 

• Pulse test t,,; 50 ms li < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristiCS apply in both d~rect1ons. 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

ORDER CODE 

SM 15 T 6V8 CA 

Sorl>re Mourn d~oo _] ~ 1 
Power range: 15 -1500W ~ 
TRANSIL: T 

PACKAGE MECHANICAL DATA 

SOD 15 Plastic 

At=o ..1-

T 

-'Fr-

h~ 
~ 

DBBSOD 

c 

FOOT PRINT DIMENSIONS (Millimeters) 

-~ l1 To''""'"' •"" ""''A± 0% 
without suffix ± 1 0 % 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

'------- VBR voltage range 

Ref. 
Millimetres Inches 

Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
B 7.6 8.0 0.300 0.315 
c 4.8 5.2 0.190 0.200 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 1.3 1.7 0.051 0.067 

Laser marking. 
The logo ind1cates cathode for unidirectional types. 

5,08 

DBBSDD15 
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SM15T6V8, A-> 220, A/SM15T6V8C, A-> 200C, A 

4/6 
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~p (W) 

Tj initial ~ 25 ° c 

~ 

' II 1111 II II 
VBR < 10 v ........... 

.... 10 V ~ VBR < 250 V .. .. ....... 

······· ' 
........... 

tp (ms) expo 

10 10 3 10 2 10 1 10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

103 VeL (V) 

............. 
SM1~T 220AH-I+H:.::;; ... -"" ... -... l-:."::;;-... ~ .. -i. "-1 .. -t .. -+ .. tlt.-:-:: ... :;;; ... ""· 1-"H-H-1+ 
SM15T 15o'A,' .. ~ ... . = ........ .. . 
SM15T 6BA 

SM15T 39A ····· 
SM 1JT d2A~ +H+tt--1-----'f-+++t+tl-.::=-= ... :::-:::+-.f::-: ..... ±-.. --1. -t .. -+. + .. H. -1:,.:;;; ... , .. ·+'"1-I+H+H 

SM15~ lo1 ····· ····· 
10 

SM15T 6VBA 

Ipp (A) 

10 1 10 

Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ......... . 

t 1 ms ---
= 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : 6.V (BR) =ocT (V (BR)) X (T i - 25] X V (BR) 
For intermediate voltages, extrapolate the given results. 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

100 

50 

0 

Pp [Tjl 
P rr - 25 •cJ % p . -

...... 
!'-..... 

...... 
!'-..... 

' ....... 

', 
...... , 

Ti initial (•cJ 

25 50 75 100 125 150 175 

Fig .3 - Allowable power dissipation versus 
junction temperature. 

so Rth i -a (•c;wJ 

60 \ 
'\ 

'!--:--40 

20 

S (Cu) (cm2) 

2 3 4 5 

Fig.5- Thermal resistance junction-
ambient versus cu surface (printed circuit). 

102 Zth . (•c;wJ -a 

10 1/ 
/ 

/ 

k" 

t (s) 

10 

Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 

DBBSM15TP5 

p (W) 
2.0 

1.0 

0.0 

-- - r- ! 

'r-... 
I'- ' I I ! 

" 
" I 

' 
" I ,, 

Tam~ (•cJ !',. 
50 100 150 

Fig. 4 - Power dissipation versus amb1ent 
temperature. 

500 IFM (A) 

100 

10 

1 

!l Tj = 15o•c I I 
VTo = .8 v 
rT = .04 .n 

~~ 
j. 

I 

-t-1-:-

/ 
I I : i 

TJ initial = 
I 25°C --I 

15o•c ---

' 
i 

I I I 

I I VFM IV) 

0 2 3 4 5 6 7 

Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM15T6V8, A-> 220, A/SM15T6VBC, A-> 200C, A 
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4 C (pF) 
10 

~BVS.ot 

~ A 

~ ~B8.ot 

~5~.?ooA ..._ 

10 

ri = 25 •c 
f - 1 MHZ 

r-vR (V) 

100 500 

F1g.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) . 

4 C (pF) 
10 

SII15T kvacA 

~M 
~ST kobi 
~ST BBCA 

i JLL 
~ 200CA 

I II IT 

ri = 25 •c 
f = 1 MHZ 

-

t--VR (V) 

10 100 500 

Fig. Bb - Capacitance versus reverse applied 
voltage for bidirectional types 
(typical values) . 
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S0-8J 

S0-16J 

4BO!o50 06 m•• 
-
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- £' 
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PACKAGES 

S0-14J 

S0-20L 
S0-20 (12+4+4) 
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PACKAGES 

S0-28 

8 lead Ceramic Minidip 

890 

8 lead Plastic Minidip 
4 + 4 lead Powerdip 

EJ9.somu 

' . 

141ead Plastic Dip 

Q ...... Lt 



141ead Ceramic Dip 

16 lead Plastic Dip (0.4) 
8 + 8 lead Powerdip 
12 + 2 + 2 lead Powerdip 

E:Jzom•·. 

" . 
' . -- - -

PACKAGES 

16 lead Plastic Dip (0.25) 

I I 

~:::::::1 

18 lead Plastic Dip 

~ 
~to0 50 

~ 
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PACKAGES 

20 lead Plastic Dip (0.4) 
16 + 2 + 2 Powerdip 

28 lead Plastic Dip 

37341N• 

I I [::::::::J 
892 

14.1 m,u 

023to 

15.2to16.68 

20 lead Plastic Dip (0.25) 

[""'···_ -=::::::J 
SOT-82 



PACKAGES 

T0-220 SIP-10 

II 2 54 

II 4.95to521 

I 0 80to1 05 

PENTA WATT 

Horizontal Version Vertical Version 

035to055 _ - 1785 F"'-"'-v ""I 15 75 _] 

~~:=n~ll'lcfD1~11 ~ 
~ I 214 ' _j 'I I I 24to28 ----- ;.. J 

8 ' 225 : ~ 1 104"'a" 
~!1 1Dto140 - - _ ______, ,_ -~ 

~rn-~ ---:_:-~ ~-~ ~. ti~~~: - ,,--t-:-- .r:D 0 

~~E~ .. ! 1"9 8; 
_ji-.J u l2r 

1.29~· 160to66 -2 6to30 
151t0158ma' ' 
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PACKAGES 

HEPTAWATT 

Horizontal Version 

MULTIWATT-15 

Horizontal Version 

894 

Vertical Version 

Vertical Version 
~ 22.10 to 22 60 
1 _ __£uo_n_s 



MULTIWATT -11 

SOT-82 (Discrete) 

A 

M 
P(-0303/1 

·:WITHIN THIS REGION THE 
CROSS-SECTION OF THE LEADS !S 
UNCONTROLLED 

PACKAGES 

DIMENSIONS 

mm inches 

min max min max 

A 7.4 7.8 0.295 0.307 
B 10.5 10.8 0.413 0.425 

c 2.4 2.7 0.094 0.106 
D 0.7 0.9 0.027 0.035 
E 2.2 typ. 0.087 typ. 

F 0.49 0.75 0.019 0.029 
G 4.4 typ. 0.173 typ. 

H 2.54 typ. 0.100 typ. 

L 15.7 typ. 0.618 typ. 

M 1.2 typ. 0.047 typ. 

pin 1: Base - pin 2: Collector - pin 3: Emitter 

895 



PACKAGES 

SOT-194 

MECHANICAL DATA 

Q 

()_ 

s 

PC-0276 

896 

LEAD FORMED 
SOT-82 FOR SURFACE 
MOUNTING ASSEMBLY 

DIMENSIONS 
mm inches 

min max min max 

A 7.4 7.8 0.295 0.307 

B 10.5 10.8 0.413 0.425 
c 2.4 2.7 0.094 0.106 

D 0.7 0.9 0.027 0.035 

E 2.2 typ. 0.087 typ. 
F 0.45 I 0.65 0.017 I 0.026 
G 4.4 typ. 0.173 typ. 

H 3.8 typ. 0.149 typ. 
I 1.8 typ. 0.070 typ. 

L 0.1 typ. 0.004 tvo. 
M 3.8 4.2 0.149 0.165 
N 2 typ. 0.078 typ. 
0 6 typ. 0.236 typ. 

"' 45° 45° 
p 8.5 typ. 0.334 typ. 
Q 6.7 typ. 0.263 typ. 
R 3.5 typ. 0.137 typ. 
s 1.2 typ. 0.047 typ. 
T 1 typ. 0.039 typ. 
u 4.5 typ. 0.177 typ. 



PACKAGES 

ISOWATT-218 

MECHANICAL DATA 

DIMENSIONS 

mm inches 

min max min max 

A 15.8 16.2 0.622 0.637 
B 5.35 5.65 0.210 0.222 
c 3.3 3.8 0.130 0.149 
D 1.05 1.25 0.041 0.049 
E 10.8 11.2 0.425 0.441 
F 2.9 3.1 0.114 0.122 
G 0.45 1 0.017 0.039 
H 20.25 20.75 0.797 0.817 
L 4.85 5.25 0.190 0.206 
M 3.5 3.7 0.137 0.145 
N 20.8 21.2 0.818 0.834 
p 

PC-oue 40.5 42.5 1.594 1.673 
R 19.1 19.9 0.752 0.783 
s 22.8 23.6 0.897 0.929 
T 2.1 2.3 0.082 0.090 
u 4.6 typ. 0.181 typ. 
w 1.88 2.08 0.074 0.081 

pin 1: Base - pin 2: Collector - pir] 3: Emitter 
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PACKAGES 

ISOWATT ·220 

MECHANICAL DATA 

I 

,~ 
1~ 
3 

898 

DIMENSIONS 

mm inches 

min max min max 

A 10 10.4 0.393 0.409 
B 15.9 16.4 0.626 0.645 
c 28.6 30.6 1.126 1.204 
D 4.4 4.6 0.173 0.181 
E 2.5 2.7 0.098 0.106 
F 2.4 2.75 0.094 0.108 
G 0.4 0.7 0.015 0.027 
H 3 3.2 0.118 0.126 
L 9 9.3 0.354 0.366 
M 1.15 1.7 0.045 0.067 
N 0.75 1 0.030 0.039 
p 2.4 2.7 0.094 0.106 
a 1.15 1.7 0.045 0.067 
R 4.95 5.2 0.195 0.204 
s 16 typ 0.630 typ 

pin 1: Base - pin 2: Collector - pin 3: Emitter 



PACKAGES 

ISOWATT-5 

MECHANICAL DATA 

DIMENSIONS 

mm inches 
min max min max 

A 15.8 16.2 0.622 0.637 
B 5.35 5.65 0.210 0.222 
c 3.3 3.8 0.130 0.149 
D 0.75 1 0.029 0.039 
E 10.16 typ. 0.400 typ. 
F 2.9 3.1 0.114 0.122 
G 0.45 1 0.017 0.039 
H 20.25 20.75 0.797 0.817 
L 4.85 5.25 0.190 0.206 
M 3.5 3.7 0.137 0.145 
N 16 typ. 0.630 typ. 

= E = p 40.5 42.5 1.594 1.673 
Q 1.3 typ. 0.051 typ. 
R 19.1 19.9 0.752 0.783 
s 22.8 23.6 0.897 0.929 
T 2.1 2.3 0.082 0.090 
u 3.1 typ. 0.122 typ. 
v 1.5 typ. 0.063 typ. 
w 1.88 2.08 0.074 0.081 
z 5.08 typ. 0.200 typ. 
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PACKAGES 

T0-218 (SOT 93) 

MECHANICAL DATA 

A 

PC-0287 

B 
[ 

G 

DIMENSIONS 
mm inches 

min max min max 
A 14.7 15.2 0.578 0.598 
B 4.7 4.9 0.185 0.193 
c 1.9 2.1 0.075 0.062 
D 1.1 1.3 0.043 0.051 
E 10.6 11.1 0.425 0.437 
F 2.5 typ 0.096 typ 
G 0.5 I 0.76 0.019 0.030 
H 16 typ 0.708 typ 
L 3.95 4.15 0.155 0.163 
M 4 4.1 0.157 0.161 
N - 16.2 - 0.637 
p 31 typ 1.220 typ 
R - 12.2 - 0.460 

pin 1: GATE - pin 2: DRAIN - pin 3: SOURCE 

-------------- I.:U ~~~~m?1T~:~~a:~ -------------
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PACKAGES 

T0-220 (Discrete) 

MECHANICAL DATA 

E 
DIMENSIONS 

mm inches 

min max min max 

A 10 10.4 0.393 0.409 
B 15.2 15.9 0.598 0.626 
c 12.7 13.7 0.500 0.539 
D 6.2 6.6 0.244 0.260 
E 4.4 4.6 0.173 0.181 
F 3.5 5.5 0.137 0.216 
G 2.65 2.95 0.104 0.116 
H 17.6 typ. 0.692 typ. 
L 1.14 1.7 0.044 0.067 

M 3.75 3.85 0.147 0.151 
N 1.23 1.32 0.048 0.051 
p 0.41 0.64 0.016 0.025 
R 2.4 2.72 0.094 0.107 
s 4.95 5.15 0.194 0.203 
T 2.4 2.7 0.094 0.106 
u 0.61 0.94 0.024 0.037 

pin 1: GATE - pin 2: DRAIN - pm 3: SOURCE 

----------------------------~~~~~~~v~:~~©~ ----------------------------
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PACKAGES 

MECHANICAL DATA 

G H 
DIMENSIONS 

mm inches 

min max min max 
A 25 26 0.984 1.023 
B 38.5 39.3 1.515 1.547 
c 30 30.3 1.181 1.193 
D 16.5 17.2 0.649 0.677 
E 10.7 11.1 0.421 0.437 
G 11 13.1 0.433 0.515 
H 8.32 8.92 0.327 0.351 
L 1.5 1.65 0.059 0.065 
M 19 20 0.748 0.787 
N 0.97 1.15 0.038 0.045 
p 4 4.09 0.157 0.161 

p1n 1: Base - p1n 2: Em1tter - p1n 3: Collector 
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U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoen1x, AZ 85022-2699 
(1 )-(602) 867-6340 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville - (205) 533-5995 

ARIZONA 
Phoen1x - (602) 867-6340 

CALIFORNIA 
Irvine- (714) 250-0455 
San Jos- (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

GEORGIA 
Norcross- (404) 242-7444 

ILLINOIS 
Schaumburg- (708) 517-1890 

MARYLAND 
Columbia- (301) 995-6952 

MASSACHUSSETTS 
Waltham - (617) 890-6688 

NEW JERSEY 
Voorhees - (609) 772-6222 

OREGON 
Tigard- (503) 620-5517 

TEXAS 
Aust1n- (512) 339-4191 
Carrollton- (214) 466-8844 

WASHINGTON 
Seattle- (206) 524-6421 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THEUS A 

CALIFORNIA 
Hawthorne- (213) 675-0742 

NEW JERSEY 
Totowa- (201) 890-0884 

PENNSYLVANIA 
Montgomeryville- (215) 362-8500 

TEXAS 
Carrollton- (214) 466-8844 

SALES OFFICES 

WEST GERMANY 

6000 FRANKFURT 
Gutleutstrabe 322 
Tel (49-69) 237492 
Telex· 176997 689 
Telefax· (49-69) 231957 
Teletex 6997689=STVBP 

8011 GRASBRUNN 
Breton1scher R1ng 4 
Neukeferloh Technopark 
Tel (49-89) 460060 
Telex. 528211 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel (49-511) 634191 
Telex 175118418 
Teletex 5118418 csfbeh 
Telefax (49-511) 633552 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel . (49-911) 597032 
Telex 626243 
Telefax (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Str 22a 
Tel (49-2241) 660 84-86 
Telex 889510 
Telefax (49-2241) 67584 

7000 STUTTGART 
Oberer K~rchhaldenweg 135 
Tel (49-711) 692041 
Telex· 721718 
Telefax· (49-711) 691408 
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SALES OFFICES 

AUSTRALIA 

NSW 2027 EDGECLIFF 
Su1te 211, Edgecltff centre 
203-233, New South Head Road 
Tel (61-2) 327 39 22 
Telex 071 126911 TCAUS 
Telefax (61-2) 327.61 76 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11)883-5455 
Telex (39-11) 37988 "UMBR BR" 

CANADA 

BRAMPTON, ONTARIO 
341 Main St North 
Tel (416) 455-0505 
Telefax 416-455-2606 

CHINA 

BEIJING 
Beij1ng No 5 Semiconductor 
Dev1ce Factory 
14 Wu Lu Tong Road 
Da Shang Mau Wa1 
Tel (861) 2024378 
Telex 222722 STM CH 

DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel ( 45-2) 94 85 33 
Telex 35411 
Telefax. (45-2) 948694 

FRANCE 

94253 GENTILLY Cedex 
7- avenue Galllent- BP. 93 
Tel.. (33-1) 47 40 75 75 
Telex 832570 STMHQ 
Telefax (33-1) 47 40 79 10 

67000 STRASBURG 
20, Place des Hailes 
Tel (33) 88 25 49 90 
Telex 870001 F 
Telefax· (33) 88 22.29 32 

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 DELHI110 001 
Ltason Offtce 
c/o Dtners Bus1ness Servtces Pvt Ltd 
World Trade Tower- F~rst Floor 
Barakhamba Lane 
Tel 331 4668-331 2840 
Telex 031 63421 DBSD IN 
Telefax 331 2830 

ITALY 

20090 ASSAGO (MI) 
VIe Mllanofton- Strada 4- Palazzo A/4/A 
Tel (39-2) 89213 1 (10 linee) 
Telex 330131 -330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Vta R Fuctni, 12 
Tel (39-51) 591914 
Telex. 512442 
Telefax (39-51) 591305 

00161 ROMA 
Vta A Torlonta, 15 
Tel. (39-6) 8443341/2/3/4/5 
Telex 620653 SGSATE I 
Telefax (39-6) 8444474 

JAPAN 

TOKY0108 
Nisseki - Takanawa Bid 4F 
2-18-10 Takanawa 
Mlnato-Ku 
Tel (81-3) 28Q-4121 
Telefax (81-3) 280-4131 

KOREA 

SEOUL 121 
8th floor Shtnwon Butlding 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 552-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
Dtllenburgstraat 25 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kto - lndustnal Park 2 
Tel. (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

SPAIN 

08021 BARCEL~NA 
Calle Platen, 6 41 Floor, 5'" Door 
Tel (34-3) 2022017-2020316 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 27060 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarfjordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemtn Frano1s-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel (44-628) 890800 
Telex: 847458 
Telefax. (44-628) 890391 


