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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

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

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

2. A critical component is any component of a life support 
device or system whose failure to perform can reason
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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INTRODUCTION 

AUTOMOTIVE POWER IC TECHNOLOGY 

Since the early seventies, more and more func
tions have been added to our cars not only with 
the purpose of guaranteeing a better contort to 
drivers and passangers, but also to reduce opera
ting costs and finally to ensure compliance with 
new regulations concerning noise and pollution. 
Because of all these needs, cars have to house 
more and more modules designed to perform 
more or less complex operations. 
This growth makes more and more evident the 
need to reduce the room taken by each module, 
with the double target of minimizing the cost of 
the particular function and increasing the number 
of functions in a specific car; in parallel, by in
creasing the number of modules, it becomes 
mandatory to increase the reliability of each of 
them, otherwise the reliability of the total car 
would be badly affected. 
All these issues recently pushed the manufacturers 
of automotive systems to refer very often to pro
ducers of integrated circuits asking for the devel
opment of monolithic devices capable of replacing 
effectively a number of discrete components, 
passive parts included; anyway the trend to a 

total integration is not over by just designing onto 
a simple piece of silicon a complete function, but 
it carries on implementing in the same device a 
number of auxiliary services, that would add a 
substantial cost if achieved by discrete compo
nents, but can easily find place on a few extra 
square millimeters of silicon. 
It is evident that the key issue to pursue the 
monolithic design of very complex functions in the 
automotive enviroment is the availability of very 
capable processes. 
There is no single IC technology that is superior 
to all others in every aspect: for each application 
the choice of technology must be a tradeoff de
pending on the type of load and on the circuit 
complexity required. Consequently, the availa
bility of many technologies (high density, high 
power, purely Bipolar, purely MOS and finally 
Mixed) is mandatory allowing the best choice in 
terms of both technical characteristics and cost. 

Today, however, the strong need to host on the 
same chip high density signal circuitry together 
with power stages managing currents of several 
amperes, has driven the main focus to various 

L9360 DUAL INJECTOR DRIVER. Designed for multipoint fuel injection systems, the L9360 contains two smart power 
circuits that drive fuel injector solenoids. This device is produced using mixed Bipolar-CMOS-DMOS technology which 
guarantees very low power dissipation. 

----------------------------- ~~~~@~~~:~~~ ----------------------------
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SGS-THOMSON's automotive product portfolio covers a very broad range of applications in Car applications enviroment. 

mixed processes usually identified as "Smart 
Power". The technologies used to manufacture 
ICs that can be defined Smart Power are divided 
into two main families: bipolar and mixed. These 
are divided in turn into horizontal and vertical 
structures; the choice of one technology rather 
than another depending on various elements, 
such as the number of power stages and the 
value of their resistance in the "ON" condition. 
Regardless of the process choice, for an inte
grated circuit the electrical and physical enviro
ment of a vehicle is extremely hostile. Any elec
tronic component designed for automotive 
applications must operate over a very wide tem
perature range, it must operate on a wide range 
of supply voltages, it must be able to survive ac
cidental battery reversal and it must be robust 
enough to withstand the high energy transients 
which sometimes occur on the battery rail. When 
the battery is accidentally disconnected from the 
alternator during a high current charging phase, 
for example, a transient is generated which can 
exceed 1 OOV. 
Transients of up -100V can also be generated if 

an inductive load is de-energized suddenly. 
Finally it is worth to underline that an integrated 
circuit does not consist of just silicon technology, 
but relies heavily on package and bonding tech
nology, and that is particularly true for a Smart 
Power device. SGS-THOMSON is able to op
timize the use of silicon area by using a mixed 
bonding process, where signal pads are bonded 
thin gold wires and power pads with thick alumi
nium wires. 
This is only one of the many achiviements gained 
by SGS-THOMSON during nearly 15 years spent 
designing components dedicated to the Automo
tive Market, and today SGS-THOMSON offers 
one of the widest choice of rugged and cost effec
tive solutions for any kind of application in the car 
enviroment 
SGS-THOMSON's automotive product portfolio 
covers a very broad range of powertrain, body 
electronics, instrumentation, vehicle control 
charging and power supply applications. For most 
of your design needs you will find the solution in 
this book. 
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ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

1.5 KE Series 1500 W/1 ms expo-Uni and Bidirectional Devices 575 

BDW93 12A NPN Power Darlington , 583 

BDW93A 12A NPN Power Darlington . 583 

BDW93B 12A NPN Power Darlington . 583 

BDW93C 12A NPN Power Darlington . 583 

BDW94 12A PNP Power Darlington 583 

BDW94A 12A PNP Power Darlington 583 

BDW94B 12A PNP Power Darlington 583 

BDW94C 12A PNP Power Darlington 583 

BU931 High Voltage Ignition Coil Drive NPN Power Darlington 589 

BU931P High Voltage Ignition Coil Drive NPN Power Darlington 589 

BU931 PFI High Voltage Ignition Coil Drive NPN Power Darlington 589 

BU931T High Voltage Ignition Coil Drive NPN Power Darlington 593 

BU931TFI High Voltage Ignition Coil Drive NPN Power Darlington 593 

BU931SM High Voltage Ignition Coil Drive NPN Power Darlington 593 

BU931Z High Voltage Ignition Coil Drive NPN Power Darlington 597 

BU931ZP High Voltage Ignition Coil Drive NPN Power Darlington 597 

BU931ZPFI High Voltage Ignition Coil Drive NPN Power Darlington 597 

BU931ZT High Voltage Ignition Coil Drive NPN Power Darlington 601 

BU931ZTFI High Voltage Ignition Coil Drive NPN Power Darlington 601 

BU931ZSM High Voltage Ignition Coil Drive NPN Power Darlington 601 

BZW04 Series 400 W/1 ms Expo-Uni and Bidirectional Devices . 605 

BZW50 Series 5000 W/1 ms Expo-Uni and Bidirectional Devices 613 

L387A Very Low Drop 5V Regulator with Reset 35 

L482 Hall-Effect Pickup Ignition Controller 39 

L484 Magnetic Pickup Ignition Controller . 47 

L497 Hall Effect Pickup Ignition Controller 57 

L530 Electronic Ignition Interface . . . 67 

L584 Multifunction Injection Interface .. 75 

L585 Car Alternator Regulator • 0 ••• 87 

L2605 0.5A Low Drop Voltage Regulator 93 

L2610 0.5A Low Drop Voltage Regulator 93 

L2685 0.5A Low Drop Voltage Regulator 93 

L4620 Liquid Level Alarm ....... 97 

L4805 0.4A Very Low Drop Voltage Regulator . 105 

L4808 0.4A Very Low Drop Voltage Regulator . 105 

L4810 0.4A Very Low Drop Voltage Regulator . 105 

L4812 0.4A Very Low Drop Voltage Regulator . 105 

L4885 0.4A Very Low Drop Voltage Regulator . 105 

ru SCS·lHOMSON ':'!I IJJO(g:OO@~~~=@I\!11©@ 
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Type 
Number 

L4892 

L4901A 

L4902A 

L4903 
L4904A 

L4905 

L4915 

L4916 

L4918 

L4920 

L4921 

L4922 
L4923 
L4925 

L4936 
L4937 

L4938 

L4939 

L4945 

L4947R 

L4948 

L4949 

L4950 

L4951 
L9222 

L9305A 

L9307 

L9308 

L9309 

L9324 

L9326 

L9341 
L9351 

L9360 

L9363 

L9444VB 

L9448VB 

L9480VB 

L9610C 

ALPHANUMERICAL INDEX 

Function 

0.4A Very Low Drop Voltage Regulator . 
Dual 5V Regulator with Reset . . . . . 

Dual 5V Regulator with Reset and Disable . . 

Dual 5V Regulator with Reset and Disable . . . . . . . . . . . . . 
Dual 5V Regulator with Reset . . . . . . . . . . . . . . . . 

Dual 5V Regulator with Reset . . . . . . . . . . . . . . . . . . . 

Adjustable Voltage Regulator Plus Filter 

Voltage Regulator Plus Filter . . . . . . 

Voltage Regulator Plus Filter . . . . . . 

Very Low Drop Adjustable Regulator . . . . . . . . . . . . 

Very Low Drop Adjustable Regulator . . . . . . . . . . . . . . . 

5V-1 A Very Low Drop Regulator with Reset . . . . . . . . . . . . 

5V-1 A Very Low Drop Regulator with Reset and Inhibit ...... . 
5V-Very Low Drop Voltage Regulator ............... . 

Dual Multifunction Voltage Regulator . . . . . . . . . . . . . . 
Dual Multifunction Voltage Regulator . . . . . . . . . . 

Dual Multifunction Voltage Regulator . . . . . . . . . . . . . . . . 

Dual Multifunction 5V Voltage Regulator . . . . . . . . . . . . . . 

5V-Very Low Drop Voltage Regulator . . . . . . . . . . . . . . . . 

5V- 0.5A Very Low Drop Regulator with Reset . . . . . . . . . . . 

Quad Voltage Regulator with Inhibit and Reset .......... . 

Multifunction Very Low Drop Voltage Regulator . . . . . . . . . . 
8.5V Very Low Drop Voltage Regulator . . . . . . . . . . . . . . . 

1 OV Very Low Drop Voltage Regulator . . . . . . . . . . . . . 
Quad Inverting Transistor Switch . . . . 
Dual High Current Relay Driver . . . . . 

Dual High Current Low Side Driver . . . 

Dual Low Side Driver . . . . . . . . . . . . . . . . . . . . . . . . 

Dual High Current Low Side Driver ................ . 

Window Lift Controller . . . . . . . . . . . . . . . . . . . . . . . 
Dual Intelligent Power Low Side Switch 

Quad Low Side Driver . . . . . . . . 

High Side Driver . . . . . . . . . . . . 

Dual Injection Driver . . . . . . . . . . . . . . . . . . . . . . . . 

Quad Integrated Low Side Driver . . . . . . . . . . . . . . . . . 

One Chip Car Alternator Regulator . . . . . . . . . . . . . . . . . 
One Chip Car Alternator Regulator . . . . . . . . . . . . . . . . . 

One Chip Car Alternator Regulator . . . . . . . . . . . . . . . . . 

PWM Power Mos Controller . . . . . . . . . . . . . . . . . . . . 

Page 
Number 

105 

109 

119 

129 

137 

145 

153 

159 

165 

171 

171 

175 

179 
183 

189 

197 

189 

205 

213 
217 

221 

229 
213 

213 

235 
239 

243 

247 

243 

253 
261 

267 

275 

279 

287 

293 
293 
293 

297 
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Type 
Number 

L9611C 

L9686 

L9700 

L9703 

L9704 

L9705 

L9811 

L9812R 

L9821 

L9822 

L9822E 

L9830 

L9842 

L9907 

L9930 

L9936 

L9937 

,,L9946 

8 

L9947 

LDP24AS 

MTP3055E 

MTP3055EFI 

P6KE Series 

PL360D 

RB008 

RB040 

SM4T Series 

SM6T Series 

SM15T Series 

ST9560 

ST9561 

STGP10N50A 

STK12N05L 

STK12N06L 

STK22N05 

STP19N05L 

STP19N06L 

STP25N06 

STP25N06FI 

ALPHANUMERICAL INDEX 

Function 

PWM Power Mas Controller 

Automotive Direction Indicator 

Hex Precision Limiter . . .. 

Octal Ground Contact Monitoring Circuit 

Octal Supply Contact Monitoring Circuit 

Double Quad Contact Interface Circuit 

High Side Driver Circuit . 

High Side Driver Circuit . . . 

High Side Driver . . . . . . 

Octal Serial Solenoid Driver . 

Octal Serial Solenoid Driver . 

Monolithic Lamp Dimmer 

Octal Parallel Low Side Driver 

Motor Bridge for Headlight Adjustment 

Dual Full Bridge ..... 

Half Bridge Motor Driver 

Full Bridge Motor Driver . 

Multiple Half Bridge Driver 

Quad Half-Bridge and Single High-Side Driver . 

Load Dump Transient Voltage Suppressor .. 

N-Channel Enhancement Mode Power Mosfet Transistor 

N-Channel Enhancement Mode Power Mosfet Transistor 

600 W/1 ms expo - Uni and Bidirectional Devices 

300 W/1 ms expo - Unidirectional Device ..... . 

Reversed Battery and Overvoltage Protection Circuit 

Reversed Battery and Overvoltage Protection Circuit 

400 W/1 ms expo - Uni and Bidirectional Surface Mount Devices 

600 W/1 ms expo - Uni and Bidirectional Surface Mount Devices 

1500 W/1 ms expo- Uni and Bidirectional Surface Mount Devices 

Data Link Controller for Vehicle Area Network 

Data Link Controller for Vehicle Area Network . . . . . . . . . 

Isolated Gate Bipolar Transistor (IGBT) ............ . 

N-Channel Enhancement Mode Low Threshold P/M Transistor 

N-Channel Enhancement Mode Low Threshold P/M Transistor 

N-Channel Enhancement Mode Power Mosfet Transistor ... 

N-Channel Enhancement Mode Low Threshold P/M Transistor 

N-Channel Enhancement Mode Low Threshold P/M Transistor 

N-Channel Enhancement Mode Power Mosfet Transistor 

N-Channel Enhancement Mode Power Mosfet Transistor .. 

Page 
Number 

297 

307 

311 

317 

323 

329 

335 

339 

343 

349 

357 

365 

371 

379 

385 

391 

399 

407 

411 

619 

625 

625 

631 

639 

645 

649 

655 

661 

667 

423 

423 

673 

679 

679 

685 

693 

693 

697 

697 



ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

STP36N06 N-Channel Enhancement Mode Power Mosfet Transistor . . . .. 705 

STP36N06FI N-Channel Enhancement Mode Power Mosfet Transistor . . . .. 705 

STP40N06L N-Channel Enhancement Mode Low Threshold P/M Transistor .. 713 

STP40N06LFI N-Channel Enhancement Mode Low Threshold P/M Transistor 713 

STP50N06 N-Channel Enhancement Mode Power Mosfet Transistor .. 717 

STP50N06FI N-Channel Enhancement Mode Power Mosfet Transistor ... . . 717 

STP55N06 N-Channel Enhancement Mode Power Mosfet Transistor ... . . 723 

STP55N06FI N-Channel Enhancement Mode Low Threshold P/M Transistor 723 

TEA7605 Low-Drop Voltage Regulator . . . . .. . . 455 

TEA7610 Low-Drop Voltage Regulator ••• 0 ••• . . . . 459 

TEA7685 Low-Drop Voltage Regulator ....... . . . . 463 

VB020 High Voltage Ignition Coil Driver Power IC . . .. 467 

VB024 High Voltage Ignition Coil Driver Power IC . . .. 471 

VB027 High Voltage Ignition Coil Driver Power IC . . . . . .. 477 

VB921Z High Voltage Ignition Coil Driver Power IC . . . . .. 483 

VB921ZFI High Voltage Ignition Coil Driver Power IC . . .. 483 

VB921ZV High Voltage Ignition Coil Driver Power IC . . .. 485 

VB921ZVFI High Voltage Ignition Coil Driver Power IC . . .. 485 

VN02N High Side Smart Power Solid State Relay . . . . . .. 487 I 
VN03 (ISO) High Side Smart Power Solid State Relay .. 495 
VN05N High Side Smart Power Solid State Relay .... . . 503 
VN06 (ISO) High Side Smart Power Solid State Relay .. 511 

VN168 High Side Smart Power Solid State Relay .... . . . . 519 

VN20N High Side Smart Power Solid State Relay ... . . . . . . 527 

VN21 (ISO) High Side Smart Power Solid State Relay . . .. 535 

VN30N High Side Smart Power Solid State Relay ... . . . . 543 

VN31 (ISO) High Side Smart Power Solid State Relay .. 549 

VND058 Smart Dual High Side Driver . . . . . . . . . . . . . . . .. 557 

VND108 Smart Dual High Side Driver .......... . . .. • 0. 0 . . 565 

i.W ~~m~,~~ -------------
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SELECTION GUIDE 

For detailed information on products referred to in the selection guide but not included 
as datasheet in this book, please refer to the databook indicated in colum "DB" 

SGS-THOMSON DATABOOKS 

DB DESCRIPTION ORDER CODE 

a 4 BIT MCU FAMILY ET9400 DBET9400ST/1 
b 8 BIT MCU FAMILIES EF6801/04/05 DB6BXXST/1 
c 16 BIT MPUs & ASSOCIATED PERIPHERALS DB6800ST/1 
d AUDIO POWER and PROCESSING ICs DBAUDIOPROST/1 
e AUTOMOTIVE PRODUCTS DBAUTOMOTIVEST/2 
f CB12000 SERIES STANDARD CELLS DBCB12/1 
g CB12000 SERIES STANDARD CELL MODULE GENERATORS DBCB12GEN/1 
h ANALOG CELLS AND ARRAYS DBANACA/1 090 
i HIGH SPEED CMOS DBHSCMOSST/1 
j IMAGE PROCESSING DBIMAGEPROST/2 
k INDUSTRIAL and COMPUTER PERIPHERAL ICs DBINCOMPEST/2 
I CB22000 SERIES STANDARD CELLS DBCB22KST/1 
m ISB12000 SERIES CONTINUOUS ARRAYS DBISB12KST/1 
n ISB24000 SERIES CONTINUOUS ARRAYS DBISB24KST/1 
0 LINE CARD ICs (01 '93) DBLINCARDST/2 
p LOW POWER SCHOTTKY TTL ICs DBLPSST/1 
q VOLTAGE REGULATORS BKVOLTAREST/1 
r POWER BIPOLAR TRANSISTORS DBBIPTRANST/1 
s POWER MODULES DBPOMODULEST/1 

t POWER MOS DEVICES DBPOWERMOSST/2 
u GAL PROGRAMMABLE LOGIC DEVICES DBPROLOGICST/1 
y PROTECTION DEVICES (01 '93) DBPROTECST/2 
w RF & MICROWAVE POWER TRANSISTORS (01 '93) DBRFST/2 
y SMALL SIGNAL TRANSISTORS DBSMSIGST/1 
z CMOS B SERIES DBCMOSBST/1 
a a CMOS LINEAR EKCMOSLINST/3 
ab POWER SKOTIKY DIODES DBPOSCHODIOST/1 
ab STATIC RAMs DBSRAM/1 
ac ISDN & DATACOM PRODUCTS DBISDNICST/1 
ad TELEPHONE SET ICs (01 '93) DBTELSETST/2 
ae COMPUTER GRAPHICS DBGRAPHICST/2 
at THE L4970 SWITCHING REGULATOR IC FAMILY BKL4970FA/0489 
ag THE TRANSPUTER DATABOOK DBTRANST/3 
ah THE TRANSPUTER DEVELOPMENT AND iq SYSTEMS DATABOOK 72TRN21901 
ai SCRs & TRIACS DBSCRTRIST/2 
aj VIDEO PRODUCTS SIGNAL PROCESSING DBTVCRSPST/1 
ak VIDEO PRODUCTS POWER & GRAPHICS DBPOMGRAST/1 
al ZBO MICROPROCESSOR FAMILY DBZ80ST/1 
am ZENER, SCHOTTKY & RECTIFIER DIODES DBDIODEST/1 
an MEMORY DATABOOK DBMEMORYST/2 
ao ST621 O/ST6215/ST6220/ST6225 DBST6ST/2 
ap ST624X Family LCD DISPLAY CONTROL (01 '93) DBST624XFST/1 
aq ST9 FAMILY 8/16 BIT MCU DBST9ST/1 
ar SUBSYSTEMS PRODUCT PROFILE BKSUBST/1 
as ST10 USER MANUAL UMST10ST/1 

(*) NOT INCLUDED IN CURRENT DATABOOKS CONTACT YOUR NEAREST SGS-THOMSON SALES OFFICE 
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SELECTION GUIDE 

IGNITION CONTROLLERS 

Device Function Package DB Page 
L482 Half-effect Pickup Ignition Controller DIP16/S016 - 39 

L484 Magnetic Pickup Ignition Controller DIP16/S016 - 47 

L497 Half Effect Pickup Ignition Controller DIP16/S016 - 57 

L530 Electronic Ignition Interface DIP16/S016 - 67 

VB020 Smart Monolithic High Voltage Driver for Electronic Ignition ISOWATT5 - 467 

VB024 Smart Monolithic High Voltage Driver for Electronic Ignition ISOWATT7 - 471 

VB027 Smart Monolithic High Voltage Driver for Electronic Ignition T0-220 5 Lead - 477 

VB921Z High Voltage Ignition Coil Driver Power IC T0-220 - 483 

VB921ZFI High Voltage Ignition Coil Driver Power IC ISOWATT220 - 483 

VB921ZV High Voltage Ignition Coil Driver Power IC T0-220 - 485 

VB921ZVFI High Voltage Ignition Coil Driver Power IC ISOWATT220 - 485 

IGNITION DARLINGTONS/IGBT 

Device Function Package DB Page 
BU911 High Voltage Driver for Electronic Ignition T0-220 r -
BU912 High Voltage Driver for Electronic Ignition T0-220 r -
BU921 High Voltage Ignition Coil Drive NPN Power Darlington T0-3 r -
BU921P High Voltage Ignition Coil Drive NPN Power Darlington T0-218 r -
BU921PFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT218 r -

BU921T High Voltage Ignition Coil Drive NPN Power Darlington T0-220 r -
BU921TFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT218 r -
BU931 High Voltage Ignition Coil Drive NPN Power Darlington T0-3 - 589 I 
BU931P High Voltage Ignition Coil Drive NPN Power Darlington T0-218 - 589 

BU931PFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT218 - 589 

BU931T High Voltage Ignition Coil Drive NPN Power Darlington T0-220 - 593 

BU931TFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT218 - 593 

BU931SM High Voltage Ignition Coil Drive NPN Power Darlington POWERS0-10 - 593 

BU931Z High Voltage Ignition Coil Drive NPN Power Darlington T0-3 - 597 

BU931ZP High Voltage Ignition Coil Drive NPN Power Darlington T0-218 - 597 

BU931ZPFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT218 - 597 

BU931ZT High Voltage Ignition Coil Drive NPN Power Darlington T0-220 - 601 

BU931ZTFI High Voltage Ignition Coil Drive NPN Power Darlington ISOWATT220 - 601 

BU931ZSM High Voltage Ignition Coil Drive NPN Power Darlington POWER S0-10 - 601 

STGH20N50 IGBT Driver for Electronic Ignition T0-218 * -

STGH20N50FI IGBT Driver for Electronic Ignition ISOWATT218 * -

STGP10N50A IGBT Driver for Electronic Ignition T0-220 - 673 

STGP10N50L Logic Level Input IGBT Driver for Electronic Ignition T0-220 * -

13 



SELECTION GUIDE 

FUEL INJECTION 

Function Package 

Multifunction Injection Interface DIP16 

ALTERNATOR REGULATORS 

Device Function Package DB Page 

L585 Car Alternator Regulator DIP16/S016 - 87 

L9444VB One Chip Car Alternator Regulator T0-220 - 293 

L9448VB One Chip Car Alternator Regulator T0-220 - 293 

L9480VB One Chip Car Alternator Regulator T0-220 - 293 

ACTUATORS 

Device Function Package DB Page 

L9222 Quad Inverting Transistor Switch POWERDIP (12+2+2) - 235 

L9305A Dual High Current Relay Driver POWERDIP (8+8) - 239 

L9307 Dual High Current Low Side Driver MULTIWATT11 - 243 

L9308 Dual Low Side Driver MINIDIP - 247 

L9309 Dual High Current Low Side Driver SIP10 - 243 

L9326 Dual intelligent Power Low Side Switch S024 (16+4+4) - 261 

L9341 Quad Low Side Driver MULTIWATT15 - 267 

L9351 High Side Driver PENTAWATT - 275 

L9360 Dual Injection Driver CLIP/MULTIWATT11 - 279 S020L (12+4+4) 

L9363 Quad Integrated Low Side Driver MUL TIWATT15 - 287 

L9811 High Side Driver Circuit HEPTAWATT - 335 

L9812R High Side Dnver Circuit HEPTAWATT - 339 

L9821 High Side Driver PENTAWATT - 343 

L9822 Octal Serial Solenoid Driver MULTIWATT15 - 349 

L9822E Octal Serial Solenoid Driver MULTIWATT15 - 357 

L9842 Octal Parallel Low Side Driver DIP20/S020 - 371 

L9930 Dual Full Bridge MULTIWATT11 - 385 

L9936 Half Bridge Motor Driver MULTIWATT8 - 391 

L9937 Full Bridge Motor Driver MULTIWATT11 - 399 

L9946 Multiple Half Bridge Driver MULTIWATT15 - 407 

L9947 Quad Half-Bridge and Single High-Side Driver MULTIWATT15 - 411 

VN02N High Side Smart Power Solid State Relay PENTAWATT - 487 
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SELECTION GUIDE 

ACTUATORS (Cont'd) 

Device Function Package DB Page 

VN03 (ISO) High Side Smart Power Solid State Relay PENTAWATT - 495 

VN05N High Side Smart Power Solid State Relay PENTAWATT - 503 

VN06 (ISO) High Side Smart Power State Relay PENTAWATT - 511 

VN16B High Side Smart Power Solid State Relay PENTAWATT - 519 

VN20N High Side Smart Power Solid State Relay PENTAWATT - 527 

VN21 (ISO) High Side Smart Power State Relay PENTAWATT - 535 

VN30N High Side Smart Power Solid State Relay PENTAWATT - 543 

VN31 (ISO) High Side Smart Power State Relay PENTAWATT - 549 

VND05B Smart Dual High Side Driver HEPTAWATT - 557 

VND10B Smart Dual High Side Driver HEPTAWATT - 565 

VOLTAGE REGULATORS 

Device Function Package DB Page 

L387A Very Low Drop 5V Regulator with Reset PENTAWATT - 35 

L2605 5V- 500mA Low Dropout Regulator T0-220/SOT-82 - 93 

L2610 10V- 500mA Low Dropout Regulator T0-220/SOT-82 - 93 

L2685 8.5V- 500mA Low Dropout Regulator T0-220/SOT-82 - 93 

L4805 400mA - 5V Very Low Drop Regulator T0-220/SOT-82 - 105 

L4808 400mA- 8V Very Low Drop Regulator T0-220/SOT-82 - 105 

L4810 400mA- 1 OV Very Low Drop Regulator T0-220/SOT-82 - 105 

L4812 400mA- 12V Very Low Drop Regulator T0-220/SOT-82 - 105 I 
L4885 400mA- 8.5V Very Low Drop Regulator T0-220/SOT-82 - 105 

L4892 400mA- 9.2V Very Low Drop Regulator T0-220/SOT-82 - 105 

L4901A Dual 5V Regulator with Reset HEPTAWATT d,ak 109 

L4902A Dual 5V Regulator with Reset and Disable HEPTAWATT d,ak 119 

L4903 Dual 5V Regulator with Reset and Disable Functions MINIDIP d,ak 129 

L4904A Dual 5V Regulator with Reset MINIDIP d,ak 137 

L4905 Dual 5V Regulator with Reset HEPTAWATT d,ak 145 

L4915 Adjustable Regulator Plus Filter MINIDIP (4+4) d 153 

L4916 Regulator Plus Filter MINIDIP (4+4) d 159 

L4918 Regulator Plus Filter PENTAWATT d 165 

L4920 Very Low Drop Adjustable Regulator PENTAWATT d 171 

L4921 Very Low Drop Adjustable Regulator MINIDIP (4+4) d 171 

L4922 Very Low Drop Regulator with Reset PENTAWATT - 175 

L4923 5V- 1 A Very Low Drop Regulator with Reset and Inhibit HEPTAWATT - 179 

L4925 Very Low Drop Regulator PENTAWATT - 183 

L4936 Dual Multifunction Regulator MULTIWATT11 - 189 
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VOLTAGE REGULATORS (Cont'd) 

Device Function Package DB Page 

L4937 Dual Multifunction Regulator HEPTAWATT - 197 

L4938 Dual Multifunction Regulator POWERDIP (12+2+2) - 189 

L4939 Dual Multifunction 5V Regulator POWERDIP (12+2+2) - 205 

L4945 5V- 500mA Very Low Drop Regulator T0-220 - 213 

L4947R 5V- 500mA Very Low Drop Regulator with Reset PENTAWATT - 217 

L4948 Quad Regulator with Inhibit and Reset MULTIWATT11 - 221 

L4949 Multifunction Very Low Drop Regulator MINIDIP/808 - 229 

L4950 8.5V - 500mA Very Low Drop Regulator T0-220 - 213 

L4951 1 OV - 500mA Very Low Drop Regulator T0-220 - 213 

TEA7605 Low-Drop Voltage Regulator T0-220 ak 455 

TEA7610 Low-Drop Voltage Regulator T0-220 ak 459 

TEA7685 Low-Drop Voltage Regulator T0-220 ak 463 

SPECIAL FUNCTIONS 

Device Function Package DB Page 

L4620 Liquid Level Alarm MINIDIP - 97 

L9324 Window Lift Controller DIP20 - 253 

L9610C PWM Power Mas Controller 8016 - 297 

L9611C PWM Power Mos Controller DIP16 - 297 

L9686 Automotive Direction Indicator MINI DIP - 307 

L9700 Hex Precision Limiter MINI DIP - 311 

L9703 Octal Ground Contact Monitoring Circuit DIP20/S020L - 317 

L9704 Octal Supply Contact Monitoring Circuit DIP20/S020L - 323 

L9705 Double Quad Contact Interface Circuit DIP20/S020L - 329 

L9830 Monolithic Lamp Dimmer HEPTWATT - 365 

Lg907 Motor Bridge for Head light Adjustment MINIDIP/POWERDIP - 379 S020L 

ST9560 Data Link Controller for Vehicle Area Network DIP28/S028 - 423 

ST9561 Data Link Controller for Vehicle Area Network PLCC44 - 423 

16 
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POWER DISCRETES FOR ACTUATORS APPLICATIONS 

Device Function Package DB Page 

BU82Z NPN Power Darlington Transistor T0-218 . -

BUZ10 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -

BUZ11 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
BUZ11A N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
BUZ11FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 t -
BUZ71 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
BUZ71FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 t -
BUZ71A N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
BUZ71AFI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 t -
BUZ72A N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
IRF520 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
IRF520FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 t -
IRF530 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -

IRF530FI N-Channel Enhacement Mode Power Mosfet Transistor ISOWATT220 t -

IRF540 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -
IRF540FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 I -
MTP3055E N-Channel Enhancement Mode Power Mosfet Transistor T0-220 I 625 

MTP3055EFI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 I 625 

STK7N10L N-Channel Enhancement Mode Low Threshold Power SOT-82 I -Mosfet Transistor 

STK9N10 N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 t -
STK12N05L N-Channel Enhancement Mode Low Threshold Power SOT-82 t 679 Mosie! Transistor 

STK12N06L N-Channel Enhancement Mode Low Threshold Power SOT-82 t 679 Mosfet Transistor 

STK14N05 N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 t -
STK14N06 N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 t -
STK16N05 N-Channel Enhancement Mode Power Mosie! Transistor SOT-82 I -
STK16N06 N-Channel Enhancement Mode Power Mosie! Transistor SOT-82 t -
STK16N10L N-Channel Enhancement Mode Low Threshold Power SOT-82 t -Mosfet Transistor 

STK17N10 N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 t -

STK20N06 N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 I -
STK22N05 N-Channel Enhancement Mode Power Mosie! Transistor SOT-82 I 685 

STK3055E N-Channel Enhancement Mode Power Mosie! Transistor SOT-82 I -
STLT19 N-Channel Enhancement Mode Low Threshold Power T0-220 t -Mosie! Transistor 

STLT19FI N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t -Mosie! Transistor 

STLT20 N-Channel Enhancement Mode Low Threshold Power T0-220 t -Mosfet Transistor 
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POWER DISCRETES FOR ACTUATORS APPLICATION (Cont'd) 

Device Function Package DB Page 

STLT20FI N-Channel Enhancement Mode Low Threshold Power ISOWATI220 
I -Mosie! Transistor 

STLT29 N-Channel Enhancement Mode Low Threshold Power T0-220 I -Mosie! Transistor 

STLT29FI N-Channel Enhancement Mode Low Threshold Power ISOWATI220 I -Mosie! Transistor 

STLT30 N-Channel Enhancement Mode Low Threshold Power T0-220 t -Mosie! Transistor 

STLT30FI N-Channel Enhancement Mode Low Threshold Power ISOWATT220 I -Mosie! Transistor 

STP8N10L N-Channel Enhancement Mode Low Threshold Power T0-220 I -Mosie! Transistor 

STP17N05L N-Channel Enhancement Mode Low Threshold Power T0-220 t -Mosie! Transistor 

STP19N05L N-Channel Enhancement Mode Low Threshold Power T0-220 t 693 Mosie! Transistor 

STP19N06L N-Channel Enhancement Mode Low Threshold Power T0-220 t 693 Mosie! Transistor 

STP20N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t -

STP20N06FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATI220 I -

STP20N10L N-Channel Enhancement Mode Low Threshold Power T0-220 I -Mosie! Transistor 

STP20N10LFI N-Channel Enhancement Mode Low Threshold Power ISOWATI220 I -Mosie! Transistor 

STP25N05 N-Channel Enhancement Mode Power Mosfet Transistor T0-220 t -

STP25N05FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATI220 t -

STP25N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t 697 

STP25N06FI N-Channel Enhancement Mode Power Mosie! Transitor ISOWATI220 I 697 

STP30N05 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t -
STP30N05FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATI220 t -
STP30N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t -
STP30N06FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATI220 t -

STP36N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t 705 

STP36N06FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATI220 I 705 

STP40N05 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t -
STP40N05FI N-Channel Enhancement Mode Power Mosfet Transistor ISOWATI220 t -
STP40N06L N-Channel Enhancement Mode Low Threshold Power T0-220 t 713 Mosfet Transistor 

STP40N06LFI N-Channel Enhancement Mode Low Threshold Power ISOWATI220 t 713 Mosie! Transistor 

STP45N05L N-Channel Enhancement Mode Low Threshold Power T0-220 t -Mosie! Transistor 

STP45N05LFI N-Channel Enhancement Mode Low Threshold Power ISOWATI220 t -Mosfet Transistor 

STP50N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 I 717 
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POWER DISCRETES FOR ACTUATORS APPLICATION (Cont'd) 

Device Function Package DB Page 

STP50N06FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATT220 t 717 

STP55N06 N-Channel Enhancement Mode Power Mosie! Transistor T0-220 t 723 

STP55N06FI N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 723 Mosie! Transistor 

STVHD90 N-Channel Enhancement Mode Power Mo~>let Transistor T0-220 I -

STVHD90FI N-Channel Enhancement Mode Power Mosie! Transistor ISOWATT220 I -

POWER DISCRETES FOR VOLTAGE REGULATORS 

Device Function Package DB Page 

BDW93 NPN Power Darlington Transistor T0-220 r 583 

BDW93A NPN Power Darlington Transistor T0-220 r 583 

BDW93B NPN Power Darlington Transistor T0-220 r 583 

BDW93C NPN Power Darlington Transistor T0-220 r 583 

BDW94 PNP Power Darlington Transistor T0-220 r 583 

BDW94A PNP Power Darlington Transistor T0-220 r 583 

BDW94B PNP Power Darlington Transistor T0-220 r 583 

BDW94C PNP Power Darlington Transistor T0-220 r 583 

TIP140 NPN Power Darlington Transistor T0-218 r -
TIP145 PNP Power Darlington Transistor T0-218 r -

SPECIAL PROTECTION FUNCTIONS 

I Device Function Package DB Page 

RB008-40 Reverse battery and Over Voltage Protection T0220 AB v 645 

RB040-40 Reverse battery and Over Voltage Protection T0220 AB v 649 

TRANSIL 

Pp(W) VRM (V) 
Type 

Case Page 
Unidirectional Bidirectional 

400/1 ms 5.8 to 376 BZW04 . ./BZW04P .. BZW04 .. B/BZW04P .. B F126 605 

600/1 ms 5.8 to 376 P6KE .. P,A P6KE .. CP, CA CB-417 631 

300/1 ms 270 PL360D - F126 639 

1500/1 ms 5.8 to 376 1.5KE. .. P, A 1.5KE ... CP, CA CB-429 575 

5000/1 ms 10to 180 BZW50 ... BZW50 ... B AG 613 

7000/1 ms 24 LDP24AS - AG 619 

SURFACE MOUNT TRANSIL 

Pp(W) VRM (V) 
Type 

Case Page 
Unidirectional Bidirectional 

400/1 ms 5.5 to 188 SM4T ... ,A SM4T .. C,A SODS 655 

600/1 ms 5.5 to 188 SM6T ... ,A SM6T ... C,A SODS 661 

1500/1 ms 5.5 to 188 SM15T ... , A SM15T ... C,A SOD15 667 
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SERIAL ACCESS EEPROM MEMORIES 

Serial access EEPROMs guarantee 1,000,000 Erase/Write cycle endurance. 
With SGS-THOMSON major advantage in EEPROM, 1,000,000 Erase/Write cycle endurance, combined 
with 3V to 5.5V voltage operation and memory protect features, the EEPROM has become the memory for 
reference data storage in many kinds of equipment. They are ideally suited for printers, telephone sets and 
all equipment requiring non-volatile set-up or temporary data storage. 

SGS-THOMSON's EEPROMs are suitable for use with 12C and MICROWIRE® serial bus interfaces. 

12C Serial Bus EEPROM Range 

Size Part Number Organisation Vee Range Feature Package DB 

1Kbit ST24C01BX 128 X 8 4.5 to 5.5V PDIP8 an 

ST24C01MX 128 X 8 4.5 to 5.5V PS08 an 

2Kbit ST24C02ABX 256 X 8 4.5 to 5.5V PDIP8 an 

ST24C02AMX 256 X 8 4.5 to 5.5V PS08 an 

4K bit ST24C04BX 512 X 8 4.5to 5.5V Write Protect PDIP8 an 

ST24C04CMX 512 X 8 3.0 to 5.5V Write Protect PSOB an 

ST24C04MLX 512 X 8 4.5 to 5.5V Write Protect PS014 an 

8Kbit ST24C08BX 1k X 8 4.5 to 5.5V Write Protect PDIP8 an 

16Kbit ST24C16BX 2k X 8 4.5to 5.5V Write Protect PDIP8 an 

Note: In the Part Number X means three temperature ranges: 1 = 0 to 70 oc, 6 = -40 to 85 oc, 3 = -40 to 125 oc. 

MICROWIRE Serial Bus EEPROM Range 

Size Part Number Organisation Vee Range Feature Package DB 

256 bit ST93C06BX 32x8 or 16x16 4.5 to 5.5V Dual Organisation PDIPB an 

ST93C06MX 32x8 or 16x16 4.5 to 5.5V Dual Organisation PS08 an 

1Kbit ST93C46ABX 128x8 or 64x16 4.5 to 5.5V Dual Organisation PDIP8 an 

ST93C46AMX 128x8 or 64x16 4.5 to 5.5V Dual Organisation PS08 an 

ST93C46TMX 128x8 or 64x16 4.5 to 5.5V goo Turn Pin Out PS08 an 

ST93CS46BX 64x 16 4.5 to 5.5V Write Protect PDIP8 an 

ST93CS46MX 64 X 16 4.5 to 5.5V Write Protect PS08 an 

2Kbit ST93C56BX 128x8 or 256x16 4.5 to 5.5V Dual Organisation PDIP8 an 

ST93C56MX 128x8 or 256x16 4.5 to 5.5V Dual Organisation PS08 an 

ST93CS56BX 128 X 16 4.5to5.5V Write Protect PDIP8 an 

ST93CS56MX 128 X 16 4.5to5.5V Write Protect PS08 an 

ST93CS56MLX 128 X 16 4.5 to 5.5V Write Protect PS014 an 

4Kbit ST93CS66BX 256 X 16 4.5 to 5.5V Write Protect PDIPB an 

ST93CS66MLX 256 X 16 4.5to5.5V Write Protect PS014 an 

Note: In the Part Number X means three temperature ranges· 1 = 0 to 70 oc, 6 = -40 to 85 oc, 3 = -40 to 125 oc. 
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CMOS UV EPROM 

Size Part Organi- Speed (ns} 
Number sation 80 100 120 150 200 250 

64K TS27C64A 8K x 8 • • 
M27C64A 8K x8 • • • 

128K M27C128A 16K x 8 ... • • • • • 
256K M27C256B 32K x 8 ... • • • • • 
256K M87C257 32K x 8 ... • • • 
512K M27C512 64K x8 ... • • • • • 
512K M27C516 32K x 16 • • • 
1M M27C1001 128K x 8 ... • • • • • 

M27V101 128K x 8 ... ... 
M27V101 128K x 8 ... 
M27C1000 128K x 8 ... ... 
M27C1024 64K x 16 ... • • 

2M M27C2001 256K x 8 ... • II • • • 
M27V201 256K x 8 ... ... 
M27V201 256K X 8 ... 

4M M27C4001 512K x 8 ... • • • • • 
M27V401 512K x 8 ... ... 
M27V401 512K x 8 ... 
M27C4002 256K x 16 • • • • • 

NMOS UV EPROM: A product range from 16K up to 512K dens1ty IS ava1lable 

Notes: 
• ~ Available 

FDIP 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

.& "" Speed available 1n Commerc1al Temperature ragne only. 

SELECTION GUIDE 

Package 
Feature DB 

JLCC LCCC 

an 

an 

an 

an 

Latched an 

an 

an 

• an 

• Vee 3.2V to 5V an 

• Vee 3V to 5.5V an 

ROM compatible an 

an 

• an 

• Vee 3.2V to5.5V an 

• Vee 3V to 5.5V an 

• an 

• Vee 3.2V to 5V an 

• Vee 3V to 5.5V an 

• an 

• ~ Speed available 1n Commercial and Automotive Temperature range. 
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OTPROMCMOS 

Size Part Organi- Speed (ns) 
Number sation 90 100 120 150 200 250 

256K ST27C256 32Kx8 • • 
M27C256B 32Kx8 .a. .a. • • • • 

256K M87C257 32Kx8 .a. • • II 

512K M27C512 64Kx8 .a. .a. • • • 
512K M27C516 32K X 16 • • 
1M M27C1001 128K x 8 .a. • • • 

M27C1000 128K x 8 .a. 

M27C1024 64Kx 16 .a. • II 

2M M27C2001 256K x 8 .a. • II • 
4M M27C4001 512K x 8 .a. • II II 

M27C4001 256K x 16 • II • 
Noles: 
• = Available 
& = Speed available 1n Commerc1al Temperature range only. 
• = Speed available in commercial and automot1ve Temperature range. 
UD = Under development 

FLASH MEMORIES 

Size Part Organisation 
Speed (ns) 

Number 100 120 150 200 

256K M28F256 32Kx8 .a. • • • 
256K M28F256A 32Kx8 .a. • II • 
512K M28F512 64Kx8 .a. • • II 

1M M28F101 128K X 8 .a. II II • 
1M M28F102 64K x 16 .a. • • • 

Noles: 
• = Available 
& = Speed available 1n Commercial Temperature range only. 
• = Speed available in Commercial and Automotive Temperature range. 
UD = Under development 
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Package 
Feature DB 

PDIP PLCC PSO PTSO 

• • an 

• • UD UD an 

• Latched an 

• • UD an 

• an 

• an 

• ROM compatible an 

• an 

• an 

• an 

• an 

Package 
Feature DB 

250 PDIP PLCC PSO 

• • an 

• • an 

• • an 

• • • an 

• • • an 
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DEDICATED MICROCONTROLLERS FOR AUTOMOTIVE 

SGS-THOMSON is supporting a wide range of automotive applications, including power train, car-body, 
instrumentation and car-radio, with its portfolio of 8-bit, 8/16 and 16-bit dedicated microcontrollers. These 
families are adapted to the requirements of the automotive environment, with a wide range of cost/perfor
mance tradeoffs. All MCUs interface directly to the SGS-THOMSON Automotive dedicated peripheral de
vices. 

Dedicated MCUs POSITIONING 

MID I HIGH-END APPLICATIONS 
REAL TIME TASKS 
CRITICAL TIMINGS 

HIGH-END APPLICATIONS 
CRITICAL REAL TIME TASKS 
100ns INSTRUCTION TIME 
RISC-LIKE EXECUTION TIMES 
TRUE 16 BIT WORLD 

ST10 INSTRUCTION TIME AROUND 0.51Js 
8 /16 BIT WORLD ST9 

.-----~~~:-=---.... 
APPLICATION SPECIFIC 
TRUE 8 BIT WORLD 
MID-RANGE APPLICATIONS 
INSTRUCTION TIME AROUND 11JS 
LIBRARY OF STANDARD BLOCKS 

MONO CHIP LOW-END APPLICATIONS 
TIMINGS NOT CRITICAL 

ST7 

INSTRUCTION TIME AROUND 61JS 
STANDARD & CUSTOM CELLS 

ST6 
4 I 8 BIT WORLD 

VR001744 

--~------------------------ ~~~~;~~~~:~~~ ----------------------------
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PRODUCT OVERVIEW 

In the field of micro-controllers, the combination of architectural innovation, advanced process technology 
and modular, macrocell-based design has given SGS-THOMSON a strong position. 

I 
The 8-bit ST62 products is particularly successful in low end, cost-sensitive applications, while the proprie-
tary 8/16-bit ST9 family offers real-time performance to Mid/High-end Systems. 

To cover the requirements of Medium-range applications, SGS-THOMSON is developping the ST7. 
Thanks to its industry-standard Core and its library of peripherals, the ST7 can easily be customized to full
fill the needs of systems such as Multiplexed Control Functions in Car-Body, as well as RDS Signal pro
cessing for car-radio. 

Already attracting great interest, the ST1 0 high-end 16-bit series, which will be available in 04, will feature 
a highly sophisticated register file-based, four-stage pipelined architecture and very fast RISC-Iike execu
tion (1 OOns instruction execution) and will include a version with on-chip flash memory. 

DEDICATED MCUs 
MAIN CORE FEATURES 

I ST61 ~ lsT91 
APPLICATION LOW END MID RANGE MID/HIGH RANGE 

ARCHITECTURE SERIAL 8 BIT PARALLEL 8 BIT PARALLEL 811 6 BIT 
Accumulator Accumula,tor Reg1ster File 

FEATURES 

ADDRESS SPACE 4K 64K 128K 

ROM/EPROM 16K (PAGES) 8K 32K 

RAM 512 BYTES 512 BYTES 1,2 KBYTES 

CLOCK SPEED (MAX) 8 MHZ 4 MHZ 12 MHZ 

INSTRUCTION SPEED 6.5us O.Sus O.Sus 

NUMBER OF INST. 42 72 89 

16 BIT INSTRUCTION NO NO YES 

MULTIPLY (8*8) NO YES (2.75us) YES (1.8us) 

DIVIDE (16:8) NO NO YES (2.3us) 

DMA NO NO YES 

INTERRUPT 8 VECTORS 8 VECTORS 128 VECTORS 

~ SCS-THOMSON --------------- ~""f/. [i;]~!::~@~~~!::V~@I'!~!::® 
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lsnol 
HIGH RANGE 

Full 16 BIT Parallel 
Reg1ster F1le 

4 Stages Pipe Line 

256K BYTES LINEAR 

32K 

1K BYTES 

20 MHZ 

0.1us 

>100 

YES 

YES (O.Sus- 16x16) 

YES (1 us - 32x16) 

YES 

Fast Context Switching 

VROOt745 
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ST6 

The ST6 is the entry point to SGS-THOMSON MCU world. Members of this family are tailored to allow an 
easy integration of the different electronic systems found inside a vehicle. 
The ST621 x/2x provides a flexible, cost effective solution to simple control requirements (window lift, cen
tral lock, mirror control. .. ). The on-chip AID converter enables intelligent feedback to an evolutive environ
ment by directly connecting eight to sixteen analog input channels of the MCU to sensors. The human 
interface can be handled by both a keyboard and LEOs without any external components, using the flexible 
software configuration and direct drive capabilities of the 1/0 ports. 
The ST624x includes a versatile LCD controller/driver capable of managing up to 4 x 45 Segments. It also 
features two Timer peripherals, each including an 8-bit counter with a 7-bit software programmable pres
caler, a Digital Watchdog Timer, an 8-bit AID converter with 12 analog inputs, a Power Supply Supervisor, 
and a synchronous Serial Peripheral Interface (SPI). 64 to 128 bytes of EEPROM is available, with over 
300K erase/write cycle endurance, for non-volatile data storage. 
The ST628x family has the same architecture as the ST624x family, but includes a Dot Matrix LCD Driver 
in place of the ST624x segment based LCD Driver. 
ST624x and ST628x are ideally suited for Dashboard, Climate Control and car-Radio applications. 
Thanks to its low power consumption, high noise immunity and low noise sensitivity, the ST6 family allows 
substantial savings in component count in cost sensitive automotive systems. 

ST621 0/15/20/25 BLOCK DIAGRAM 

TEST 

~ 
NMI 

~ 
DEVICE 

ROM AID 
1/0 

(Byte) (Channels) 

ST6210 2k 12 

ST6215 2k 16 20 

ST6220 4k 12 

ST6225 4k 16 20 

USER PROGRAM 

ROM 

1828 Bytes (1) 
3878 Bytes (21 

PC 

STACK LEVEL 1 
STACK lEVEL 2 

STACK LEVEL 3 

STACK LEVEL 4 

V00 Vss OSCm OSCout RESET 

fSAD-PA3 (20mA Sink) 
PA4·PA7 I Analog In • 

PBO.PB7 I Analog In 

PC4-PC71 Analog In • 

TIMER 

"NOT AVAILABLE ON ST6210 /20 

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

VROOI746 
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ST6240 BLOCK DIAGRAM 

TEST 

80 PIN PQFP 
NMI 

V00 VSS OSCIN OSCOUT VLCD 1/3 2/3 3/3 

PAQ-PA7/AIN 

PBO-PB31AIN 

PB411DmA SINK 
PB51SCU10mA SINK 
PBG/SINI10mA SINK 
PB7/SOUT/1 Om A SINK 

TIMER 

WDON 

PSS 

OSC321N 

OSC320UT 

54·548 (45 segments) 

VR001747 

ST624X LCD DRIVER FAMILY 

PRODUCT ST6245 ST6242 ST6240 ST6285/80 

DISPLAY 4x24 (Seg) 4x40 (Seg) 4x45 (Seg) 16x40 /16x48 (Dot) 

8x48 I 8x56 (Dot) 

ROM 4k 8k 8k 8k 

RAM+LCDRAM 128+12 128+24 192+24 192+96/192+128 

EEPROM 64 - 128 -/128 

8 BIT AID (Channel) 7 6 12 8/12 

TOTAL 110 11 10 16 12/22 

TIMERS 2xT1 T1 2xT1 T1/T1,T3 

WATCHDOG TIMER 1 1 1 1 

SPI 1 1 1 1 

32kHz Clock Yes Yes -/Yes 

PSS - - Yes -
PACKAGE QFP52 QFP64 QFP80 QFP80 /100 

VR001750 

-------------- L1i. ~~~;m~~':1:~~~~ 
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ST9 

The ST9 is a high performance 8-bit micro-controller with 16-bit instruction capabilities, optimized for real 
time tasks and high level language development. 

The common core has built-in Timer Watchdog functions for secure operations, Serial Peripheral Inter
faces adaptable to low-cost externaii2C-bus and Microwire-bus, and an external memory interface with full, 
expandable vectored interrupt and DMA facilities. 

Variations in the peripheral organization suit the different requirements of the middle to high end embedded 
applications. 

The library of peripherals includes a Multifunction Timer, with operating modes to cover almost all timing 
requirements, including the option of DMA to the timing constants and the triggering of other on-chip pe
ripherals such as the A/D Converter. 

The A/D converter, offering 8-bit resolution, features an automatic threshold sensing watchdog on two of 
its eight multiplexed input channels. Serial communication is handled by the Serial Communication Inter
face with fast asynchronous and byte synchronous capabilities, thanks to its Receive and Transmit DMA 
channels. 

The smallest member of the farnily, the ST902x offers 16K bytes of ROM and 256 bytes of RAM in addition 
to the 224 general purpose registers available as user RAM in the standard ST9 core. Thanks to its full 
feature DMA controller, powerful SPI and Interrupt Handler, 16-bit programmable Timer/Watch Dog ensur
ing system integrity, 16-bit Multifunction Timer with 8-bit prescaler and 12 operating modes allowing the 
easy generation or measurement of complex waveforms, and up to five 1/0 ports with programmable input 
threshold and output characteristics, the ST902x family provides the Automotive System Designer with the 
computation power of the ST9 at a particularly attractive price/performance ratio. 

ST9026 
PDIP48 

ST902X BLOCK DIAGRAM 

ST9027 
PDIP40 

16·811 TIMER I WATCHDOG + SPI 

CPU 

REGISTER BUS 

-------------- J::fi ~~~~~~v'::~~~ 

ST9028 
PLCC44 

VA001748 
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ST9040 BLOCK DIAGRAM 

ROM EEPROM RAM PRODUCT ALL PRODUCTS ARE PIN TO PIN COMPATIBLE 
(kByte) (Byte) (Byte) PQFPSO PLCC68 

8 ST9030 

0 12 ST9032 

16 256 ST9036 

16 512 256 ST9040 

For applications requiring an ND converter and additional Timing functions, SGS-THOMSON proposes a 
complete set of pin-to-pin compatible devices allowing the easy upgrade of system performance while 
avoiding complete hardware and software rework. 

Starting with the ST9030 and ST9032, with BK and 12K of ROM respectively and 224 bytes of RAM, the 
designer can enhance his application by plugging into the same socket, either an ST9036 with 16K ROM 
and an additional 256 bytes of RAM, or an ST9040 with 512 bytes of EEPROM for the storage of non vo
latile parameters, such as system in-site customization, driver's personalization ... 

ST9 microcontrollers are particularly well suited for car-body applications, such as Multiplexed networks, 
brush less motor control for Climate control, airbag ... They can be directly interfaced to the ST9560 VAN 
Data Link Controller. 

Thanks to its Multifunction Timer, ST9 can fully emulate J1850 Protocols while keeping the CPU available 
for Application Management. 

The ST9 also covers the requirements of Vehicle Control applications such as ABS, Active Suspension and 
Power Steering. Finally, the ST9 is ideally suited for high-end Car-radio. 

r== SliS·ntOMSON 
--------------- ... ""'//. il\J~U:~@~~~I:V~©!!~I:$ 
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SELECTION GUIDE 

ST10 

The ST1 0 is a high performance 16-bit RISC-Iike microcontroller with a CISC-Iike Instruction Set, offering 
a 1 DOns instruction cycle time at an internal clock speed of 20MHz. 
Thanks to its powerful Timer Systems and a 1 0 bit ND Converter, the ST1 0 suits the needs of High-end 
Engine Management Systems. 
The ST1 OF166 is the first member of the ST1 0 family, featuring 32K bytes of Flash EPROM and 1 K byte of 
RAM. 
Soon to be introduced are ROM and ROMLESS versions of this device. 

32 ST10F166 Internal 
FLASH EPROM VL---/--"\.1 

32KBytes 
16 CPU· CORE 

------------- lifi. ~~~m~:::~~~~ 

16 

Internal 
RAM 

1KBytes 

VR001613 
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SELECTION GUIDE 

THE CONCEPT OF SGS-THOMSON MICROCONTROLLERS 

All SGS-THOMSON microcontrollers are designed with a building block approach. 

CPU Cores are surrounded by a combination of on-chip peripherals available as macro-cells from a stand
ard library, which includes ROM, RAM, EPROM, EEPROM, FLASH EPROM, WATCHDOG TIMER, 
MULTIFUNCTION TIMER, AID CONVERTER, LCD DRIVER and 1/0 PORTS. 

Protocol Handlers for Multiplexed Network Systems are presently under development, to be used as stand
ard peripherals in future versions of ST7and ST9. 

The Cores, as well as the macro-cells, are fully characterized and fully qualified to meet the requirements 
of the Automotive Environment. 

SGS-THOMSON guarantees all its microcontrollers for the temperature range of -40"C to +85"C. For some 
specific applications, a higher limit such as+ 1 05"C or+ 125"C with adapted electrical specifications can be 
warranted. 

For each family of microcontrollers, SGS-THOMSON offers EPROM versions for development, OTP for 
pre-series, and ROM for full production. 

Development tools include Real-time emulators, software simulators, C Compilers (except for ST6), 
EPROM and GANG Programmers, and a Real Time Kernel for the ST9. 

Starter-Kits provide a low cost evaluation system for ST62 micro-controllers. 

TECHNICAL DOCUMENTATION 

All SGS-THOMSON microcontrollers have their datasheets provided individually or inside a databook. 
They are listed in the following pages. 

To be able to program microcontrollers, users need good reference material; 

Thus, a complete set of supporting literature is available, including Technical Manuals, Programming Ma
nuals, User Guides and Application notes. 



ST62XX Family 

Type Function 

ST6210 Gen. Purpose with AID Converter 
ST62E10 EPROM & OTP version 
ST6215 Gen. Purpose with A/D Converter 
ST62E15 EPROM & OTP version 
ST6220 Gen. Purpose with AID Converter 
ST62E20 EPROM & OTP version 
ST6225 Gen. Purpose with AID Converter 
ST62E25 EPROM & OTP version 
ST6240 Alphanum. LCD Driver, POFP80 
ST62E40 EPROM & OTP version 
ST6242 Alphanum. LCD Driver, PQFPBO 
ST62E42 EPROM & OTP version 
ST6245 Alphanum. LCD Driver, PQFP80 
ST6280 Dot Matrix LCD Driver, POFP1 00 
ST62E80 EPROM & OTP version 
ST6285 Dot Matrix LCD Driver, PQFP80 

ST6291/92 Low Voltage/Low Current Applications 
ST6293/94 Low Voltage/Low Current Applications 
ST62E93/94 EPROM & OTP version 

"' Included in to the ST624X LCD DISPLAY Data book for seen for 0193 

• Available datasheets only. 

SELECTION GUIDE 

DB Page 

ao -
ao -
ao -
ao -
ao -
ao -
ao -
ao -
... -.... -
... -
... -
... -
A -... -
A -

• -

• -
• -

--------------------------- ~~~~;~~=:~~ ---------------------------
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SELECTION GUIDE 

ST9Family 

Type Function DB Page 

ST9026/27/28 16KROM aq -
ST90E26/27/28 16KEPROM aq -
ST90R26 ROMLESS Version aq -
ST9030 8K ROM with AID Converter aq -
ST90R30 ROM LESS Version aq -
ST9032 12K ROM with AID Converter • -
ST9036 16K ROM with AID Converter aq -
ST9040 16K ROM with AID Converter and EEPROM aq -
ST90E40 16K EPROM with AID Converter and EEPROM aq -
ST90R40 ROMLESS Version aq -
ST90R50 ROM LESS with Bankswitch and AID Converter aq -

ST9560/61 Data Link Controller for Vehicule Array Network - 423 

• Available datasheets only 

ST10 Family 

Type Function DB Page 

ST10F166 256K FLASH Memory with AID Converter as -
ST10166 16K ROM with AID Converter as -
ST10R166 ROMLESS Version as -

--------------------------~~~~;~~~:~~ --------------------------
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L387A 

VERY LOW DROP 5V REGULATOR WITH RESET 

• PRECISE OUTPUT VOLTAGE (5 V ± 4 %) 
• VERY LOW DROPOUT VOLTAGE 
• OUTPUT CURRENT IN EXCESS OF 500mA 
• POWER-ON, POWER-OFF INFORMATION 

(RESET FUNCTION) 
• HIGH NOISE IMMUNITY ON RESET DELAY 

CAPACITOR 

DESCRIPTION 

The L387A is a very low drop voltage regulator in 
a Pentawatt® package specially designed to pro
vide stabilized 5V supplies in consumer and in
dustrial applications. Thanks to its very low 
input/output voltage drop this device is very use
ful in battery powered equipment, reducing con
sumption and prolonging battery life. A reset out
put makes the L387 A particularly suitable for 
microprocessor systems. This output provides a 
reset signal when power is applied (after im ex
ternal programmable delay) and goes low when 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, D.C. Input VoltaQe 

T, Tstg~ Junction and Storage Temperature Range 

APPLICATION CIRCUIT 

IlOOnF 4 L387 A 

Pentawatt® 

ORDERING NUMBER : L387 A 

power is removed, inhibiting the microprocessor. 
An hysteresis on reset delay capacitor raises the 
immunity to the ground noise. 

Value 

35 

-55 to 150 

,.., 

OUTPUT 
VOLTAGE 

U1 Kfi J!oofJF • 
RE ET 
OUTPUT 

Unit 

v 
oc 

5. 5898/1 

• Min 33 f!F and max. ESR,; 3 n over temperature range. 

October 1991 1/4 

35 

I 



L387A 

PIN CONNECTION (Top views) 

~II l~l ::~, .. ::;~~ 
(tab cfonected to pin 3) s- s3o1 

BLOCK DIAGRAM 

INPUT 
1Q---~----------------------------------~ 

THERMAL DATA 

2/4 
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RESET 
OUT UT 
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s- sa'' 
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L387A 

ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14.4 V, Ti = 25 oc, C0 = 100 JlF; 
unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage 10 = 5 mA to 500 mA T1 = 25 oc 4.80 5.00 5.20 v 
- 40 :;; T1 :;; 125 oc 4.75 5.00 5.25 

v, Operating Input (").Over Full T Range(- 40 to 125 °C) 26 v 
Voltage (see note") 

!No Line Regulation V, = 6 V to 26 V 10 = 5 mA 5 50 mV 

/',.Vo Load Regulation 10 = 5 mA to 500 mA 15 60 mV 

v,- V0 Dropout Voltage 10 = 350 mA 
Vo=VoNoM-100mV 

0.40 0.65 v 
lo = 500 mA 0.60 0.8 

lq Quiescent Current 10 = 0 mA 5 15 
lo = 150 mA 20 35 
10 = 350 mA 60 100 mA 
10 = 500 mA 100 160 

v, = 6.2 v lo = 500 mA 160 180 

/',.Vo Temperature -0.5 mV/°C 
/',.T Output Voltage Drift 

SVR 
Supply Voltage lo = 350 mA f =120Hz 60 dB 
Rejection C0 = 100 J.!F V,=12V±5Vpp 

lsc Output Short Circuit 1.2 1.6 A 
Current 

VR Reset Output IR =3 mA 1 <Vo <4.70V 0.5 v 
Voltage IR = 16 mA 1.5<Vo<4.70V 0.8 

Over Full T (- 40 oc:;; T1 :;; 125 °C) 

IR Reset Output V0 in Regulation VR = 5V 50 J.lA 
Leakage Current Over Full T Range 

td Delay Time for Cd=100nF 25 ms 
Reset Output Over Full T Range 

VRT (ofl) Vo @Reset out H to L Transition, Over 4.70 Vo v 
Full T Range -0.15 

lc• Charging Current v. =3 v 10 20 30 J.lA 
(current generator) 

VRT (on) Power on V0 @ Reset out L to H Transition , Over VRT (off) Vo v 
V0 Threshold Full T Range + 0.05 v -0.04 v 

v. Comparator V 4 @ Reset out H to L Transition 3.2 3.9 v 
Threshold 
(pin 4) v.@ Reset out L to H Transition -3.7 4.3 v 

VH Hysteresis Voltage Over Full T Range 450 mV 

n For a DC voltage 26 < Vi < 37 v the device IS not operating. 
( .. ) Design limits are guaranteed (but not 100 % production tested) over the indicated temperature and supply voltage ranges. 

These limits are not used to calculate outgoing qual1ty levels. 
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L387A 

Figure 1 : Dropout Voltage vs. Output Current. 

V1- V0 

(Vl 

0.6 

04 

0.2 
~ --

100 200 

G-5102 

/ 
/ 

/ 

300 400 

Figure 3 : Output Voltage vs. Temperature. 

s.2 1-+-H-t--H-+-H+-t-+-HH-+-t-t-+-1 

s.1 1-+-H-t--H-+-H+-+-+-HH--H-t-+-1 

4.8 1-+-H-t--H-+-H+-+-+-HH-+-t-t-+-1 
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Figure 2 : Quiescent Current vs. Output 
Current. 
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L482 

HALL-EFFECT PICKUP IGNITION CONTROLLER 

• DIRECT DRIVING OF THE EXTERNAL PO
WER DARLINGTON 

• COIL CURRENT CHARGING ANGLE (DWELL) 
CONTROL 

• COIL CURRENT PEAK VALUE LIMITATION 
• CONTINUOUS COIL CURRENT PROTECTION 
• CONDUCTION AND DESATURATION TIME 

OUTPUT SIGNALS 
• PERMANENT CONDUCTION PROTECTION 

RESET OUTPUT SIGNAL 
• OVERVOL TAGE PROTECTION FOR EXTER

NAL DARLINGTON 
• LOAD DUMP PROTECTION 

DESCRIPTION 

The L482 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sy
stems with hall-effect pickup sensors and high ener
gy ignition coils. 

It controls the energy stored in the ignition coil and 
the desaturation time of the external darlington to 
limit the power dissipation. 

PIN CONNECTIONS (top views) 

DIP16 

~ 
CHARGING ANGLE DRIVING STAGE 
PERIOD SIGNAL 

1 16 
OUTPUT 

HALL-EFFECT INPUT 2 15 OVERVOLTI\GE 
LIMITATION 

DWELL CONTROL 3 1' COLLECTOR DRIVER 

DWELL CONTROL ' 13 GROUND 
TIMER 

HALL SENSOR SUPPLY 5 12 POWER SUPPLY 

DESATURATION TIME 6 11 SIGNAL DUMP PROTECTION 

REFERENCE VOLTAGE 7 10 CURRENT SENSING 
INPUT 

PERMANENT CONDUCT. B 9~ PERMANENT 
PROTECTION TIMER CONDUCTION 

RESET OUTPUT 
S-7561 

November 1991 

DIP16 

S016 

ORDERING NUMBERS: L482 (DIP16) 
L482D1 (8016) 

The L482 is also particularly suitable for use as igni
tion control and driving stage in more sophisticated 
car electronic systems which employ microproces
sor circuits. 

S016J 

CHARGING ANGLE 
..---v--

DRIVING STAGE 1 16 PERIOD SIGNAL OUTPUT 

HALl.-EFFECT INPUT 2 15 OVERVOLTAGE 
LIMITATION 

DWELL CONTROL J 1' COLLECTOR DRIVER 

DWELL CONTROL 

' 13 GROUND TIMER 

HALL SENSOR SUPPLY 5 12 SIGNAL GROUND 

OESATURATION TIME 6 11 PIWER SUPPLY SIGNAL 

REFERENCE VOLTAGE 7 10 DUMP PROTECTION 

PERMANENT CONDUCT. 8 9 ~CURRENT SENSING PROTECTION TIMER 

S-7562 

1/8 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VR Reverse Battery Voltage -14 v 
Vo Dump Voltage (tn = 5ms, 11 = 100ms) 100 v 
Ptot Power Dissipation at T = goac S016 1.2 w 

DIP 0.65 w 
TJ, Tstg Junction and Storage Temperature -55 to 150 oc 

BLOCK DIAGRAM 

THERMAL DATA (DIP-16) 

Thermal Resistance Junction-ambient Max 90 

THERMAL DATA (S0-16) 

Max 50 

n Thermal resistance junct1on-aluminia with the device soldered on the middle of an alum1nia supporting substrate measunng 15 X 20mm; 
0.65mm thickness with infinite heatsink. 

2/8 
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L482 

PIN FUNCTIONS (refer to fig. 3 for DIP-16 package) 

No Name Function 

1 CONDUCTION A low level on this output signal indicates when the external darlington 
TIME SIGNAL is in the ON condition i.e. when the current flows through the coil (ton 

in fig. 1). 

2 HALL-EFFECT INPUT Hall-effect Pickup Input. A high level on this pin enables the current 
driving into te coil. The effective coil charge will be a function of the 
dwell control logic. A High to Low transition from the Hall-effect pickup 
is the signal for ignition actuation. The input signal, supplied by the 
open collector output stage of the Hall-effect sensor, has a duty cycle 
typically about 70%. 

3 DWELL CONTROL The average voltage on the capacitor C2 connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vc2 and Vc5 voltages determines the timing for 
the dwell control. The recommended value is 1 OOnF using a 1 OOKQ 
resistor at pin 7. For the optimized operation of the device, C2=C 5 . 

4 DWELL CONTROL TIMER The capacitor C5 connected between this pin and ground is charged 
when the Hall-effect output is high and is discharged at the High to 
Low transition of the Hall-effect signal. The recommended value is 
1 OOnF using a 1 OOKQ resistor at pin 7. 

5 HALL SENSOR SUPPLY This pin can be used to project the Hall-effect pickup against the 
voltage transients. The resistor Ra limits the currrent into the internal 
zener. 

6 DESATURATION TIME Open Collector Output Signal. This output is high when the external 
SIGNAL darlington is in desaturatiuon condition (current limitation), see td pulse 

in fig. 1. 

7 REFERENCE VOLTAGE A resistor R 11 connected between this pin and ground sets the internal 
current used to drive the external capacitors of the dwell control (C2 
and C5) and permanent conduction protection (C1 ). The recommendec 
value is 100KQ. 

8 PERMANENT CONDUCT. A capacitor C1 connected between this pin and ground determines 
PROTECTION TIMER the intervention delay of the permanent conduction protection, tpc of 

the figure 2. With a 1 ~F capacitor and 1 OOKQ resistor R 11 at pin 7 
the typical delay is 1 s. 

9 PERMANENT CONDUCT. A low pulse on this output detects the intervention of the permanent 
RESET OUTPUT conduction protection, as shown in figure 2. Typically the duration of 
(no available in the time t, is more than 1 OO~s. I 

Micropackage) (*) 

jQ CURRENT SENSING Connection for coil current limitation. The current is measured on the 
INPUT(*) sensing resistor Rs and divided on R1/R2 resistors. The current 

limitation value is given by : 
R1 + R2 

Is ENs = Vsens ~ 
s • 2 

11 DUMP PROTECTION (*) The device is protected against the load dump. In load dump condition 
an internal circuit, based on a zener diode and a darlinton transistor, 
switches off the external darlington and short circuits the supply. By 
means of the external divider R8/R9 the protection threshold can be 
changed and is given as first approximation by : 

Yoth = 8.5 • Ra + Rg + 5 • w-4 • Ra 
Rg 

(the resistor R8 value must be higher than 4KQ). 

12 POWER SUPPLY (*) Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor R7 limits the current through the Zener for high 
supply voltages. 

3/8 
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PIN FUNCTIONS (continued) 

No Name Function 

13 GROUND This pin must be connected to ground. 

14 DRIVER COLLECTOR The collector current of the internal driver which drives the external 
darlington is supplied through this pin. The external resistor Rto limits 
the dissipation in the I.C. The value of the resistor is a function of the 
darlington used and of the limiting current in the coil. 

15 OVERVOLTAGE The darlington is protected against overvoltage by means of an 
LIMITATION internal zener available at this pin. The external divider R5/Rs defines 

the limitation value, given as first approximation by : 

Vovp = ( ~~ + 5 • 1 o-3 ) • Rs + 30 

16 DRIVING STAGE Current driver for the external darlington. To ensure stability and 
OUTPUT precision ofT de sat Ca and Ra must be used. Recommended value 

for R3 is 2KQ in order not to change the open loop gain of the system. 
Rc may be added to C3 to obtain greater flexibility in various 
application situations. 
Ca and Rc values ranges are 1 to 1 OOnF and 5 to 30KQ depending on 
the external darlington type. 

(") These pins refer only to the DIP package type. 
For the SO 16 version the permanent conduction reset output signal is not available and the pin 9 becomes the current sensing input. Pin 10 
replaces the pin 11 function, pin 11 becomes the power supply input and pin 12 is used as the signal ground. 

ELECTRICAL CHARACTERISTICS (Vs = 14 V, - 40°C ~ Tj ~ 125°C referred to application circuit of 
figure 3 regarding DIP-16 package version) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operating Supply Voltage 6 28 v 
Is Supply Current V12 =4.5V 25 mA 

Vz Zener Voltage (pin 12) lz =SOmA 6.5 8.8 v 
V1 Sensor Input (pin 2) 

LOW Voltage 0.5 v 
HIGH 2.5 v 

h Sensor Input Current (pin 2) V1= LOW -12 -1 mA 
Vs=6to 16V 

VHz Hall-cell Supply Zener Voltage 1Hz= 10mA 19 22 25 v 
(pin5) 

1Hz Hall-cell Supply Zener Current t=10ms 100 mA 
(pin5) TAMB = 25°C 

VeE sat Series Darlington Driver Sat. 10 = 70mA 0.6 v 
(V14-Vts) Voltage 10 = 150mA 0.4 1.0 v 

VsENS Current Limit. Sensing Voltage Vs = 6to 16V 200 400 mV 
(pintO) 

lao C2 Discharge Current Vs = 6 to 16V 0.2 3.4 !!A 
lac C2 Charge Current (*)Note 1 5 20 !!A 

lac/lao 6 35 

Vovz External Darlington Overvoltage lovz = 5mA to 15mA 25 30 35 v 
Protection Zener Voltage TAMB = 25°C 

v7 Reference Voltage 2.5 3.5 v 
td Desaturation Time f =40Hz Vs = 14V 0.6 1.2 1.57 ms 

4/8 
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ELECTRICAL CHARACTERISTICS (Continued) 

Symbol Parameter Test Conditions Min. Typ. 

tpc Permanent Conduction V1= H 1 3 
Protection Time (pin 8) (see fig. C1 = 1JlF 
2) 

v, Charging Angle Output Voltage 
LOW lsiNK = 0 

lsiNK = 1mA 
HIGH lsouACE = 1.5mA 3 

lsouRCE = 2.5mA 5 

Vs Desat. Time Output Low Is (smk) = 0.5mA 
Voltage 

lsL Desat. Time Leakage Current Vs = 5V 
(pin6) 

lgL Permanent Conduction Reset Vg= 5V 
Leakage Current (pin9) 

APPLICATION INFORMATION 

Figure 1 : Main Waveforms. 

U -'11-M-ALI_N_W_A_U_E_F_..O-RM-S+-----'---1----L----
US HALL EFFECT 

INPUT 

u 

u 

UC5 
,------~~~·--.---~--~---r---~-J1UC2 

DWELL 
CONTROL 

I I 
I 
I 

n 
OVERVOLTAGE 

LIMIT 

ARC 
VOLTAGE 

I 
I 
I 

[ 
I 
I 

n 

IC 

t 

COIL 
CURRENT 

t 

Ut CONDUCTION 
TIME SIGNAL 

UCE 

EXTERNAL 
DARLINGTON 

L482 

Max. Unit 

5 s 

0.5 v 
1.2 v 

v 
v 

0.7 v 

10.5 JlA 

10.5 JlA 

I 
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Figure 2 Low Frequency Condition and Permanent Conduction Protection. 

H 

L 

Vrs 
H 

L 

T 

Figure 3: Application circuit (DIP-16). 
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HALL SENSOR 
SUPPLY 

HALL SENSOR 
INPUT 

CONDUCTION 
TIME OUTPUT 

OESATURATION 
TIME OUTPUT 

PERMANENT 
CONDUCTION 
PROTECTION OUTPUT 

*WITH INTERNAL PROTECTION ZENER 

<lpc lpc 

15~~-----{==~-----t--~ 

BU931R 
(BU930ZI 

* 

S-7565/t 

Rsense 
70mJt 



Figure 4 : Application Circuit (S0-16). 

HALL SENSOR 
SUPPlY 

HALL SENSOR 
INPUT 

CONDUCTION 
TIME OUTPUT 

DESATURATION 
TIME OUTPUT 

R11 
1ooKn 

*WITH INTERNAL PROTECTION ZENER 

CIRCUIT OPERATION 

1\ 

L46201 

10 

The L482 control the conduction time (dwell) and the 
peak value of the primary current in the coil over the 
full range of operating conditions. 

The coil current is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 

The dwell control circuit maintains the output stage 
in its active region during current limitation. The time 
the output stage is in the active region (desaturation 
time) is sufficient to compensate for possible varia
tions in the nergy stored due to the acceleration of 
the motor ; moreover this time is limited to avoid ex
cessive power dissipation. 

CONTROL OF THE DWELL ANGLE (fig. 1 and 4) 

The dwell angle control circuit calculates the con
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristic of the coil. 

On the negative edge of the Hall-effect input signal 
the capacitor C2 begins discharging with a constant 
current bo. When the set peak value of the coil cur
rent is reached, this capacitor charges with a con
stant current be = 13.3 x l3o and the coil current is 

L482 

14 

kept constant by desaturating the driver stage and 
the external darlington. 

The capacitor Cs starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current l4c. 

The dwell angle, and consequently the starting point 
of the coil current production, is decided by the com
parison between Vc2 and Vcs. A positive hysteresis 
is added to the dwell comparator to avoid spurious 
effects and Cs is rapidly discharged on the negative 
edge of Hall-effects input signal. 

In this way the average voltage on C2 increases if 
the motor speed decreases and viceversa in order 
to maintain constant the ratio~ at any motor speed. 

T 

td is kept constant (and not d = cost) to control the 
power dissipation and to have sufficient time to 
avoid low energy sparks during acceleration. 

The charging time D - td depends on the coil and 
the voltage supply. 

DESATURATION TIMES IN STATIC CONDITION
S.In static conditions, if C2 = Cs as recommended 
and if the values of the application circuit of fig. 3, 4 
are used. 

td 

T 1 + 13c/13o 
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L482 

DESATURATION TIMES IN LOW AND HIGH FRE
QUENCY OPERATION. Due to the upper limit of the 
voltage range of pin 3, if the components of fig. 3, 4 
are used, below 1OHz (300RPM for a 4 cylinder en
gine) the OFF time reaches its maximum value 
(about 50ms) and then the circuit gradually loses the 
control of the dwell angle because D = T- 50ms 

Over 200Hz (6000RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 

If the used coil is 6mH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 

TRANSIENT RESPONSE. The ignition system 
must deliver constant energy even during the con
dition of acceleration and deceleration of the motor 
below 80Hz/s. These conditions can be simulated 
by means of a signal generator with a linearly mo
dulated frequency between 1Hz and 200Hz (this 
corresponds to a change between 30 and 6000RPM 
for a 4 cylinders engine. 

CURRENT LIMIT. The current in the coil is monito
red by measuring the lsense current flowing in the 
sensing resistor Rs on the emitter of the external dar
lington. lsense is given by : 

lsense = lcoil + 116 
When the voltage drop across Rs reaches the inter
nal comparator threshold value the feedback loop is 
activated and lsense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con
dition: 

I sense = lco1l 
When a precise peak coil current is required Rs must 
be trimmed or an auxiliary resistor divider (R1, R2) 
added: 

lcpeak (A) 
VSENS 

Rs 

PROTECTION CIRCUIT 

+ 1) 

PERMANENT CONDUCTION PROTECTION 

The battery voltage is applied to ignition module by 
means of the ignition key. In these conditions, with 
the motor stopped, it is necessary that there is no 
permanent conduction in the ignition coil irrespecti
ve of the polarity of the input signal. 

The L482 incorporates a timing circuit to implement 
this protection ; the duration of the intervention is set 
by means of a capacitor C1 at pin 8 = 1 J.LF, and 
R11 = 1 OOkQ, when the input signal is high for more 
than 1 s, the coil current gradually decreases down 
to zero to avoid spurious sparks (see fig. 2). 

This timing allows normal operation of the module 
above 30RPM. 
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DARLINGTON OVERVOL TAGE LIMITATION 

The darlington is protected against overvoltage by 
means of an external divider Rs/R5 (pin 15) and an 
internal zener. This zener drives the external darlin
gton in order to limit the collector voltage. 

REVERSE BATTERY PRTOTECTION. Due to the 
presence of external impedance at pin 5, 1 0, 11, 14, 
15, L482 is protected against reverse battery volt
age. 

DUMP PROTECTION. 

The load dump protection withstands up to 1 OOV 
with a decay time :s; 300ms. The intervention thre
shold for load dump is fixed by means of an external 
divider connected to pin 11 (DIP-16 package ver
sion) or to pin 10 using a Micropackage type. 

NEGATIVE SPIKE PROTECTION. If correct opera
tion is requested also during short negative spikes, 
the diode DS and capacitor Cs must be used. 

USE OF THE IC ELECTRONIC ADVANCE SY
STEM 

When the device is digitally controlled the control 
unit transmits a suitable input signal to the power 
module, receiving in tum information that allows the 
control of the dwell and the on time of the final tran
sistor. 

For this reason L482 provides the following outputs : 

" a time signal equal to the time in which the final 
· Darlington is in the active region i.e. when the coil 

current is limited (Vds) as shown in figure 1. This 
signal must be TTL compatible. 

• a TTL compatible output from the timing circuit 
(Vrs in figure 2). This pulse, available only using 
the DIP-16 package version is present after the 
protection against cranking transients. 

• a time signal equal to the time in which the final 
Darlington, is in "on" condition (Von) i.e. when the 
current flows through the coil, see fig. 1. 

OTHER APPLICATION INFORMATION 

If the supply voltage is disconnected - or the battery 
wire is broken- while the current is flowing through 
the coil, the external diode D1 keeps the coil current 
from recirculating into the device : in this way both 
device and darlington are protected. 
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MAGNETIC PICKUP IGNITION CONTROLLER 

• DIRECT DRIVING OF THE EXTERNAL DAR
LINGTON 

• OPERATES WITH A WIDE RANGE OF MA-
GNETIC PICKUP TYPES 

• CHARGING ANGLE (DWELL) CONTROL 
• COIL CURRENT PEAK LIMITATION 
• CONTINUOUS COIL CURRENT PROTECTION 
• TACHOMETER SIGNAL OUTPUT 
• EXTERNAL DARLINGTON OVERVOLTAGE 

PROTECTION 
• LOAD DUMP AND REVERSE BATTERY PRO

TECTION 
• POSSIBILITY OF SPARK POINT DELAYING 

(ANTI KNOCK SYSTEM) 

DESCRIPTION 
The L484 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sy
stems with magnetic pickup sensors and high ener
gy ignition coils. 

A key feature of the L484 is flexibility. It can be used 
with a wide variety of magnetic sensors thanks to the 

BLOCK DIAGRAM 

November 1991 

special design which has two input pins from the pic
kup ; the first is the zero crossing detector for the ig
nition command and the second pin is used to cal
culate the dwell time. Moreover another pin is used 
to adapt the L484 to various pickup types. 

Other features of the device include darlington over
voltage protection, dump protection, a supply volt
age range of 6-28 V. 

DIP16 5016 

ORDERING NUMBERS : L484 (DIP16) 
L48401 (8016) 

1/9 

47 

I 



L484 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VR Reverse Battery Voltage -14 v 
Yo Dump Voltage 100 v 
Ptot Power Dissipation at T amb = 90°C 0.75 w 

T1, Tstg Junction and Storage Temperature Range -55 to 150 oc 

PIN CONNECTION 

CURRENT SENSING ( 1 16 ~ DRIVING STAGE 
OUTPUT 

PICKUP INPUT ( 2 15 ~ OVERVOL T AGE 
LIMITATION 

PERMANENT 
CONDUCTION TIMER ( 3 14 ~DRIVER COLLECTOR 

INPUT 

PERMANENT ( 4 13 ~ POWER GROUND 
CONDUCTION INHIBIT 

RPM OUTPUT ( 5 12 ~ DUMP PROTECTION 

DWELL TIME ADJUST I 6 11 ~ POWER SUPPLV 

DWELL TIMER I 1 10 ~ SIGNAL GROUND 

ZERO CROSSING INPUT I 6 9 ]POWER-ON INPUT 

S-75541 

THERMAL DATA (DIP-16) 

I Rth i·amb I Thermal Resistance Junction-ambient Max 80 

THERMAL DATA (S0-16) 

Thermal Resistance Junction-alumina Max 50 
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PIN FUNCTIONS (refer to fig. 2) 

No Name Function 

1 CURRENT SENSING Connection for Coil Current Limitation. The current is measured on the 
INPUT sense resistor RsENS and divided on R1/R2. The current limitation 

value is given by : 
R1 + R2 

lsENS = R R2 SENS 

2 PICKUP INPUT Magnetic Pickup Signal Input. This pin sets the dwell time, i.e. the max 
negative pickup voltage value starting from which the device can drive 
the current into the coil. The real dwell time will be a function of the 
dwell control logic. Increasing the resistor R11 the maximum 
conduction time increases. The max input current foreseen is 2mA. 

3 PERMANENT CONDUCT. A capacitor C1 connected between this pin and ground sets the delay 
PROTECTION TIMER of the permanent conduction protection in the coil current. Using a 

50nF capacitor the typical desaturation time delay for the protection is 
75ms. 

4 PERMANENT CONDUCT. A low level on this input (max 0.7V) disables the protection, irrespective 
PROTECTION INHIBIT of the state of pin 3. If the protection is used this pin must be left open. 

5 RPM OUTPUT Open collector output signal which is at a low level when the final 
darlington is in ON status. The current is internally limited at 1Om A. 

6 DWELL TIME ADJUST At high motor rotation speeds, i.e. when the peak value of the 
magnetic pick-up signal exceedes 6V using R 12 = 1 OOKQ, this pin may 
be used to vary the dwell ratio. Adding a resistor in series Ra between 
this pin and pin 11 the desaturation time is reduced. It is therefore 
possible to use this pin to adapt the L484 to various pickup types. The 
maximum value of the resistor Ra is 200KQ. 

7 DWELL CONTROL TIMER A capacitor C2 connected between this pin and ground sets the timing 
for the dwell control. The recommended value is 1 OOnF. The 
resistors Rb/Rc provide an hysteresis to confirm ON state and avoid 
spurious sparks. 

8 ZERO CROSSING INPUT Zero cross detector input of the magnetic pickup signal for the ignition 
actuation. At high motor rotation speeds, the external resistor R12 may 
be used to vary the desaturation time ratio, to adapt the L484 to 
various signal waveforms of time magnetic pick-up. Reducing the 
resistor value the dwell time increases. Typically the range of values 
for resistor R12 is from SOKQ to 150KQ. 

9 POWER-ON INPUT A low level on this pin forces the external darlington into conduction 
particularly useful in anti knock system. This function is particularly 
useful in antiknock system because provides a spark time delay. 
Anyway the current limitation, the permanent conduction protection and 
the dump protection are operating even when pin 9 is at a low level. If 
this function is not used it must be left open. 

10 SIGNAL GROUND This pin must be connected to ground. 

11 POWER SUPPLY Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor R9 limits the current through the zener for higher 
supply voltages. 

• this function is particularly useful1n antiknock systeme because provides a spark t1me delay. anyway the current l1m1tat10n, the pemanent con 
duct1on protection and the dump protection are operating even when pm 9 is at a low level. 
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PIN FUNCTIONS (continued) 

No Name Function 

12 DUMP PROTECTION The device is protected against the load dump. In load dump condition 
an internal circuit, based on a zener diode and a darlington transistor, 
switches off the external darlington and short circuits the supply. 
By means of the external divider R8/R9 the protection threshold can be 
changed and is given as first approximation by : 

Voth = 8.5 ( RBR+g R9) + 5 • 10 -4 RB 

(the resistor R9 value must be higher than 4KQ). 

13 POWER GROUND This pin must be connected to ground. 

14 DRIVER COLLECTOR The collector current for the internal driver which drives the external 
INPUT darlington is supplied through this pin. The external resistor R10 limits 

the dissipation in the IC. The value this resistor depends on the 
darlington used and on the limiting current in the coil. 

15 OVERVOLTAGE The external darlington is protected against overvoltage by means of 
LIMITATION an internal zener available at this pin. The external divider R5/R6 

defines the limitation value, typically given by : 

Vovp = ( ~~ + 5 • 10-3 ) • R 6 + 30 

16 DRIVING STAGE Current Driver for the External Darlington. To ensure stability on the 
OUTPUT current limitation loop a capacitor C3 (typically 2.2nF, this value 

depending on the darlington used) must be connected between this pin 
and the current sensing input (pin 1). 
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ELECTRICAL CHARACTERISTICS (Vs = 14.4V; TJ =- 40 to 125°C unless otherwise specified; 
referred to the test circuit) 

Symbol Parameter Test Conditions Milt Typ. t"ax. Unit 

Vs Operating Supply Voltage 6 28 v 
V1s Input Stage Voltage (pin 2 with 160 200 240 mV 

1 OKQ resistor) 

VrH On Pick-up Thresh. Voltage at LOW RPM • V,s-30 Vts+30 mV 
(pin 2) 

VsENS Current Limitation Sensing Voltage (pin 1) Vs = 6 to 16V 200 320 mV 

Vzc Zero Crossing Thresh. Voltage (pin 8) 3 20 65 mV 

VH Hysteresis Voltage (pin 8) 100 200 mV 

l7c Co WELL Charge Current at LOW RPM 0.7 3 J.!A" 

I?D Co WELL Discharge Current Vp,ck-up = 0.5V ; 7 30 JlA 
or pin 6 not connected 

l7o/l7c (*) Note 1 7 15 

i?c Co WELL Charge Current at HIGH RPM 8 33 JlA 

l7o Co wELL Discharge Current Vp,ck·up·= 9V 13 44 JlA 

l?oil?c (")Note 2 0.7 3.2 

Vp,n3 Threshold Voltage T amb = 25°C 0.85 4 v 
13 Output Current ("**) Note 3 3 JlA 

Vcp Continuous Coil Current Protection Inhibit 0 0.7 ' v 
LOW Voltage (pin 4). 

VcEsat Series Darlington Driver lpm14 = 150mA . 0.4 1 v 
Saturation Voltage (Vpm 14 .1 6 ) lpm14 =SOmA 0.6 v 

Vz Zener Volt. Pin 11 lpm11 = 140mA. 6.5 8.8 v 
Vovz External Darlington Overvoltage T amb = 25oC ; 25 35 v 

Protection Zener Voltage lpm15 = 5 to 15mA 

log Pin 9 Output Current in Low Status Vg = OV 3 mA 

VcH Tachometer Signal Output LOW Voltage. ON Condition 0.7 v 
(pin 5) lsmk = 0.5mA 

lcH Output Leakage (pin 5) OFF Condition 10 JlA 
Vpms = 5V 
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DUMP PROTECTION 

Paramater Test Conditions 

Zener Dump (pin 12) 1pm12 =2mA 

(') Note 1 :TOrr is g1ven by the formula : 
TD 1 

T 1 + 17D/17C 

(") Note2: 
TD K 

T 1 + 17D/17C 

K value depends on the pick-<Jp used in the application ; typically K = 0.1 
('") Note 3 :the permanent conduction protection is guaranteed over the full temperature range 

CIRCUIT OPERATION 

The L484 controls the charging angle (dwell) and 
the peak value of the primary current in the coil over 
the full range of operating conditions. 

The coil cur~ent is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 

The dwell control circuit keeps the output stage in its 
active region during current limitation. The time the 
output stage is operating in the active region (de
saturation time), is sufficient to compensate for 
possible variation in the energy stored due to the ac
celeration of the motor; moreover this time is limited 
to avoid excessive power dissipation. 

MAGNETIC PICK-UP CHARACTERISTICS 

The typical magnetic pickup waveforms are shown 
in fig. 1, the amplitude of the signal being a function 
of the frequency. However on the market there are 
many types of magnetic pickup, of which the wave
forms may differ very much. Adjusting the value of 
the resistor Rtt on pin 2 and/or adding a resistor Ra 
between the pin 6 (dwell adjust) and pin 11, as 
shown in the application circuit, it is possible to adapt 
the L484 to a wide range of magnetic pickup wave
forms. 

Particularly by means of the resistor R11 on pin 2 it 
is possible to define the maximum advance of the 
conduction start into the coil . This is very useful at 
high pick-up frequency. 
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CONTROL OF THE DWELL ANGLE 

The dwell angle control circuit defines the conduc
tion time of the output darlington, versus the speed 
of rotation, the supply voltage and the charac
teristics of the coil. 

In each cycle the time the transistor operates in the 
active region is compared with a reference time and 
the error signal amplified to advance or delay the 
conduction in the next cycle. To limit the power dissi
pation the desaturation time is typically fixed 
to 10% of the period T. 

At very low frequencies the ON thershold is fixed at 
200mV of the input signal and the desaturation time 
is mainly determined by the peak waveform. This 
positive threshold also prevents permanent conduc
tion when the motor is stopped. When the input fre
quency increases the dwell control gradually sets 
the desaturation time to 10% of the period. At higher 
frequencies the ON threshold becomes negative to 
permit a conduction angle of more than 50% always 
keeping desaturation time to 10% of the period. 

CURRENT LIMITING 

The current in the coil is measured by means of a 
voltage drop across a suitable resistor in the emitter 
lead of the power transistor. When the threshold 
voltage (260mV typ) is reached, the coil current is 
kept constant via a feedback loop. 



DARLINGTON OVERVOLTAGE LIMITATION 

The darlington is protected against overvoltage by 
means of an external divider Rs/Rs (pin 15) and an 
internal zener. This zener drives the external dar
lington in order to limit the collector voltage. 

CHARGING ANGLE SIGNAL OUTPUT 

This signal is intended for tachometer applications 
(pin 5). It consists of an open collector stage with 
current internally limited at 1 OmA 

PROTECTION CIRCUITS 

PERMANENT CONDUCTION PROTECTION 

This function is intended to prevent continuous cur
rent conduction in the final stage when the magnetic 
pickup is open or intermittent. The duration of the in
tervention is set by means of a capacitor 1 at pin 3. 
Grounding pins 3 or 4, this protection is eliminated. 
The inhibit function at pin 4 is particularly useful 
when an external logic control is used to disable the 
permanent conduction protection. 

REVERSE BATIERY AND DUMP PROTECTION 

Due to the external resistors Rs, R7, Rs, R1 o the de
vice is protected against reverse battery. The load 
dump protection withstands up to 1 OOV with a decay 
time s; 300ms. The intervention threshold for load 

L484 

"POWER ON" SIGNAL INPUT 

In the low status this input forces the external dar
lington into conduction (pin 9). This control input can 
be used together with the conduction time informa
tion coming from pin 5 to bypass the normal dwell 
time calculation. When an external logic control is 
used to recognize particular engine condition (as in 
anti Knock system). 

dump is fixed by means of an external divider con
nected to pin 11 . 

OTHER APPLICATION INFORMATION 
If the supply is voltage disconnected- or the battery 
wire is broken- while the current is flowing through 
the coil, the external diode D1 keeps the coil current 
from recirculating into the device : in this way both 
device and darlington are protected. 
The zener diode Dz, connected between pin 14 and 
GN D, allows to withstand positive spikes up to 200V. 
The device - used in the recommended application 
circuit - satisfies the ISO/DP 7637/1 overvoltage 
standard. 

Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at low and high 
fequency. 

Pick-up 
signal 

Ic 

S-7555 
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Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at Low and High Frequency 
(continued). 
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Figure 2 Application Circuit. 
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L497 

HALL EFFECT PICKUP IGNITION CONTROLLER 

• DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

• COIL CURRENT CHARGING ANGLE (dwell) 
CONTROL 

• PROGRAMME COIL CURRENT PEAK LIMITA
TION 

• PROGRAMMABLE DWELL RECOVERY TIME 
WHEN 94% NOMINAL CURRENT NOT 
REACHED 

• RPM OUTPUT 
• PERMANENT CONDUCTION PROTECTION 
• OVERVOL TAGE PROTECTION FOR EXTER

NAL DARLINGTON 
• INTERNALSUPPLYZENER 
• REVERSE BATIERY PROTECTION 

DESCRIPTION 
The L497 is an integrated electronic ignition control
ler for breakerless ignition systems using Hall effect 
sensors. 

BLOCK DIAGRAM 

DIP16 8016 

ORDERING NUMBERS: L497B (DIP16) 
L497D1 (8016) 

The device drives an NPN external darlington to 
control the coil current providing the required stored 
energy with low dissipation. 

A special feature of the L497 is the programmable 
time for the recovery of the correct dwell ratio tdiT 
when the coil peak current fails to reach 94% of the 
nominal value. In this way only one spark may have 
an energy less than 94% of the nominal one during 
fast acceleration or cold starts. 

Cl'i!VEA 
RPtol COLLECTOR 

November 1991 

HALL 
EffECT 
INPUT 

DWELL 
CONTROL 

'"' ZENER 

POWER SUPPL'I' OUTPUT INPUT 

MAX C.NO SIGNAL 
TIM£ GNO 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

13 D.C. Supply current 200 
Transient Supply Current (It fall time constant = 100ms) BOO 

v3 Supply Voltage Int. Limited to Vz3 

Vs RPM Voltage 

116 D.C. Driver Collector Current 
Pulse" " (t :5 3ms) 

V1s Driver Collector Voltage 

V1s D.C. Overvoltage Zener Current 
Pulse" "!tall= 3001's, 
lreo Repetition Time ;;,: 3ms 

VR Reverse Battery Voltage if Application Circuit of Fig. 4 is 
used 

Tl' Tstg Junction and Storage Temperature Range 

Ptot Power Dissipation 
at T aluminia = gooc for S0-16 

Tamb = 90°C.for DIP-16 

PIN CONNECTION (top view) 

GND d 

SIGNAL GNO 2[ 

POWER SUPPLY 3[ 

N.C. 4[ 
HALL EFFECT s( 
INPUT 

RPM OUTPUT s[ 

AUX ZENER 7[ 

RECOVERY TIME a( 

5·8165 

THERMAL DATA 

Thermal Resistance Junction-ambient for DIP-16 
Thermal Resistance Junction-alumina for S0-16 

DRIVER 
t6 COLLECTOR 

INPUT 

OVERVOLT. 
15 LIMIT 

DRIVER 
14 EMITTER 

OUTPUT 

13 CURRENT 
SENSING 

12 BIAS CURRENT 

11 

10 

) DWELL 
CONTROL 

MAX 
CONDUCTION 

Max 
Max 

TIME 

28 

300 
600 

28 

15 
35 

-16 

-55 to 150 

1.2 
0.65 

90 
50 

Unit 

rnA 
rnA 

v 

rnA 
rnA 

v 

rnA 
rnA 

v 

oc 

w 
w 

(') Thermal resistance JUnction-aluminia with the device soldered on the middle of an aluminia supporting substrate mesuring 
15 x 20 ; 0.65mm thickness. 
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PIN FUNCTIONS (refer to fig. 4) 

No Name Function 

1 GND This pin must be connected to ground. 

2 SIGNAL GND This pin must be connected to ground. 

3 POWER SUPPLY Supply Voltage Input. An internal 7.5V (typ. value) zener limits the 
voltage at this pin. The external resistor R5 limits the current through 
the zener for high supply voltages. 

4 N.C. This pin must be connected to ground or left open. 

5 HALL-EFFECT INPUT Hall-effect Pickup Signal Input. This input is the dwell control circuit 
output in order to enable the current driving into the coil. The spark 
occurs at the high-to-low transition of the hall-effect pickup signal. 
Furthermore this input signal enables the slow recovery and 
permanent conduction protection circuits. The input signal, supplied by 
the open collector output stage of the Hall effect sensor, has a duty 
cycle typically about 70%. Vs is internally clamped to V3 and ground by 
diodes. 

6 RPM OUTPUT Open collector output which is at a low level when current flows in the 
ignition coil. For high voltages protection of this output, connection to 
the pin 7 zener is recommended. 
In this situation Ra must limit the zener current, too, and R1 limits pin 6 
current if RPM module pad is accidentally connected to Vs. 

7 AUX. ZENER A 21V (typ) General Purpose Zener. Its current must be limited by an 
external resistor. 

8 RECOVERY TIME A capacitor connected between this pin and ground sets the slope of 
the dwell time variation as it rises from zero to the correct value. This 
occurs after the detection of lcoll ~ 94% I nom. just before the low 
transition of the hall-effect signal pulse. 
The duration of the slow recovery is given by : 

tsrc = 12,9 R7 Csrc (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and Csrc is the delay 
capacitor at pin 8 (in ~F). 

9 MAX CONDUCTION TIME A capacitor connected between this pin and ground determines the 
intervention delay of the permanent conduction protection. After this 
delay time the coil current is slowly reduced to zero. 
Delay Time T P is given by : 

Tp =16 Cp R7 (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and Cp is the delay I 
capacitor at pin 9 (in ~F). 

10 DWELL CONTROL TIMER The capacitor CT connected between this pin and ground is charged 
when the Hall effect output is High and is discharged at the High to 
Low transition of the Hall effect signal. 
The recommended value is 1 OOnF using a 62KQ resistor at pin 12. 

11 DWELL CONTROL The average voltage on the capacitor Cw connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vcw and VeT voltage determines the timing for 
the dwell control. For the optimized operation of the device CT = Cw ; 
the recommended value is 100nF using a 62kQ resistor at pin 12. · 

12 BIAS CURRENT A resistor connected between this pin and ground sets the internal 
current used to drive the external capacitors of the dwell control 
(pin 1 o and 11), permanent conduction protection (pin 9) and slow 
recovery time (pin 8). The recommended value is 62KQ. 
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PIN FUNCTIONS (continued) 

No Name Function 

13 CURRENT SENSING Connection for the Coil Current Limitation. The current is measured on 
the sensing resitor Rs and divided on R1 0 /R 11 resistors. The current 
limitation value is given by : 

lsens = 0.32 • 
R1o + R11 

Rs • R11 

14 DRIVER EMITTER Current Driver for the External Darlington. To ensure stability and 
OUTPUT precision ofT de sat Cc and Rg must be used. Recommended value 

foi R9 is 2 KQ in order not to change the open loop gain of the 
system. 
Rc may be added to Cc to obtain greater flexibility in various 
application situations. 
Cc and Rc values ranges are 1 to 1 OOnF and 5 to 30KQ depending on 
the external darlington type. 

15 OVERVOLTAGE LIMIT The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R3/R2 defines the limitation value given by : 

22.5 -3 
Vovp = ( J'l; + 5.10 ) R2 + 22.5 

16 DRIVER COLLECTOR The collector current of the internal driver which drives the external 
INPUT darlington is supplied through this pin. Then the external resistor R6 

limits the maximum current supplied to the base of the external 
darlington. 
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ELECTRICAL CHARACTERISTICS (Vs = 14.4V, -40°C ~ T1 ~ 125°C unless otherwise specified} 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

v3 Min Op. Voltage 3.5 v 

13 Supply Current v3 = 6V 5 18 25 mA 
V3= 4V 7 16 mA 

Vs Supply VoltaQe 28 v 

VZ3 Supply ClampinQ Zener Voltage iZ3 = 70mA 6.6 7.5 8.2 v 

Vs Input Voltage Low Status 0.6 v 
High Status 2.5 v 

Is Input Current Vs= LOW -400 -50 flA 
V1s-14 Darlington Driver Sat. Current h4 = 50mA 0.5 v 

h4= 180mA 0.9 v 

VsENS Current Limit. Sensing Voltage Vs=6to16V 260 320 370 mV 

h1c Cw Charge Current Vs = 5.3 to 16V -11.0 -9.3 -7.8 llA 
V11 = o.sv 
T = 10 to 33ms 

I11D CW Charge Current Vs = 5.3 to 16V 0.5 0.7 1.0 J.lA 
V11 = o.sv 
T= 10to33ms 

l11c I hw VS = 5.3 to 16V 7.8 22.0 
v11 = o.sv 
T = 10 to 33ms 
See note 1 

lsRC Percentage of Output Current 90 94 98.5 % 
I sENSE Determining the Slow Recovery 

Control Start (fig. 2), note 2 

TsRc Durat1on of Altered t&T Ratio after CsRc = 1J.lF 0.8 s 
SRC Function Start (fig. 2) R7=62KQ 

Vz1s External Darlington over Voltage hs= 5mA 19 22.5 26 v 
Protection Zener Voltage l1s= 2mA 18 21.5 25 v 

Tp Permanent Conduction Time Vs =High 0.4 u 1.8 s 
Cp = 1J.!F 
R7=62KQ 

VssAT RPM Output Saturation Voltage Is= 18.5mA 0.5 v 
ls=25mA 0.9 v 

Is leak RPM Output Leakage Current Vs = 20V 50 _f!A I 
Vv Auxiliary Zener Voltage 1?=200mA 18 27 v 

V12 Reference Voltage 1.20 1.25 1.35 v 

Notes: 1. tdn desaturat1on rat1o is given by: 
!Q_ 1 
T - 1 + l,c I l,o 
2. lsENsE = lcotL when the external Darlington 1s 1n the act1ve region 
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APPLICATION INFORMATION 

Figure 1 : Main Waveforms. 
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DWELL ANGLE CONTROL 

The dwell angle control circuit calculates the con
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristics of the coil. 

On the negative edge of the Hall-effect input signal 
the capacitor Cw begins discharging with a constant 
current i11 o. When the set peak value of the coil cur
rent is reached, this capacitor charges with a con
stant current i11c = 13.3 x 11m. and the coil current 
is kept constant by desaturathing the driven stage 
and the external darlington. 

The capacitor Cr starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current hoc. The dwell angle, and consequently the 
starting point of the coil current conduction, is de
cided by the comparison between V10 and V11. 

A positive hysteresis is added to the dwell compara
tor to avoid spurious effects and Cr is rapidly dis
charged on the negative edge of Hall-effects input 
signal. 

In this way the average voltage on Cw increases if 
the motor speed decreases and viceversa in order 
to maintain constant the ratio ld at any motor speed. 

T 
td is kept constant (and not D = cost) to control the 
T T 
power dissipation and to have sufficient time to 
avoid low energy sparks during acceleration. 

DESATURATION TIMES IN STATIC 
CONDITIONS 

In static conditions, if Cr = Cw as recommended and 
if the values of the application circuit of fig. 4 are 
used, 

td 

T 1 + i11Cii11D 

DESATURATION TIMES IN LOW AND HIGH 
FREQUENCY OPERATION 

Due to the upper limit of the voltage range of pin 11, 
if the components of fig. 4 are used, below 10Hz 
(300 RPM for a 4 cylinder engine) the OFF time 
reaches its maximum value (about 50ms) and then 
the circuit gradually loses control of the dwell angle 
because D = T- 50ms. 

Over 200Hz (6000 RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 

If the used coil is 6mH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 

L497 

TRANSIENT RESPONSE 

The ignition system must deliver constant energy 
even during the condition of acceleration and de
celeration of the motor below 80Hz/s. These condi
tions can be simulated by means of, a signal 
gene-rator with a linearly modulated frequency be
tween 1Hz and 200Hz (this corresponds to a 
change bet-ween 30 and 6000 RPM for a 4 cylin
ders engine). 

CURRENT LIMIT 

The current in the coil is monitored by measuring 
the lsense current flowing in the sensing resistor Rs 
on the emitter of the external darlington. lsense is 
given by: 

lsense = lcoil + l14 

When the voltage drop across Rs reaches the inter
nal comparator threshold value the feedback loop is 
activated and lsense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con
dition: 

lsense = lcoil 

When a precise peak coil current is required Rs must 
be trimmed or an auxiliary resistor divider (R10, R11) 
added: 

lcpeak (A)= O.~~o . ( :~~ + 1) 

SLOW RECOVERY CONTROL (fig. 2) 

If lsense has not reached 94% of the nominal value 
just before the negative edge of the Hall-effect input 
signal, the capacitor Csrc and Cw are quicKly dis
charged. 

These capacitors remain discharged as long as the 
pick-up signal is "low". At the next positive transition 
of the input signal the load current starts immediate
ly, producing the maximum achievable T desat ; then 
the voltage on CsRc increases linearly until the 
standby value is reached. During this recovery time 
the CsRc voltage is converted into a current which, 
subtrated from the charging current of the dwell ca
pacitor, produces a Tdesat modulation. This means 
that the Tdesat decreases slowly until its value 
reaches, after a time TsRc, the nominal?% value. 

The time TsRc is given by: 
Trsc = 12,9 R7 CsRc (ms) 

where R7 is the biasing resistor at pin 12 (in KQ) and 
Csrc the capacitor at pin 8 (in ).!F). 
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Figure 2 : SRC : lcoil Failure and Time Dependence of Active Region. 

HJ : Input signal 
lc : Coil current 

*CORRESPONDENT lo MAX 
ACHIEVABLE ToN 

Figure 3 : Permanent Conduction Protection. 

HJU u 
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VcM :Voltage on capacitor CsRc 
Dsr : Percentage of imposed desaturation time. 

ss 
~0'1./ .[}-( Tp 

5~816812 



PERMANENT CONDUCTION PROTECTION 
(fig. 3) 

The permanent conduction protection circuit moni
tors the input period, charging Cp with a constant 
current when the sensor signal is high and discharg
ing it when the sensor signal is low. If the input re
mains high for a time longer than T p the voltage 
across Cp reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A slow de-

OTHER APPLICATION NOTES 

DUMP PROTECTION 
Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 4 
DZ2 protects the driver stage, the connection be
tween pin 6 and 7 protects the output transistor of 
pin 6. Moreover DZ 1 protects both the power supply 
input (pin 3) and Hall-effect sensor. 

Resistor R4 is necessary to limit DZ1 current during 
load dump. 

OVERVOLTAGE LIMITATION 

The external darlington collector voltage is sensed 
by the voltage divider R2, R3. The voltage limitation 
increases rising R2 or decreasing R3. 
Due to the active circuit used, an Ro Co series net
work is mandatory for stability during the high vol
tage condition. 

L497 

crease is necessary to avoid undesired sparks. 
When the input signal goes low again Cp is swiftly 
discharged and the current control loop operates 
normally. 
The delay time Tp is given by: 

Tp (sec)= 18 Cp R7 
Where R7 is the biasing resistor on pin 12 (in KQ) 
and Cp the delay capacitor at pin 9 (in IJ.F). 

Ro Co values depend on the darlington used in the 
application. 

Moreover the resistor R13 is suggested to limit the 
overvoltage even when supply voltage is discon
nected during the high voltage condition. 

REVERSE BATIERY PROTECTION 

Due to the presence of external impedance at pin 6, 
3, 16, 15, L497 is protected against reverse battery 
voltage. 

NEGATIVE SPIKE PROTECTION 

If correct operation is requested also during short 
negative spikes, the diode Ds and capacitorCs must 
be used. 
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Figure 4 : Application Circuit. 
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L530 

ELECTRONIC IGNITION INTERFACE 

• DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

• SEPARATE INTERFACE FOR HALL EFFECT 
OR INDUCTIVE SENSOR 

• SEPARATE OPEN COLLECTOR BOOSTER 
• COIL CURRENT PEAK VALUE LIMITER 
• SIGNAL TO 11P WHEN 85% AND FULL NOMI

NAL COIL CURRENT ARE REACHED 
• CONTINUOUS COIL CURRENT PROTECTION 
• EXTERNAL DARLINGTON OVERVOL TAGE 

PROTECTION 

DESCRIPTION 
The L530 is an integrated circuit designed for use 
with an NPN darlington in microprocessor controller 
ignition systems. 

Primarily it acts as an independent controller for the 
current in the high voltage spark coil. 

Charging of the coil is enabled under control of the 
micro. The device generates a feedback signal for 
the micro when a fixed percentage and the full nomi
nal current into the coil are reached. 

BLOCK DIAGRAM 

May 1989 

DIP 16 S0-16 

ORDER CODES : L530 
L530 01 

If the enable coil current input signal is active for 
more than a programmable time, the coil current is 
switched off slowly to protect the coil and avoid spu
rious pulses. 

The L530 also contains a pulse shaper for the posi
tion sensor (both hall effect or magnetic) and an 
open collector booster which may be used, for 
example, for the RPM output. 

S-758211 
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L530 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Max. Supply Voltage (pin 16) 

VA Reverse Battery Voltage 

Ptot Power Dissipation at T = eooc 
T1, Tstg Junction and Storage Temperature 

PIN CONNECTION (top view) 

GROUND I 1 

LOGICAL SUPPLY I 2 VOLTAGE 

SEPARATE I 3 BOOSTER INPUT 

IGNITION INPUT I 4 

BOOSTER DRIVER I 
OUTPUT 5 

PICKUP INPUT I 6 
INTERFACE 

PICKUP INPUT 7 
INTERFACE 

PERMANENT I 8 CONDUCTION 
TIMER 

THERMAL DATA 

Value 

24 

-16 

1.2 

-55 to 150 

DRIVER 

16 ] 
COLLECTOR 

INPUT 

15 1 OVERVOLTAGE 
LIMIT 

11, 1 DRIVING EMITTER 
OUTPUT 

13 CURRENT 
SENSING 

] 
FEEDBACK 

12 CURRENT 
OUTPUT 

11 REFERENCE 
VOLTAGE 

10 PICKUP INPUT 
INTERFACE 

9 PICKUP OUTPUT 

S-758312 

Max 
Max 

50 
80 

Unit 

v 
v 
w 
oc 

(') Thermal resistance junction·pins With the middle of an alumina supporting substrate measuring 15x20mm; 0.65mm thickness and infinite 
heathsink. 
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L530 

ELECTRICAL CHARACTERISTICS (V8 = 14.4V,- 40°C::; TJ::; 125°C unless otherwise specified; 
referred to the application circuit of fig. 2) 

Symbol Parameter Test Conditons Min. Typ. Max. Unit 
Vs Operating Supply Voltage 4.5 5.5 v 

(pin 2) 

Is Operating Supply Current Vs = 5V, V4H 8 13 18 mA 
(pin 2) 

Vz (") Internal Zener Voltage (pin 2) Is =SOmA 6 7.5 9 v 

13 Input Current (pin 3) v3 =2V 0 230 llA 
VREF Reference Voltage at pin 11 1, =- 20J.LA 1.18 1.23 1.35 v 

VL3 Input Low Voltage (pin 3) 0.4 v 

VH3 Input High Voltage (pin 3) 2.0 v 

VL4 Input Low VoltaQe (pin 4) 0.4 v 

VH4 Input High Voltage (pin 4) 2.0 v 

VsENS Current Limit. Sensing Voltage 210 260 310 mV 
(pin 13) 

VeE sat Series Darlington Driver Sat. lo = 50mA 0.5 v 
Voltage jpin 16-14). lo = 180mA 1.0 v 

PoN Percentage of Coil Current 75 85 90 % 
Determining the Feedback ON 
(pin 12). 

VovP Overvoltage Protect. Zener lovP = 7mA 21 25 30 v 
Voltage (pin 15) 

Tpc Permanent Conduction 0.25 0.35 0.5 sec. 
Protection Time ( .. ) 

VFL Feedback Ouptut Sat. Voltage Vpon • = H 1.0 v 
(pin 12) loon 12 = 5mA 

IL t 2 Leakage Current (pin 12) Vs =5V 10 llA 
VzRPM RPM Output Int. Zener Voltage lz =20mA 19 29 v 

(pin 5) 

VsATRPM RPM Output Sat. Voltage I RPM= 10mA 0.5 v 
(pin 5) I RPM = 20mA 1.0 v 

Vos Comparator Inputs Offset ±15 mV 
Voltage (pins 6, 7, 1 0) 

I etAS Comparator Inputs Bias -50 -300 mA 
Current 

los Comparator Inputs Offset ± 20 ± 100 nA 
Current 

CMR Common Mode RanQe 0 Vs- 1.6 v 

VPF Pulse Former Output Low Vpon 6- Vpon 7 > 10mV 0.8 v 
Voltage (pin 9) Vo,n 6 = Voon tO 

ILs Pulse Former Output Leakage Vpon 7- Vpon 6 > 10mV 20 llA 
Current Vpon 6 = Vpon 10 

Voons=5V 

14 Output Current (pin 7) -650 -380 - 180 !lA 
IL5 Leakage Current (pin 5) Vs = 16V 22 llA 

.. 
(') This parameter measurement must be considered if the IC is not directly supplied by 5V voltage regulator. In this case a suuted external re· 

sister must be used to limit pin 2 current. 
('') See Fig.4. 
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L530 

PIN FUNCTIONS (refer to fig. 2) 

No Name 

1 GROUND 

2 SUPPLY VOLTAGE 

3 BOOSTER 
INPUT SIGNAL 

4 IGNITION INPUT SIGNAL 

5 BOOSTER DRIVER 
OUTPUT 

6-7 PICKUP INPUT 
INTERFACE 

8 PERMANENT 
CONDUCT. TIMER 

9 PICKUP OUTPUT 

10 PICKUP INPUT 
INTERFACE 

11 REFERENCE VOLTAGE 

12 FEEDBACK CURRENT 
OUTPUT 

13 CURRENT SENSING 

14 DRIVER EMITTER 
OUTPUT 

4/8 
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Function 

This pin must be connected to ground. 

5V Supply input. 

Input signal to separate booster stage. This drive circuit may be 
used, for example, for the RPM output signal of the micro. 

When this pin is kept low the external darlington is switched on and 
the current flows through the coil for all the time the input is low, 
being active the internal current limitation. 

Open collector output signal of the separate booster circuit. The 
phase is the same as the input command at pin 3. 

Together with pin 10, these inputs realize a separate interface stage 
for both hall effect or magnetic sensor. Pin 6 is the non-inverting 
input of the internal comparator which sets, the internal flip-flop. Pin 
7 is connected both to the inverting input of the comparator setting 
the latch and the non-inverting input of the second internal 
comparator which resets the flip·flop. See fig. 4. 

A capacitor C1 connected between this pin and ground sets the 
delay of the permanent conduction protection in the coil current. The 
typical delay time value T PC is given by : 
Tpc = 17 C1 R1o 
Where R1 o is the biasing resistor at pin 11 (in kn) and C1 is the 
delay capacitor at pin 8 (in i!F). 

Open collector output from the internal flip-flop of the interface circuit 
for the sensor. This memory is set by the comparator connected to 
pin 6 and 7 and it is reset by the second comparator connected to 
pin 7 and 10. The output is a negative logic. See fig. 4. 

Inverting input of the second comparator which resets the internal 
flip·flop of the sensor interface circuit. See pin 6 and 7 Description. 

A resistor R1 o connected between this pin and ground sets the 
current used for the internal references and to drive the external 
capacitor of the permanent conduction protection. The 
recommended value is 62kn. 

Open collector output that indicates to micro when the 85% (typ) 
and the full current flows through the coil. As shown in the fig. 3, this 
signal goes high when the fixed percentage is reached and goes low 
when the full programmed coil current is detected. 

Connection for coil current limitation. The current is measured on the 
sense resistor Rsense and divided on R1/R2. The current limitation 
value is given by : 

Is ENs = 0.26 R1 + R2 

Rsens R2 

Current driver for the external darlington. To enswe stability and 
precision of T desa1 Ca and R3 must be used. Recommended value 
for R3 is 2kn in order not to change the open loop gain of the 
system. 
Ra may be added to Ca to obtain greater flexibility in various 
application situations. 
Ca and Ra values ranges are 1 to 100nf and 5 to 30kQ depending 
on the external darlington type. 

~ SGS·THOMSON 
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L530 

PIN FUNCTIONS (refer to fig. 2) (continued) 

No Name Function 

15 OVERVOLTAGE LIMIT The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R4/Rs defines the limitation value given as first 
approximation by : 

Vovp = ( 22.5 
Rs 

+ 7•10.3) R4 + 22.5 

16 DIRVER COLLECTOR The collector current of the internal driver which drives the external 
INPUT darlington is supplied through this pin. The maximum current 

supplied through this pin. Then the external resistor R6 limits the 
maximum current supplied to the base of the external darlington. 

CIRCUIT OPERATION 
As shown in the fig.1, the L530 is particularly suit
able for use with a microprocessor as an electronic 
ignition interface, driving the current through the coil 
by means of an external darlington. 

The device takes the ignition input signal (pin 4) from 
the microprocessor to drive the darlington, and the 
output active for all the time in which the input is low. 

The ignition input signal (active Low) coming from 
the microprocessor switches on the device output 
stage driving the external darlington. 

The peak value of the primary current flowing into 
the coil is limited to a predetermined level by means 
of a negative feedback circuit including a current 
sensing resistor, a comparator, the driver stage and 
the power switch. 

An output signal, High when the current flowing into 

Figure 1 :Typical System Configuration. 

the coil has reached 85% of the final value and Low 
when the full nominal current has been reached is 
available at pin 12. This signal is used by the micro
processor to control the dwell time. As shown in the 
fig. 3 three cases are possible. 

In the first case the current limitation is reached ; 
then, when the input command goes high (spark 
command) the feedback to microprocessor has al
ready gone low. 

In the second case the full current is not reached 
(very high speed/acceleration or very low battery 
voltage). Then the output signal goes low together 
with the spark command. 

In the last case a feedback pulse is not present; this 
means that the 85% of the programmed current is 
not reached. 
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L530 

Figure 2 : Application Circuit. 
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Figure 3 : Typical Operation Waveforms. 

CURRENT LIMIT 

INPUT 
PIN 4 

FULL CURRENT 

85'1. 

FEEDBACK 
OUTPUT 
PIN11 

The current in the coil is monitored by measuring 
the lsense current flowing in the sensing resistor 
Rsense on the emitter of the external darlington. lsense 
is given by: 

lsense = lco11 +h4 
When the voltage drop across Rsense reaches the 
internal comparator threshold value the feedback 
loop is activated and lsense kept constant (fig. 3) fore-

5-7516 

ing the external darlington in the active region. In 
this condition : 

lsense = lcoil 
When a precise peak coil current is required Rsense 
must be trimmed or an auxiliary resistor divider (R1, 
R2)added: 

lcpeak (A)= 
Vsense 
Rsense 

6/8 ~ SGS·THOMSON 6.., I illilDit:mi!MWIII@OOOICS 
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PERMANENT CONDUCTION PROTECTION 
(fig.4) 

The permanent conduction protection circuit moni
tors the input period, charging C1 with a constant 
current when the sensor signal is Low and discharg
ing it when the sensor signal is High. If the input re
mains Low for a time longer than Tpc the voltage 
across C1 reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A low de
crease is necessary to avoid undesired sparks. 
When the input signal goes High again C1 is swiftly 
discharged and the current control loop operates 
normally. 

The typical delay time value Tpc is given by: 
TPc (ms) = 17 C1 R1o 

Where R10 is the biasing resistor on pin 11 (in 
K ohm) and C1 the delay capacitor at pin 8 (in uF). 

Figure4 : Permanent Conduction Protection Tim 

INPUT 
PIN 4 

in g. 

:-·~'P::.._' --~ 

OTHER APPLICATION NOTES 

DUMP PROTECTION 

Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 2 
DZ2 protects the driver stage. 

OVERVOL TAGE LIMITATION 

The external darlington collector voltage is sensed 
by the voltage divider R4, R5. The voltage limitation 
increases rising R4 or decreasing R5. 

Due to the active circuit used, an Ro Co series net
work is mandatory for stability during the high volt
age condition. 

L530 

Ro Co values depend on the darlington used in the 
application. 

Moreover the resistor R13 is suggested to limit the 
overvoltage even when supply voltage is discon~ 
nected during the high voltage condition. 

REVERSE BATTERY PROTECTION 

Due to the presence of external impedance at pin 5, 
16, 15 L530 is protected against reverse battery volt
age. 

NEGATIVE SPIKE PROTECTION 

If correct operation is requested also during short 
negative spikes, the diode D1 and capacitor C2 must 
be used. 

SENSOR INTERFACE 

The device contains a separate pulse shaper for the 
sensor. As shown in fig. 5, this circuit is made by two 
comparators and flip-flop. 

The internal flip-flop is set by the first comparator 
and reset by the second one. In this way it is possi
ble to interface both the Hall effect and the magne
tic pick-up sensor. Fig. 6 shows a typical solution 
that implements an input comparator with hystere
sis able to detect the zero crossing during the input's 
negative edge (fig. 7). A small positive theshold gua
rantees the correct switch-on at low RPM. 

Three pins allow the use of this interface in a wide 
range of configurations and, thanks to internal mem
ory, it is possible to obtain a behaviour with hys
teresis in order to have a good noise immunity. 

Figure 5 : Interface for Hall Effect or Inductive Sen 
sor. 

S-7587 
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L530 

BOOSTER OUTPUT 
An independent booster output is also included in 
the L530 to permit a separate driving stage from the 
microprocessor (typically employed for RPM output 
signal). 

Figure 6 : Input Comparator with Hysteresis. 

Us-5U 

RO 

UA 1-----c:=J---.---D~---l 

RE 

UB 1-------c:r,---Q.=..----j 

RF 

NB!JL53B-B1 
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The open collector output is protected with an inter
nal zener diode that allows the connection a unsta
bilized voltage by means of a limiting resistor. 

Figure 7 : Zero Crossing Detection. 

LOW RPM HIGH RPM 

I 
I 
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L584 

MULTIFUNCTION INJECTION INTERFACE 

• DRIVES ONE OR TWO EXTERNAL DAR
LINGTONS 

• DUAL AND SINGLE LEVEL CURRENT CON
TROL 

• SWITCHMODE CURRENT REGULATION 
• ADJUSTABLE HIGH LEVEL CURRENT DUR-

ATION 
• WIDE SUPPLY RANGE (4.75- 46V) 
• TTL-COMPATIBLE LOGIC INPUTS 
• THERMAL PROTECTION 
• DUMP PROTECTION 

DESCRIPTION 

The L584 is designed to drive injector solenoids 
in electronic fuel injection systems and generally 
inductive loads for automotive applications. The 
device is controlled by two logic inputs and fea
tures switchmode regulation of the load current 
driving an external darlington and an auxiliary one 
for the current recirculation. A key feature of the 
L584 is flexibility. It can be used with a variety of 
darlingtons to match the requirements of the load 
and it allows both simple and two level current 

BLOCK DIAGRAM 

DIP16 (12+2+2) 

ORDERING NUMBER: L584 

control. Moreover, the drive waveshape can be 
adjusted by external components. Other features 
of the device include dump protection, thermal 
shutdown, a supply vol-tage range of 4.75 - 46V 
and TIL-compatible inputs. The L584 is supplied 
in a 16 lead Powerdip package which uses the 
four center pins to conduct heat to the PC board 
copper. 

r---~----------~t-----------~--D~ 
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L584 

PIN CONNECTION 

DUMP [ 
PROTECTION 1 16 h 
HOLDING 

[ 2 CURRENT 15 
CONTROL 

SENSING [ 3 14 

GND 4 13 

GND 5 12 

PEAK 
CURRENT 6 11 
TIMER 

TIME 7 10 
CONSTANT 

PNP B 9 OUTPUT 

s- 6831 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v. DC Supply Voltage (pin 1 open) 
Positive Transient Voltage 
(pin 1 connected to Vs, tt fall time constant= 100ms) 
(5ms $ tnse $ 10ms, Rsource ~ 0.5Q) 

v, Input Voltage (pins 10, 11) 

v, External Reference Voltage (pin 2) 

Vsens Sense Voltage (pin 3) 

Va Max D. C. and Transient Voltage 

I, Reference Current (pin 9) 

Tstg. T, Storage and Junction Temperature Range 

THERMAL DATA 

• Obtained with the GND p1ns soldered to pnnted CirCUit With mimm1zed copper area. 
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INTERNAL 
CLAMPING 

NPN 
OUTPUT 

SUPPLY 
VOLTAGE 

GND 

GND 

INH'BIT 

INPUT 

REFERENCE 
VOLTAGE 

Max 
Max 

Value 

- 0.2V min ; + 50V MAX 

+ 60V MAX 

- 0.2V min ; + 7V MAX 

- 0.2V min ; + 7V MAX 

- 0.2V min ; + 7V MAX 

50V 

5mA MAX 

-55 to 150°C 

15 
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L584 

PIN FUNCTIONS 

No Name Functions 

1 Dump Protection With pin 1 connected to pin 14 the device is protected against dump 
voltage ~ 60V. The protection operates at V s ~ 32V (typ.). If this protection 
is not used the pin must be left open. 

2 Holding Current Control The voltage V set applied to this pin sets the holding current level. 

3 Sensing Connection for load current sense resistor. Value sets the peak and 
holding current levels. lp = 0.45/Rs (typ.) ; lh = V5 etiR 5 • 

(see block diagram and fig. 4). 

4 Ground Ground Connection. With pins 5, 12 and 13 conducts heat to pc board 
copper. 

5 Ground See pin 4. 

6 Peak Current Timer A capacitor connected between this pin and ground sets the duration of 
the high level current {1 2 in fig. 4). 
If left open, the switchmode control of the peak is suppressed. If grounded, 
the current does not fall to the holding level. 

7 Discharge Time Constant A capacitor connected between this pin and ground sets the duration of 
lott (fig. 4). If grounded, the current switchmode control is suppressed. 

8 PNP Driving Output Current sink for external PNP darlington (lor recirculation). ldp = 35 I, (typ.). 

9 Reference Voltage A reststor connected between this pin and ground sets the internal current 
reference, 1,. The recommended value is 1.2kQ, giving I,= 1 mA (typ.). 

10 Input TTL-compatible Input. A high level on this pin activates the output, driving 
the load. 

11 Inhibit TTL-compatible Inhibit Input. A high level on this input disables the output 
stages and logic circuitry, irrespective of the state of pin 10. 

12 & 13 Ground See Pin 4 

14 Supply Voltage Supply Voltage Input 

15 NPN Driving Output Current Source for External NPN Darlington (load driver). ldn = 100 lr (typ.) 

16 Internal Clamping Internal Clamp Zener for Fast Turnoff 

I 
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L584 

ELECTRICAL CHARACTERISTICS (Vs (pin 14) = 14.4 V;- 40 5 Tj 5 105 oc; Rret = 1.20 kQ unless 
otherwise noted ; refer to fig. 1) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vs Operatinq Supply Voltaqe Pin 1 Open 4.75 44 v 

vd Dump Protection Threshold Pin 1 = v. 28 36 v 

Rd Dump Protection Input Pin 1 to GND 18 50 kQ 
Resistance 

lq Quiescent Current Pin 14 45 mA 

Vt Input Threshold Voltages Pin 10 & 11 Low 0.8 v 
Hiqh 2.0 v 

h Input Current Pin 10 & 11 Low -100 JlA 
High -250 J.IA 

v, Reference Voltage Pin 9 1.15 1.35 v 

R, Reference Resistor Range Pin 9to GND 1 3.3 kQ 
lr=V,/R, 

Is Peak Duration Control Current Pin 6 1,/9.50 
I 

1,/6.00 A 
V01n6 < 1.8V 

Vsth Peak Duration Control Pin 6 1.20 1.60 v 
Comparator Threshold 

VssAT Pin 6 Saturation Voltage Pin 6 200 mV 
(discharge state) 

I? Off Duration Control Current Pin 7 (lr mln)/9.50 I (lr MAx)/6.00 A 
Vo,n? ~ 1.8V 

V?th Off Duration Control Pin 7 1.20 1.60 v 
Comparator Threshold 

V?SAT Pin 7 Saturation Voltage Pin 7 200 mV 
(discharge state) 

Vsot Peak Current Threshold Voltage Pin 3 400 500 mV 

Vset Holding Current Set Voltage Pin 2 0 2 v 
Range 

Vset Holding Current Threshold Pin 3, Peak Value, Vset- Vset + v 
Voltage dV/dt ~ 1V/s 0.01 0.01 

13 Pin 3 Bias Current V0,n 3 = 600mV -200 JlA 

Vet Recirculation Zener Clamping Pin 16 to Pin 15@ 13.5 18.5 v 
Voltaqe 200J1A into Pin 16 

ldn NPN Driver Source Current Vmn15 = OV 70 X I, I 140 x lr A 

I do PNP Driver Sink Current Vp,n s > 4.75V 25 xI, I 60 X lr A 

4/11 -------------- L.,, ~~~~m~::i!~:: --------------
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APPLICATION INFORMATION 
Controlled by a logic input and an inhibit input (both 
TIL compatible), the device drives the external dar
lington(s) to produce a load current waveform as 
shown in figure 4. This basic waveform shows that 
the device produces an initial high level current in 
order to ensure a fast opening, followed by a hold
ing level current as long as the input is active. Both 
the peak and holding current are regulated by the 
L584's switchmode circuitry. 

L584 

The duration of the high level current and the values 
of the peak and the holding currents can be adjusted 
by external components. 

Moreover, by omitting C1 , C2 or both it is possible 
to realize single-level current control, a transitory 
peak followed by a regulated holding current or a 
simple peak (figure 1 ). 

The peak and holding current values are always 

Figure 1 : Components Connected to Pins 6 and 7 Determine the Load Current Waveshape. 

COMPONENTS ON PINS 6 AND 7 LOAD CURRENT WAVEFORM 

s -6007 

S-6005 

H cz 
5-6006/1 I 

':.-6003 

0 
s-soo9 
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L584 

referred, in the following formula, to IE, emitter cur
rent of the external darlington 02, 

IE = ILOAD + ldn 
because the sensing detection is on the darlington 
emitter (not directly on the load). 
The peak current level lp, is set by the sensing re
sistor, Rs, and is found from : 

lp = 0.45/ Rs (typ) 
The peak value of holding current level, lh, is set by 
a voltage (Vset) applied to pin 2, giving : 

lhp = Vsetth IRs= (Vset ± 1 OmV)/Rs 

The peak to hold current ratio is fixed by Vset: 

lp /lhp = 0.45/ Vsetth 
Vset is fixed by an external reference and a voltage 
divider (Vext, R1, R2 in fig 2) : 
Vset = Vext • R2/ (R1 + R2) 
Due to the particular darlington storage time and the 
device reaction time not very significant differences 
can be found between lp and lh values based on the 
previous formula and the real values seen in the ap
plications. 

If the holding current function is not used, pin 2 can
not be left floating and it must be connected to GND. 

Figure 2 : Application Circuit Showing the Optional Components. In particular it illustrates how the holding 
current level is adjusted independently of the peak current (with R1, R2, Vext) and how the inter
nal zener clamp is connected. This circuit produces the waveforms shown in Fig. 4. 

r---, 
02 

Ys 

I R 1 : LOAD I I 
10 (A) Q1 Q2 :r I + --

R6 
I R 2 I R9 

4 BDX54 BDX53 
I ' --cr-, 

8 BDW94 BDW93 I I 1~ 
I ----- ... L ___ J 
I 

12 BDV64 BDV65 INPUT 10 

INHIBIT 11 

' 
S-683:l/1 ..L.. 

Figure 3 : P.C. Board and Components Layout of the Circuit of Fig. 2 (1 : 1 scale). 
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The drive current for the two darlingtons and the 
waveform time constants are all defined in turn by a 
resistor between pin 9 and ground. 

The recommended value for lr is 1 rnA which is ob
tained with a 1.2KQ resistor. The darlington drive 
currents are given by : · 

PNP : ldp = 35 lr typ. NPN : ldn = 100 lr typ. 

The duration of the high current level (t2 in fig 4) is 
set by a capacitor connected between pin 6 and 

L584 

ground. This capacitor, C1 is related to the duration, 
t2, by: 

Vsth- Vssat C1 
t2 = C1 16 = 12 "Tel (typ.) 

The discharge time constant (tan in fig 4) is set by a 
capacitor C2 between pin 7 and ground and is found 
from: 

V7th- V7sat = 12 ~ (typ) 
tall= C2 . 17 Ire! 

Figure 4 : Waveforms of the Typical Application Circuit of Fig. 2. 

YIN 
I 

INPUT 1 
~~------~~------------------------~L---~· 

CURRENT I I I 
lon lotf 

(ILl I ---:-)J.~ 
lp -r-----·, ~ 

Ys 

~~~~~~[~R 1-45-0..,.m-Y---+---'~ 
(INTERNAL) 1 

I 
75 mY 

60mY 
I 

• 

... 
I 
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L584 

Figure 5 :When pin 6 is grounded, as shown here, the injector current is regulated at a single level. 

lo (A) Q1 Q2 

4 BOX 54 BDX53 02 

8 BDW94 BDW93 

10 BDV64 BDV65 

LOAO .,

1 
o~ 

CURRENT 

:~' 
v, 0 I 1 

I 

INPUT -+---'---------o-=c-'-----

INPUT 

INHIBIT 

Figure 6 : In this application circuit, pin 6 is left open to give a single peak followed by a regulated holding 
current. 

10 (A) Q1 Q2 

4 BDX54 BDX53 

8 BDX54 BOX 53 

16 BDW94 BDV65 

' '[iS LOAO 

CURRENT I~ 

INPUT 

INHIBIT ''" l I 

INP T -1--'---------L----
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Figure 7 : Switchmode control of the current can be suppressed entirely by leaving pin 6 open and 
grounding pin 7. the peak current is still controlled. 

lo (A) Q1 Q2 

4 BDX54 BDX53 

8 BDW94 BDW93 

10 BDV64 BDV65 

INPUT 

,~ .. :'1 6 INHIBIT 

'"'"' ''"+-1 ___._1_~---: 

Figure 8 :Applications circuit using only one darlington with a single level of the injector current. 

L584 

I 
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L584 

To have a very short off time when the L584 input 
goes LOW, an internal zener is available on pin 16. 
This zener is used with an external divider, R8, R9, 
as shown in figure 2. Suitable values can be found 
from: 

Vpm 16 = 15V + VsE02 + VRsense 

R9 + R8 
Vco2=Vpin16 · ---

R8 

(Vco2 is the voltage at the collector of 02. Vco2 max 
is 4 7V if the pin 8 is used for slow recirculation as in 
fig. 2). 

To ensure stability, a small capacitor (about 200pF) 
must be connected between the base and collector 
of 02 when pin 16 is used. 

A different opportunity for a fast off time is based on 
the use of the external zener diode Dz. In this case 
also the maximum Dz voltage value is 47V. 

LOAD DUMP PROTECTION 
To protect the device against the positive load dump 
it is necessary to connect pin 1 to Vs. In this case, 
if Vs is higher than 32V, the device turns off 02 and 
turns on 01. The external resistor R6 must be used 
(see application circuit) to avoid that pin 8 voltage 
exceeds 50V during load dump. R6 must be : 

VouMP-Va 

ldp 

where VouMP is the dump voltage value and Va : 
4.75V < Vs < 47V. 

For this R6 value, the minimum supply voltage Vsmm 
guaranteeing 01 operation is given by : 

10/11 
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( lp VsE01) 
Vsmin = R6 -8 (+ 2) -R- + Vasat 

01 5 

In relation to Vsmin it is no more verified ldp = 35 I ref 
(typ) even if the system correct operation is comple
tely guaranteed. 

The L584 application circuit suggested in these 
notes allows the use of inductive loads with the lo
west possible series resistance (compatible with 
constructional requirements) and therefore reduces 
notably the power dissipation. 

For example, an electronic injector driven from 
14.4 V which draws 2.4A has a series resistance of 
6Q and dissipates 34.56W. Using this circuit a injec
tor with a 1 Q series resistance can be used and the 
power dissipation is : 

Pd = RLIL2 +VeiL {1 - cr) + Vsat · IL cr + Rs IL2 cr 

where RL = resistance of injector= 1 n 

Vo =drop across diode, Vo = 1V 

Vsat = saturation voltage of 02, = 1 V 

Rs = R11 = 185mn 

cr = duty cycle = 20% 

therefore : 

Pd = 5.76 + 1.92 + 0.48 + 0.21 = 8.37W 

This given two advantages :the size (and cost) of 
the injector is reduced and the drive current is redu
ced from 2.4A to about 0.4A. 

The application circuit of figure 9 is very similar to fi
gure 2 except that it shows the use of two supplies : 
one for the control circuit, one for the power stage. 



L584 

Figure 9 :Application circuit showing how two separate supplies can be used. 

sv 

R2 

10Kfi 

In this application it is assumed that the 5V supply 
for L584 is taken from a logic supply, which is alrea
dy protected, against load dump transients and vol
tage reversal. 

Pin 1 must be left open, as shown in fig. 9, if Vs is 
always lower than 46V even during the voltage tran
sients. 

Note that loft is also related to the required current 
ripple ~I on the peak or on the holding current level 
by: 

L (lo- ill) RL + Voff 
10 ff = -- In--,-----,--,--

R Ia RL + Voff 

Where: lois the initial current value in OFF condition 
(equal to lp or IH in accordance to the current level 
considered), 

VoFF = VoroDE + VcE01 

RL is the series resistance value of the inductan
ce L: 

Therefore C2 can be dimensioned directly by : 

1.2 c 2 
Kn 

..L S-6B3B/2 

I REF L In (lo- ~I) RL + VoFF 
C2= 

12 RL lo RL + VoFF 

Note that loft is the same for both the peak and hol
ding current. 

ton time is given by : 
L Von- R(l1 -~I) 

lon = R In Von- Rl1 

where : 11 is the final current value in ON condition 
(equal to lp or IH in accordance to the current level 
considered), 

R = RL + RsENSE 

Von= Vs- VcESatQ2 

If the constant times are respectively 
L L 
R > 20 loff and R > 20 lon 

it is possible to consider a purely inductive load and 
therefore: 

~I ~I 

toff = L Vo ; lon = L Von 
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L585 

CAR ALTERNATOR REGULATOR 

11 ALTERNATOR VOLTAGE CONTROL 
11 COMPLETE FAULT DIAGNOSTICS 
• DRIVES 3 W LAMP DIRECTLY 
• LAMP SHORT CIRCUIT PROTECTION 
• SENSING INTERRUPT PROTECTION 
• 1 00 V DUMP PROTECTION 
• 300 V LOW ENERGY SPIKE PROTECTION 
., THERMAL PROTECTION 

DESCRIPTION 

DIP16 

5016 

The L585 is an integrated circuit designed for use 
with an NPN darlington as a voltage regulator in a 
threephase alternator charging system. It includes 
fault diagnostic circuitry which drives a 3 W warning 
lamp in fault conditions such as open or short circuit 
connections. Protection against load dump tran
sients, short circuits and low energy spikes is incor
porated. 

ORDERING NUMBERS: L585 (DIP16) 
L585D1 (S016) 

BLOCK DIAGRAM 

1 ERROR 
J-~MPL. COMP 

o--t----tFIL TERI 1 · · 1 DARLINGTON 11-----t-<> 
3 h-1~2~~ L DRIUER I 

2 
6 

1B !TRIANGULAR I I MONO I i I REFER. WAUE 1----1-------; 
rl I OSCILLATOR STABLE! 

OUERUOLTAGE, 
SENSING INTERR., 

~ SENSING GND 
4 

I LOW PHASE 
DELAY I DETECTION 

7 

I CAPACITIUE L_ _______ ,_ ______ ~ 

!HYSTERESIS 
8 

5 16 1189L585-B2 

November 1991 

11 

CURRENT LIMITING 
THERMAL PROTECT. 

OUERUOLT. PROTECT 

~ 
_I LAMP I 
IDRIUERI 

1----+-<> 13 

Us 
NO POWER~ I 

SUPPLY 
DETEC. 

12 

14 

> 9 
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L585 

PIN CONNECTION 

ALTERNATOR VOLT. SENSING 
FILTER CAPACITOR 
FILTER CAPACITOR 

ALTERNATOR OVERUOLTAGE 
ADJUSTMENT 

GND 
DARLINGTON DRIVER 

N.C.(* l 
N.C. ( * l 

(') MUST BE LEFT FLOATING 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

118!/LSBS-Btf/ 

Vs Operating Supply Voltage (through Rs) 

Vo Dump Voltage 

Tl Junction Temperature Range 

Ptot Power Dissipation at T amb = 80 oc 
Tstg Storage Temperature 

Top Operating Temperature Range 

THERMAL DATA 

BATTERY VOLT. SENSING 
PHASE VOLTAGE SENSING 
N.C. 
LAMP DRIVER 
GND 
OSC. CAPACITOR 
SUPPLY VOLTAGE 
N.C. ( * l 

Max 
Max 

Value 

28 

100 

- 40 to 150 

1 

-65 to 150 

- 40 to 125 

80 
50 

Note : Soldered on PC board that s1mulates an appllcat1on w1th med1um dev1ce dens1ty on board 

Unit 

v 
v 
oc 
w 
oc 
oc 

(')Thermal resistance ]Unct1on-p1ns With the chip soldered on the middle of an alumma supporting substrate measunng 15 o 20 mm , 0 65 mm 
thickness and inf1mte heaths1nk. 
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L585 

PIN FUNCTIONS 

No Name Functions 

1 Alternator Voltage Connection for voltage regulation sensing. The regulation sensitivity is a 
Sensing function of R1 and is given by : 

S = t. VA = 0.5 mV/0. 
t. R1 

2-3 Filter Capacitor A capacitor connected between these two pins filters the feedback signal 
from the regulated output. Typ1cally the input impedance is 15 KD.. 

4 Alternator Overvoltage When this pin is left open circuit the overvoltage threshold is a described 
Adjustment in the specification. Typically the warning lamp is switched on when the 

voltage at this pin 1s greater than 3.5 V. This threshold can be modified 
with a resistor between either the ground or pin 2. 

5 GND This pin must be connected to ground. 

6 Darlington Driver This pin drives the external darlington disabling it by shorting the current 
in R8 to ground. 

7-8-9 N.C. These pins must be left floatmg. 

10 IC Supply Voltage Supply Voltage Input 
A 7.5 V (typical) Zener is present at the input. 

11 Oscillator Capacitor A capacitor connected to ground sets the frequency of the internal 
oscillator. The frequency is given by : 

fosc 
20 X 10 -S 

8.4 X Case 

12 GND This pin must be connected to ground. 

13 Lamp Driver Current Driver for External Lamp for Diagnostics. 
Internally protected agains short circuits (current limiting), load dump 
transients and, by means of a zener, against low energy spikes. 

14 NC Not connected to d1e. 

15 Phase Voltage Sensing. Connection for no charge sensing from the alternator . 
The internal low threshold is typically 2.4 V. By means of the external 
divider R3/R4 the threshold can be adjusted to give the required sensitiVIty. 

16 Battery Voltage Sensing Connection for Voltage Battery Sensing 
This pin senses a failure of the alternator-battery lead as the voltage 
difference V A-Vs. The external resistor R2 limits the current m overvoltage 

I 
protection. 
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L585 

ELECTRICAL CHARACTERISTICS (V s = 14.4 V ; - 30 'C :s; T1 :s; 100 'C unless otherwise specified ; 
refer to application circuit) 

I Symbol I Parameter Test Conditions I Min. Typ. Max. Unit 

REGULATION 

Vs Operating Supply Voltage 6 25 v 
ld Quiescent Drain Current (pin 1 0) Vto = 5.5 V 24 mA 

VA Alternator Reg. Voltage T1 = 20 oc, t = 100 ms 14.26 14.55 14.84 v 
Rt =1.3KQ(1) 
T, =- 30 oc 14.60 15.50 v 
T1 =+100°C 13.32 14.17 v 

dVA Voltage Reg. Range 10%<d<90% ± 60 mV 

s Sensitivity to Rt Variation S = dVAidRt 0.35 0.65 mV/Q 

TCns Normalized S 1/S• dS/dT -2000 ppmrc 
Temperature Coeff. 

Vs sat Darlington Driver Satur. Voltage 16 = 20 mA 200 mV 

Is Oscillation Frequency Case = 20 nF 80 170 Hz 

It Standby Current (pin 1) Vbat1 =12 V 2 mA 

DIAGNOSTIC 

VAH Overcharging Voltage T1 = 25 oc 1.054VA 1.086V A v 
Threshold (2) Rt = 1.3 KQ 

Vs = VAH (3) 
- 30 oc < T1 < + 1 oo oc 1.049V A 1.091VA v 

VpL Low Level Phase Voltage I = 600 Hz, T 1 = 25 oc 5 6 7 v 
Threshold (no load) (4) - 30 oc < T1 < + 100 °C 4.5 6 7.5 v 

VAs Difference Between Altern. and T1 = 25 oc 2.33 3.10 3.88 v 
Supply Voltage (5) -30 oc < T1 < + 100 oc 2.00 3.31 4.18 v 

Vt 3 sat Lamp Dnver Saturation Voltage It 3 =250 mA 1.5 v 
Vt 3 off Lamp Driver Voltage Without Rs > 48 Q 4.5 v 

Power Supply (6) 

td Alarm Delay Cosc = 20 nF 70 1.50 s 

Notes: 1. d =50% the duty cycle of the output s1gnal at pin 6 
2. The lamp IS SWitched on w1th a fixed delay when the alternator voltage becomes higher than VAH. (overcharge indication) 
3. Measured 100 ms after turn-on. 
4. The lamp IS SWitched on With a fixed delay when the voltage v, becomes lower than VeL (the alternator is not charging the battery). 
5. The lamp is SWitched on when the cable B 1s broken (VA- Vs becomes higher than VAs) 
6. The lamp IS switched on when the cable A is broken (IC without power voltage supply). 
7. When the voltage at p1n 1 IS greater than V, ,, the internal darlington of the lamp 1s switched off 
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L585 

ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Conditions Min. Typ. Max. I Unit 

PROTECTION 

Tsh Darlingtyon Thermal Shutdown 150 
Threshold 

Vzen (pin 10) Zener Voltage Ia = 60 mA 6 8 
lo=130mA 6.2 8.2 

Vtdp Overvoltage Protection T1 = 25 oc 25 32 38 
Threshold (7) - 30 oc < T1 < + 1 00 oc 23 40 

It 3 sc Lamp Dnver Circuit Current 300 1500 

I dump Pin 13 Dump Sustaining Capability Vt 3 = 110 V@ T1 = 25 oc 200 
Current V t = 50 V@ t = 1 00 ms 

Vdump Pin 13 Dump Clamping Voltage It 3 = 100 mA@ 110 
t = < 3 ms 

I, 3 =40 mA@ 100 
t = < 6 ms, full T 
T1 =- 30 oc 90 

Notes : 1. d =50% the duty cycle of the output s1gnal at p1n 6 · 
2 The lamp IS SWitched on w1th a f1xed delay when the alternator voltage becomes higher than VAH (overcharge mdlcat1on) 
3 Measured 100 ms after turn-on. 

oc 

v 
v 
v 
v 

mA 

mA 

v 

v 

v 

4 The lamp IS SWitched on With a f1xed delay when the voltage Vp becomes lower than VeL (the alternator is not charging the battery). 
5. The lamp 1s sw1tched on when the cable B IS broken (VA· Vs becomes higher than VAs) 
6. The lamp 1s sw1tched on when the cable A is broken (IC Without power voltage supply) 
7. When the voltage at p1n 1 IS greater than V 1 dp the internal darlington of the lamp 1s sw1tched off 

CIRCUIT OPERATION 

The L585 alternator regulator performs two main functions : regulation control and fault diagnostics. 

REGULATION 

The alternator voltage is compared with a reference 
voltage in an error amplifier (see block diagram), the 
output of which determines the duty cycle of the ex
ternal darlington. This darlington switches the cur
rent in the excitation coil of the alternator. 

The switching frequency is fixed and is set by the ex
ternal capacitor Cosc (see application circuit). Ca-

DIAGNOSTIC 

This circuit receives information from the battery, the 
alternator and one alternator phase. It indicates 
anomalous conditions by driving a 3 W lamp. To pre
vent spurious fault warnings some indications are 
not displayed immediately but are delayed by a fixed 
time. No external components are needed to imple
ment this delay since it is produced internally by divi
ding the internal oscillator with an eight-stage divider 
to give a delay of 128 periods. For a one second 
delay the oscillator frequency must be 128 Hz. 

pacitive positive feedback and a monostable elimi
nates spurious switching caused by contact bounce. 
The base current delivered to the external darlington 
it set by the resistor RB (see application circuit) and 
must be dimensioned according to the charac
teristics of this darlington and the maximum coil cur
rent. 

The lamp is driven after a delay when 'the ·following 
conditions occur : no charge, break or short circuit 
in the alternator sense wire. · · · 

The diagnostic lamp is driven immediately when the 
cable connecting the alternator to the battery is 
broken (Va-Vbatt above 2.6 typ.) or when the IC is 
without power supply (VeE sat of the larnp driver is 
2.4 V typ. in this case). 

~ SCS·n-IOMSON 
A"fj lilillli:~©~~ffii:'ii~©llllli:® 
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L585 

PROTECTION 

SHORT CIRCUIT PROTECTION 

The integrated darlington is protected against short 
circuits of the lamp. The short circuit current is 
limited at 600 rnA and if this condition persistes ther
mal protection will intervene. 

DUMP PROTECTION 

The whole IC is protected against load dump tran
sients (1 00 V, 300 ms with a rise time greater than 
5 ms) in the typical application circuit. The only com
ponent to which this transient is directly applied (no 

Figure 1 : Application Circuit. 

The device is able to withstand all the voltage tran
sients mentioned in ISO DP7637/1. If voltage tran
sients more severe than the above ISO standard 
have to be withstood, an external protection device 
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series resistances) is the lamp driver darlington. 
During transients the darlington is kept off and can 
withstand peak voltages of 100 V. Additionally, the 
IC can withstand low energy spikes up to 300 V. 
These spikes are clamped by an internal 1 00 V 
zener on the collector of the lamp driver darlington. 

THERMAL PROTECTION 

When the IC temperature reaches 170 oc the lamp 
driver darlington is kept off. 

(transil) must be connected between pin 15 and 
GND. For transients up to 250V, !pulse = 500J.!S, 
Rsource = 47Q, the transil P6KE100P is recom
mended. 



L2605 
L2685-L2610 

LOW DROPOUT VOLTAGE REGULATORS 

• OUTPUT VOLTAGE OF 5, 8.5 AND 10 V 
• OUTPUT CURRENT UP TO 500 mA 
• NO EXTERNAL COMPONENTS 
• LOW DROP-OUT VOLTAGE 
• OVERVOLTAGE PROTECTION(± 100 V) 
• REVERSE VOLTAGE PROTECTION 
• SHORT CIRCUIT PROTECTION 
• CURRENT LIMITING 
• THERMAL SHUTDOWN 

DESCRIPTION 
The L2600 series of three terminal positive regula
tors is specially designed to stabilize power supplies 
car instrumentation in vehicles with 12V batte
ry.Available with output voltages equal to 5V, 8.5V, 
1 OV, they can supply an output current up to 500mA. 

These devices are protected against load dump and 
field decay transients (± 1 OOV), reverse battery, 
short circuit and thermal overload. 

BLOCK DIAGRAM 

T0-220 

SOT-82 

Order Codes 

T0-220 SOT-82 

L2605V L2605X 
L2685V L2685X 
L2610V L2610X 

GNO(cas.) 
3~------~---------------+----~~------~ 

November 1988 

Output Voltage 

5V 
8.5 v 
10 v 

5-' 005 
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L2605-L2685-L2610 

PIN CONNECTION (top view) 

,.-----' 

2 OUTPUT 

GND -$ 3 GROUND 

INPUT 1 
----, r----' 

s- zssst, 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, DC Input Voltage 35 v 
DC Input Reverse Voltage -28 v 
Transient Input Overvoltage : 
Load Dump: + 100 v 
5ms ~ lnse ~ 1 Oms, 
~~ Fall Time Constant = 1 OOms, 
Rsource ~ 0.5Q 
Field Decay : - 100 v 
5ms ~ !tall ~ 1 Oms 
~, Rise Time Constant = 33ms, 
Rsource ~ 1 OQ 

Po Power Dissipation Internally Limited 

TJ, Tstg Junction and Storage Temperature Range -55 to 150 oc 

THERMAL DATA 

SOT-82 T0-220 

Rth 1-case I Thermal Resistance Junction-case Max 8 oc;w 4 °C/W 
R,h 1-amb Thermal Resistance Junction-ambient Max 100 oc;w 75 °C/W 

APPLICATION CIRCUIT 

(') Note : C, and c, are only needed if the load capacitance exceeds 1000 pF, Recommended values are C1 = 0 1 ~F and C2 ;, 100 ~F. 
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L2605-L2685-L2610 

ELECTRICAL CHARACTERISTICS (T1 = 25 oc, V, = 14 V, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage I V, = 12 to 16 V (L2605) 4.80 5.00 5.20 
10 = 500 mA V, = 12 to 16 V (L2685) 8.15 8.50 8.85 

V, = 12 to 16 V (L2610) 9.60 10.00 10.40 

v, Operating Input See Note (') 28 
Voltage 

t!.V 0 Line RegulatiOn lo =50 mA V, = 12 to 20 V 2 8 
--

Vo Load Regulation v, = 14 v I o = 50 to 500 mA 4 9 

b.V,.o Dropout Voltage 10 = 500 rnA 1.9 

ld Quiescent Current 10 =50 mA 20 45 

b.Vo Output Voltage Drift 10 =50 mA - 1 

b.T v, = 14 v T amb =- 12 to 80 °C 

lsc Output Short Circuit 1.1 1.8 
Current 

SVR Supply Voltage v, = 16 v v, =2 v 
Rejection f = 100 Hz 10 =500 mA 60 

Ro Output Resistance 10 = 500 rnA 0.05 

eN Output Noise Voltage BW =100Hz to 10KHz 20 
(*)Note: For DC 1nput voltage 28 V < V, < 35 V the dev1ce 1s not operatmg. 

ELECTRICAL CHARACTERISTICS (- 40::; T1 ::; 125 OC (note 2}, V, = 14 V, unless otherwise 
specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage \I V, = 12.5 to 16 V (L2605) 4.70 5.00 5.30 
10 = 500 rnA V, = 12.5 to 16 V (L2685) 8.00 8.50 9.00 

V, = 12.5 to 16 V (L2610) 9.40 10.00 10.60 

v, Operating Input See Note (0 ) 26 
Voltage 

b.Vo Line Regulation 10 =50mA V, = 12.5 to 20 V 3 12 
--

Vo Load Regulation v, = 14 v 10 =50 to 500 mA 5 13 

b.V,.o Dropout Voltage 10 =500 mA 2.5 

ld Quiescent Current lo =50 mA 29 65 

lsc Output Short Circuit 1.1 2.1 
Current 

Notes : (0 ). For a DCinput voltage 26 V < V1 < 35 V the device is not operating. 

Unit 

v 

v 

mVN 

mVN 

v 
rnA 

mV/oC 

A 

dB 

0. 

IN 

Unit 

v 

v 

mVN 

mVN 

v 
mA 

A 

2. The limits are guaranteed by design, correlation and statistical control on production samples over the indicated tempera· 
ture and supply voltage ranges. 
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• DRIVES DIRECTLY 300 rnA ALARM LOAD 
• PROGRAMMABLE INPUT POLARITY TO 

ACTIVATE THE OUTPUT STAGE 
• PROGRAMMABLE DELAY TIME 
• PROGRAMMABLE OUTPUT DUTY CYCLE 
• OUTPUT SHORT CIRCUIT PROTECTION 
• OVERVOL TAGE AND THERMAL 

PROTECTION 

DESCRIPTION 

The 1.4620 is an integrated circuit, designed for the 
liquid level control in automotive applications. The 
liquid level is indicated by an attenuation between 
transmitted and received signal across a sensor tip 
in the !quid. If the attenuation exceedes an internal 
threshold- sensor tip outside the liquid or liquid tem
perature higher than a determined value- a squari)
wave alarm output indicates an unsufficient liquid 
condition.lf the liquid level is restored before the end 
of a delay time th"e alarm is not activated. 

Through two pins it is possible to program :the delay 

BLOCK DIAGRAM 

.v, 

November 1990 

L4620 

LIQUID LEVEL ALARM 

Minidip 

ORDERING NUMBER : L4620 

time to activate the alarm, the duty cycle of the 
output squarewave, the polarity of the input thre
shold of the sensor for alarm activation. 

The above features make the L4620 particularly ver
satile for many applications and give the possibility 
to use various sensor types. 

Internal circuits prevent spurious indications from 
the liquid sensor and a latch keeps the alarm acti
vated until the supply voltage is switched off. The de
vice includes thermal shutdown protections. 

PROGRAMMING 
PINS 

S-7571 
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L4620 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Is Supply Current (Vs > Vz) 200 rnA 

V3 Sensor Input Voltage (V 2 High) 7 v 
lout Output Current 500 rnA 

Ptot Power Dissipation at T amb = 70°C 0.8 w 
TJ, Tstg Junction and Storage Temperature Range -55 to 150 oc 

PIN CONNECTION (top view) 

~ SENSOR POLARITY 

( SELECT 
OSCILLATOR 1 8 DUTY-CYCLE SELECT 

.1 ~ ALARM DELAY 
SENSOR OUTPUT I Z 7 ~ SELECT 

SENSOR INPUT 3 6 ~ ALARM DRIVER OUTPUT 

GROUND 4 S ~ SUPPLY VOLTAGE 

S-7570 

THERMAL DATA 

Thermal Resistance Junction-ambient Max 100 

2/7 
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L4620 

PIN FUNCTION (Block Diagram) 

No Name Function 

1 Oscillator A capacitor Case connected to ground and a resistor Rose connected to pin 5 
(supply voltage) set the frequency of the internal oscillator. The period is given 
by : T ose = 0.693 (Rose + 5000) Case 

2 Sensor Output A squarewave is available at this pin to drive the external sensor. The output 
frequency is 1/32 of the internal oscillator lose, i.e. 50Hz using the values of 
Rose = 180kQ and Case = 4.7nF for the external components. 

3 Sensor Input Connection for liqu1d level sens1ng. During the zero level of the squarewave s1gnal 
at pin 2, the internal sensing circuit is disabled. During the high level of the wave 
shape the input is compared with a threshold which depends on the output 
sensor voltage at pin 2. When the voltage at this pin is low, the threshold value 
is given by : 
VsENSH = 0.4V 2 (typ). If the input voltage becomes higher than the above 
VsENSH. the Vsens value is reduced to VsENSL = 0.22V2 (typ), providing an 
hysteresis available w1th both the programmable polanties. 

4 GND This pin must be connected to ground. 

5 Supply Voltage Supply voltage input. A 4.5V (typical) zener is present at the input. The external 
resistor limits the current through the zener for high supply voltages. Moreover 
when the voltage at this pin is down 2.5V (typical) the internal reset circuit is 
activated to mizialize the counters and to reset the memory alarm latch. 

6 Alarm Dnver Output An mternal open collector stage is available at this pin to drive the external alarm 
indicator by a rectangular waveshape. The output period depends on the external 
component Rose and Case· Using the recommended values of block diagram the 
period T is 32Dms (typ). The duty cycle depends on the status of the 
programming pin 8 (see pm 8 function) and can be or 1 : 2 or 1 : 64 i. e., refer to 
fig. 2, t = 160ms or t = 5ms. 

7 Alarm Delay Select This program pin selects the alarm delay to act1vate the output stage after a low 
l1qu1d level indication of the sensor. The delay depends on the internal oscillator 
frequency. Refer to application circUit, if th1s pin is kept low the typical delay is 
1 0.24s. When this pin is kept high, the typ delay becomes 20.48s. 

8 Sensor Polarity Through this pin it 1s possible to program both the sensor polarity w1th respect to 
Select Output the mternal threshold and the duty-cycle of the output waveform which drives the 
Duty-cycle Select alarm. When this pin is kept low the output rectangular wave duty cycle is 1:64 

(T = 320ms, t = 5ms in fig. 2) and the output is activated, after the delay time, if 
the voltage at pin 3 is higher than VsENS· When the voltage at this pin is high the 
output duty cycle is 50% (t = 160ms) and the output goes on, after the delay I 
time, if the voltage at pin 3 is less than VsENS· 
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L4620 

ELECTRICAL CHARACTERISTICS (T amb = 25°C, unless otherwise specified. Refer to block 
diagram for external component values) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vz Internal Zener Voltage Is= 24mA 4 4.5 5 
(pin 5) 

Is Supply Current (pin 5) V, = 3.8V 6.5 11 

fosc Oscillator Frequency (pin 1) Rose = 180kQ, Cosc = 4.7nF 1.45 1.6 1.75 

V7, V8 Programming Pins Input Low State 0.3 
Voltage (pin 7, 8) 

High state 2 

!7, Is Programming Pins Input V7=Va=OV - 1 
Current (pin 7, 8) 

V7 = Va = Vz 150 

v2 Sensor Drive Output V2 =Low, 0.4 
Voltage, (*) !2 = 1 rnA 

v2 =High, V2-1 Vz-0.4 
l2 = 1 rnA 

12 Sensor Driver Output - 1 1 
Current 

VsENsHN2 Sensor Input High v2 =High 0.33 0.4 0.47 
Threshold Voltage Versus Vp1n 3 < Vsensl 
V2 (pin 3) 

VsENSL Sensor Input Low Threshold v2 =High 0.15 0.22 0.29 

-----v;- Voltage Versus V 2 (pin 3) Vp1n8 >VsensH 

VcLAMP3L Sensor Input Clamping - 1 OOflA < lsens < 1 OOJlA -0.1 0.1 
Voltage (pin 3) V2 =Low 

VcLAMP3H v 2 =High -0.8 -0.6 -0.4 
l3 =- 100flA 

Is = + 100JlA Vz Vz + 0.8 

lsens Sensor Input Bias Current Vsens =High 1.2 
(pin 3) 

Td Delay Time f osc = 1.6kHz V7 =Low 10.24 

V7 =High 20.48 

Vout(sat} Output Stage Saturation lout= 200mA 1.3 
Voltage (pin 6) (**) 

Vout{clamp) Output Stage Overvoltage 
Protection (pin 6) 

lout= 70mA 19 21 23 

1 
*) This IS a squarewave s1gnal. The frequency JS given by : f = -- f," 

32 

**) The output squarewave s1gnal frequency IS given by f = -- fosc 

512 

Unit 

v 

mA 

kHz 

v 

v 

~ 

flA 

v 

v 

rnA 

v 

v 

v 
flA 

sec 

sec 

v 

v 

The duty cycle depends on the state of the p1n 8 and can be or 1 . 2 or 1 · 64, i.e refer to f1gure 2, T = 320 ms, I= 160 or 5 ms when 
the oSCillator frequency f," = 1.6 KHz. 
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CIRCUIT OPERATION 
The L4620 liquid level alarm is designed to operate 
with a variety of sensor types which change imped
ance depending on whether the sensor is above or 
below the level of a liquid. If the impedance variation 
of ther liquid itself is sensed, a very simple sensor 
(two electrodes) can be used. The output stage 
drives directly the alarm indicator with a 300mA rec
tangular wave signal, the duty cycle of which is pro
grammable. 

SENSOR INTERFACE. 
As shown in the application circuit, the sensor is con
nected so that it varies the attenuation of a square
wave signal between pin 2 and pin 3 where its posi
tive half cycle is compared with the reference thre
shold (with hysteresis). 
This frequency, generated internally by a 50% duty 
cycle oscillator, is 50Hz in the typical application 
(Rose= 180KQ Case= 4.7nF). 
The threshold of the sensor input is a function of the 
output voltage at pin 2. The hysteresis is provided 
by a Schmitt trigger comparator. As shown in fig
ure 1 , this gives hysteresis with either threshold po
larity selected. 
The AC driving of the level sensor allows the use of 
a capacitive filter (CA, Cs, Cc in block diagram) 
which acts as a bandpass filter at the frequency 
used. The resistor Rc in the application circuit biases 
the sensor input stage. In this way the interference 
problems typical of automotive applications are re
duced considerably. If, however, it is not necessary 
to decouple and filter the sensor a simple resistive 
network may be used, eliminating the capacitors. 

SPURIOUS INDICATION PROTECTION. 
To prevent spurious alarm signals when the liquid is 

L4620 

agitated or in the presence of interference, the de
vice includes two protection mechanism : 

Firstly, the sensor interface which samples the posi
tive half cycle of the sensor signal activates its output 
only if there are four consecutive alarm condition in
dications. Secondly, the alarm output stage is only 
activated after an externally programmable delay. 
During this delay if the alarm condition ceases the 
alarm output will not be activated. 

Using the values Case= 4.7nF and Rose= 180KQ, 
which give a typical oscillator frequency of 1.6KHz, 
delays of about 10 s (programming pin ?low) or 20s. 

INTERNAL MEMORY. 

When the alarm output has been activated an inter
nal latch holds it in the active state until the power 
supply is removed. This feature ensures that the 
alarm will not be interrupted if the sensor connection 
breaks. 

OUTPUT STAGE. 

Through pin 8 it is possible to program the duty cycle 
of the alarm signal waveform (see figure 2). When 
pin 8 is high the output signal has adutycycle of 50% 
; if pin 8 is low the duty cycle is 1 : 64. The period of 
the output signal is always 320ms using the compo
nent values indicated in block diagram. 

The output stage can deliver up to 300mA and is 
protected internally against overvoltages (by a 
zener) .. 

A thermal shutdown circuit provides additional pro
tection. 
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L4620 

SENSOR INPUT WAVEFORM 

Figure 1a: Pin 8 Low; Alarm with Input Voltage> Threshold. 

Ypin3 
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1 ALARM l 
CONDITION 
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: ALARM 1 
CONDITION 

-- Vth1 :0.4V driv(pin2) lhysteris 

Vth2 = QZZV driv(pln 2) 

Figure 1b: Pin 8 High; Alarm with Input Voltage< Threshold. 

Ypin3 
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Figure 2a : Output Alarm Waveform with Pin 8 High : t = 2 T. 
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Figure 2b : Output Alarm Waveform with Pin 8 Low : t = 64 T. 
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L4805-l4885-L4892 
L4808-L4810-L4812 

VERY LOW DROP VOLTAGE REGULATORS 

II INPUT/OUTPUT DROP TYP. 0.4V 
• 400mA OUTPUT CURRENT 
• LOW QUIESCENT CURRENT 
• REVERSE POLARITY PROTECTION 
• OVERVOL TAGE PROTECTION(± 60V) 
• FOLD BACK CURRENT LIMITING 
• THERMAL SHUTDOWN 

DESCRIPTION 

L4800 series devices are voltage regulators with a 
very low voltage drop (typically 0.4V at full rated cur
rent), output current up to 400mA, low quiescent 
current and comprehensive on-chip protection. The
se devices are protected against load dump and 
field decay transients of± 60V, polarity reversal and 
overheating. A foldback current limiter protects 
against load short circuits. Available in 5V, 8.5V, 
9.2V, 1 OV and 12V versions (all± 4%, Tr = 25°C) the
se regulators are designed for automotive, industrial 
and consumer applications where low consumption 
is particularly important. 

BLOCK DIAGRAM 

INPUT 

l 

SOT-82 T0-220 

In automotive applications the L4805 is ideal for 5V 
logic supplies because it can operate even when the 
battery voltage falls below 6V. In battery backup and 
standby applications the low consumption of these 
devices extends battery life. 

OUTPUT 
r.{r 

BANDGAP 
PREREGULATOR 1- REFERENCE Be li 

ERROR AMPLIFIER 
..I.. 

DUMP I 
PROTECTION I 

FOLDBACK 

J THERMAL 
CURRENT 

PROTECTION 
LIMITER 

I GN 0 
-ft!J2L4885 Bt .... 

March 1992 1/4 
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L4805-L4808-L4885-L48S2-L4810-L4812 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vt DC lnout Voltaoe 

DC lnout Reverse Voltaoe 

Transient Input Overvoltages : 
Load Dump: 
5ms 5. Tnse 5. 1 Oms, 

'tt Fall Time Constant= 100ms, 
Rsource 5 0.5Q 
Field Decay : 
5ms 5 !tall 5 1 Oms, Rsource 5 1 on 
'tr Rise Time Constant = 33ms 

T, Tsto Junction and Storage Temperature Range 

THERMAL DATA 

Rth 1-case I Thermal Resistance Junction-case 
Rth J·amb Thermal Resistance Junction-ambient 

PIN CONNECTION (top view) 

l! II : ~::::=:::==:=::: :::::: 
~ tab connected to pin 3 1152L48B5-82 

TEST AND APPLICATION CIRCUIT 

The output capacitor is required for stability. Though 
the 100 ~-tF shown is the minimum recommended 
value, actual size and type may vary depending 
upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also fac
tors in the IC stability. Since ESR varies from one 
brand to the next, some bench work may be required 
to determine the minimum capacitor value to use in 
production. Worst-case is usually determined at the 
minimum ambient temperature and maximum load 
expected. 

Output capacitors can be increased in size to any 
desired value above the minimum. One possible 
purpose of this would be to maintain the output vol
tages during brief conditions of negative input tran
sients that might be characteristics of a particular 
system. 
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Value Unit 

+ 35 v 
- 18 v 
60 v 

- 60 v 

-55 to+ 150 oc 

SOT-82 T0-220 

Max 8 °CIW 4 °C/W 
Max 100 °C/W 75 ac/W 

"--___ O::.r:..:d:..:ec:..r.;=Cc.::o.:::d.:::es=------1 Output Voltage 
T0-220 SOT-82 

L4805CV L4805CX 
L4808CV L4808CX 
L4885CV L4885CX 
L4892CV L4892CX 
L4810CV L4810CX 
L4812CV L4812CX 

5V 
sv 

8.5 v 
9.2 v 
10 v 
12 v 

Capacitors must also be rated at all ambient tempe
rature expected in the system. Many aluminum type 
electrolytics will freeze at temperatures less than-
30 oc, reducing their effective capacitance to zero. 
To maintain regulator stability down to- 40 oc, ca
pacitors rated at that temperature (such as tanta
lums) must be used. 

Ui <>-..---6 
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L4805-L4808-L4885-L4892-L4810-L4812 

ELECTRICAL CHARACTERISTICS (Vi = 14.4V; Co = 1 00~-tF; Tj = 25°C unless otherwise specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vo Output Voltage lo = 5mA to 400mA (L4805) 4.80 5.00 5.20 v 
lo = 5mA to 400mA (L4808) 7.68 8.00 8.32 v 
lo = 5mA to 400mA (L4810) 8.16 8.50 8.84 v 
lo = 5mA to 400mA (L4812) 8.83 9.20 9.57 v 
lo = 5mA to 400mA (L4885) 9.60 10.00 10.40 v 
lo = 300mA (L4892) 11.50 12.00 12.50 v 

v, Operating Input Voltage 26 v 
!1Vo!Vo Line Regulation VI= 13 to 26V; lo = 5mA 1 10 mV!V 

!1Vo!Vo Load Regulation 10 = 5 to 400mN 3 15 mV!V 

v,- Vo Dropout Voltage lo = 400mA' 0.4 0.7 v 
lo = 150mA 0.2 0.4 v 

lq Quiescent Current lo = OmA 0.8 2 mA 

lo = 150mA 25 45 mA 

lo = 400mN 65 90 mA 

!1Vo Temperature Output Voltage 0.1 mV 
--

!1T•Vo Drift OC•V 

SVR 
Supply Voltage Reject1on lo = 350mA; f = 320Hz; 60 dB 

Co = 100flF; V1 = Vo +3V+2Vpp 

lo Max Output Current BOO mA 

lsc Output Short Circuit Current 350 500 mA 
(fold back condition) 

• only for L4892 the current test cond1t1ons IS lo = 300m A 

ELECTRICAL CHARACTERISTICS (Vi 
otherwise specified.) 

14.4V; Co 1 OO)lF; Tj -40 to 125°C (note 1) unless 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vo Output Voltage lo = 5mA to 400mA (L4805) 4.70 5.00 5.30 v 
lo = 5mA to 400mA (L4808) 7.50 8.00 8.50 v 
lo = 5mA to 400mA (L481 0) 8.00 8.50 9.00 v 
lo = 5mA to 400mA (L4812) 8.65 9.20 9.75 v 
lo = 5mA to 400mA (L4885) 9.40 10.00 10.60 v 
lo = 300mA (L4892) 11.30 12.00 12.70 v 

v, Operatin(l Input Volta(le see note 2 26 v 
!1Vo!Vo L1ne Regulation VI= 14 to 26V; lo = 5mA 2 15 mV!V 

!1Vo!Vo Load Re(lulation 10 = 5 to 400mN 5 25 mV!V 

v,- Vo Dropout Voltage lo = 400mA• 0.5 0.9 v 
lo = 150mA 0.25 0.5 v 

lq Quiescent Current lo = OmA 1.2 3 mA 

lo = 150mA 40 70 mA 

lo = 400mA· 80 140 mA 

lo Max Output Current 870 mA 

lsc Output Short Circuit Current 230 mA 
(fold back condition) 

Notes : 1. Th1s i1m1ts are guaranteed by design, correlation and statiStical control on production samples over the ind1cated temperature and 
supply voltage ranges 

2. For a DC voltage 26V < V1 < 35V the dev1ce IS not operating. 
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L4805-L4808-L4885-L4892-L4810-L4812 

Figure 1: Dropout Voltage vs. Output Current 
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Figure 3: Output Voltage vs. Temperature 
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Figure 2: Quiescent Current vs. Output Current 
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Figure 4: Foldback Current Limiting(L4805) 
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Figure 5: Preregulator for Distributed Supplies 
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(:1:) L2 ~ C2 ARE NECESSARY TO REOUCE THE SWITCHING FREQUENCY SPIKES 
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L4901A 

DUAL 5V REGULATOR WITH RESET 

• OUTPUT CURRENTS: 101 = 400mA 
102 = 400mA 

• FIXED PRECISION OUTPUT VOLTAGE 5V 
± 2%. 

• RESET FUNCTION CONTROLLED BY IN
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

• RESET FUNCTION EXTERNALLY PRO
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

e OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

e LOW LEAKAGE CURRENT, LESS THAN 
1f.1A AT OUTPUT 1 

• LOW QUIESCENT CURRENT (INPUT 1) 

• INPUT OVERVOLTAGE PROTECTION UP 
TO GOV 

ABSOLUTE MAXIMUM RATINGS 

e RESET OUTPUT HIGH 

• OUTPUT TRANSISTORS SOA PROTEC
TION 

• SHORT CIRCUIT AND THERMAL OVER
LOAD PROTECTION 

The L4901 A is a monolithic law drop dual 5V 
regulator designed mainly tor supplying micro
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Heptawatt 

ORDERING NUMBER: L4901A 

DC input voltage 24 v 
v Transient input overvoltage (t = 40 ms) 60 

_T~i ______ S_t_o_ra_g __ ean_d_i_u_nc_t_io_n_t_em __ pe_r_at_u_re ____________________ ~------4_0_to __ 15_o _____ o_c 
10 Output current internally limited I 
BLOCK DIAGRAM 

4 

June 1988 

:r 

r:~=~--_j_L_-{) RESET 
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CONNECTION DIAGRAM 
(Top view) 

_r--""l._ 

$-
~ 

PIN FUNCTIONS 

No NAME 

INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 

THERMAL DATA 

~ 
6 

5 

' 
3 

2 

_;p::y.,_ I 

S-7768 

OUTPUT 1 
OUTPUT 2 

RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 

INPUT 1 

FUNCTION 

Low quiescent current 400mA regulator input. 

400mA regulator input. 

L4901A 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 0)1A constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches 5V the reset output is switched high. 
sv ·, 

Therefore tRo = C1 ( 1 OJ1A ); tR~ (ms) = C1 (nF) 

SV - 400mA regulator output. Enabled. if V0 1 > V RT 
and V IN 2 > VIT· .If Reg. 2 is switched-OFF the C02 

capacitor is discharged. 

5V - 400mA regulator output with low leakage (in 
switch-OFF condition). 

Rth )-case Thermal resistance junction-case max 4 

---------------------------~~~~~~~~~~~~ ------------------------~3/~9 
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L4901A 

TEST CIRCUIT 

,-------,7 
vi 1 n--...... ----'--f 

2 

o.1fFI 

5 -9348/i 

~------~~o-

6 

5 RESET 

3 
1..7 fF 

I I''fF 

ELECTRICAL CHARACTERISTICS (V 1N 1 = V1N 2 = 14,4V, Tamb = 25°C unless otherwise 
specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

v, DC operating input voltage 20 v 

Vol Output voltage 1 R load 1 K.n 4.95 5.05 5.15 v 
Vo2H Output voltage 2 HIGH R load 1 K.\1 V01 -0.1 5 Vol v 
Vo2L Output voltage 2 LOW 102 = -5mA 0.1 v 
lo1 Output current 1 LWo1 = -100mV 400 mA 

ILOl Leakage output 1 current VIN = 0 1 p.A 
v01 <;; 3V 

loz Output current 2 11Vo2 = -100mV 400 mA 

V;o1 Output 1 dropout voltage (*) lo1 = 10mA 0.7 0.8 v 
lo1 = 100mA 0.8 1 v 
lo1 = 300mA 1 .1 1.4 v 

V;T Input threshold voltage Vo1+1.2 6.4 V01+ 1.7 v 
VITH Input threshold voltage hyst. 250 mV 

11Vol Line regulation 1 7V < VIN < 18V 

lo1 = 5mA 5 50 mV 

11Vo2 Line regulation 2 lo2 = 5mA 5 50 mV 

11Vol Load regulation 1 
5mA < lo1 < 400mA 50 100 mV 

11V02 Load regulation 2 5mA < lo2 < 400mA 50 100 mV 

IQ Quiescent current 0 < V1N < 13V 4.5 6.5 mA 
7V<V;N<13V 1.6 3.5 mA 
lo2 = 101 .;; 5mA 

IQl Quiescent current 1 6.3V < VINl < 13V 0.6 0.9 mA 
VIN~ = 0 
101 ~ 5mA loz = o 

_4/:_9 _____________ I.V ~~~~m?1l~:~~©~ _____________ _ 
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L4901A 

ELECTRICAL CHARACTERISTICS ,(continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage Vo2-0.15 4.9 v02-0.05 v 

VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 500J.LA Vo2-1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 

tRD Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge Ct = 10nF 20 J.LS 
time 

~'>Vol Thermal drift -20°C < Tamb < 125°C 0.3 mV/°C 
L'>T -0.8 

L'>Vo2 Thermal drift -20°C < Tamb < 125°C 0.3 mV/°C 
L'>T -0.8 

SVR1 Supply voltage rejection f = 100Hz VR = 0.5V 
10 = 100mA 

50 84 dB 

SVR2 Supply voltage rejection 50 80 dB 

TJSD Thermal shut down 150 oc 

*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for pP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4901A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ· 
ate inputs pi us a reset output for the data save 
function. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (VR) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 

- an input overvoltage 

- an overload on the output 1 (V01 < VRT); 
- a switch off (V1N < V1T- VITH); 

and they start again as before when the con· 
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

5V internal reference without voltage divider 
between the output and the error comparator; 

very low drop series regulator element util
izing current mirrors; 

permit high output impedance and then very 
low leakage current error even in power down 
condition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al
lowing the use of a back-up battery. The V01 

---------------------------- ~~~~~~?v~:~~~~ --------------------------~S/~9 
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L4901A 

CIRCUIT OPERATION (continued) 

regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V 1 regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must bs powered 

Fig. 1 

down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only in correct power conditions, or as a "BACK
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in
terrupted. 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 
THERMAL 
SHUT SWITCH 

OVERLOAD OVERLOAD DOWN OFF 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a 11P 
system typically used in trip computers or in 
car radios with programmable tuning. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 4 shows the L4901 A with a back up battery 
on the V01 output to maintain a CMOS time-of
day clock and a stand by type N-MOS JlP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit ana the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 
In this case the main on-off switch disconnects 
both regulators from the supply battery. 

The L4901 A is also ideal for microcomputer sys
tems using battery backup CMOS static RAMs. 
As shown in fig. 5 the reset output is used both to 
disable the 11P and, through the address decoder 
M74HC138, to ensure that the RAMS are disabled 
as soon as the main supply starts to fall. 

Another interesting application of the L4901A is 
in JlP system with shadow memories. (see fig. 6) 

When the input voltage goes below V1T, the 
reset output enables the execution of a routine 
that saves the machine's state in the shadow 
RAM (xicor x 2201 for example). 

Thanks to the low consumption of the Reg. 1 
a 680/lF capacitor on its input is sufficient to 
provide enough energy to complete the operation. 
The diode on the input guarantees the supply 
of the equipment even if a short circuit on V 1 
occurs. 

_6!_9 ___________ W'§ SCS·THOMSON -----------
.,, iiJilu©OO©~~~©'ii"OO©~ul!';~ 
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APPLICATION SUGGESTION (continued) 

Fig. 2 

BATTERY 

~ 

IN\ 

Cl 
o.22pFI 

REG.\ 

REG. 2 

C3 

lOnF I l4901 A 5 RESET OUT 

4 

Fig. 3 - P. C. board component layout of fig. 2 ( 1 : 1 scale) 
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L4901A 

APPLICATION SUGGESTION (continued) 

Fig. 4 
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APPLICATION SUGGESTION (continued) 

Fig. 6 
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Fig. 7 - Quiescent current 
(Reg. 1) vs. output current 
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L4902A 

DUAL 5V REGULATOR WITH RESET AND DISABLE 

e DOUBLE BATTERY OPERATING 

• OUTPUT CURRENTS: 101 = 300mA 
102 = 300mA 

• FIXED PRECISION OUTPUT VOLTAGE 5V 
±2% 

e RESET FUNCTION CONTROLLED BY IN
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

8 RESET FUNCTION EXTERNALLY PRO
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

• OUTPUT 2 DISABLE LOGICAL INPUT 

• LOW LEAKAGE CURRENT, LESS THAN 
1!-LA AT OUTPUT 1 

e RESET OUTPUT NORMALLY HIGH 

ABSOLUTE MAXIMUM RATINGS 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Storage and junction temperature 

BLOCK DIAGRAM 

June 1988 
4 

• INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 

• OUTPUT TRANSISTORS SOA PROTEC
TION 

e SHORT CIRCUIT AND THERMAL OVER
LOAD PROTECTION 

The L4902A is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro· 
processor systems. 
Reset and data save functions and remote switch 
on I off control can be realized. 

Heptawatt 

ORDERING NUMBER: L4902A 

'_.-78t.OIJ 

28 
60 

internally limited 
-40 to 150 

v 
v 

l/9 
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CONNECTION DIAGRAM 
(Top view) 

PIN FUNCTIONS 

No NAME 

INPUT 1 

2 TIMING CAPACITOR 

3 V02 DISABLE INPUT 

4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 

THERMAL DATA 

Thermal resistance junction-case 

5-7841 

OUTPUT 1 

OUTPUT2 

RESET 
GROUND 

DISABLE INPUT 
TIMING CAPACITOR 

INPUT 

FUNCTION 

Regulators common input. 

L4902A 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 5/lA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged. 

A high level (> V0 T) disable output Reg. 2. 

Common ground. 

When pin 2 reaches 5V the reset output is switched high. 
5V 

Therefore tRo = C1 ( 10/lA ); tRo (ms) = C1 (nF). 

5V - 300mA regulator output. Enabled if V0 1 > V RT· 
DISABLE INPUT < VoT and V1N > VIT· If Reg. 2 is 
switched-OFF the C02 capacitor is discharged. 

5V - 300mA. Low leakage (in switch-OFF condition) 
output. 

max 4 

---------------------------~~~~~~~~:~~~ ------------------------~3/9 
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L4902A 

TEST CIRCUIT 

v, 

2.2)JFI 

ELECTRICAL CHARACTERISTICS (V 1N = 14.4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ, Max. Unit 

v, DC operating input voltage 24 v 

Vol Output voltage 1 R load 1K.I?. 4.95 5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1 Kn V01 -0.1 5 Vol v 

Vo2L Output voltage 2 LOW 102 = -5mA 0.1 v 

lo1 Output current 1 max. ll Vol= -100mV 300 mA 

ILol Leakage output 1 current v,N = o 1 JJA 
V01 < 3V 

lo2 Output current 2 max. ll Vo2 = -100mV 300 mA 

V101 Output 1 dropout voltage (*) 101 = 10mA 0.7 0.8 v 
lo1 = 100mA 0.8 1 v 
101 = 300mA 1.1 1.4 v 

v,T Input threshold voltage V01 +1.2 6.4 V01 +1.7 v 

VITH Input threshold voltage 250 mV 
hysteresis 

ll Vol Line regulation 1 7V < VIN < 24V lo1 = 5mA 5 50 mV 

ll Vo2 Line regulation 2 lo2 = 5mA 5 50 mV 

ll Vol Load regulation 1 
80 mV 5mA < lo1 < 300mA 40 

ll Vo2 Load regulation 2 5mA < lo2 < 300mA 50 80 mV 

IQ Quiescent current 0 < V1N < 13V 4.5 6.5 mA 
7V < V1N < 13V V02 LOW 2.7 4.5 mA 
7V < V1N < 13V Vo2 HIGH 
lo1 = lo2 < 5mA 

1.6 3.5 mA 

VRT Reset threshold voltage v 02 -0.15 4.9 v 02 -o.os v 

VRTH Reset threshold hysteresis 30 50 80 mV 

~4/~9-------------------------- ~~~~~~?v~~~~©~ ----------------------------
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L4902A 

ELECTRICAL CHARACTERISTICS (continued) 

Para muter Test Conditions Min. Typ. Max. Unit. 

VRH Reset output voltage HIGH IR = 500!lA Vo2-1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -1mA 0.25 0.4 v 

tRo Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge 
time 

Ct = 10nF 20 j.tS 

VoT Vo2 disable threshold voltage 1.25 • 2.4 v 

lo Vo2 disable input current Vo..:; 0.4V -150 !lA 
V0 ;;. 2.4V -30 !lA 

t. Vo1 Thermal drift -20°C..:: Tamb..:; 125°C 0.3 mV/"C 
AT -0.8 

t. Vo2 
Thermal drift -20°C..:; Tamb..:; 125°C 0.3 mV/°C 

liT -0.8 

SVR1 Supply voltage rejection f =100Hz VR=0.5V 10 = 100mA 50 84 dB 

SVR2 Supply voltage rejection 50 80 dB 

TJso Thermal shut down 150 oc 
*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 

lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for JJ.P systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4902A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both SV high precision) with common 
inputs plus a reset output for the data save func
tion and a Reg. 2 disable input. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (VR) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 
- a high level (> V0 T) is applied on pin 3; 

an input overvoltage; 
an overload on the output 1 (V01 < VRT); 
a switch off (V1N < VIT- VITHl; 

and they start again as before when the con
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

SV internal reference without voltage divider 
between the output and the error comparator 

very low drop series regulator element util-
izing current mirrors · 

permit high output impedance and then very 
low leakage current even in power down con
dition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al
lowing the use of a back-up battery. 

------------lifi ~~~@m=a~ --------------'-519 
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L4902A 

CIRCUIT OPERATION (continued) 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 

Fig. 1 

only in correct power conditions, or as a "BACK
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in
terrupted. 
The disable function can be used for remote 
on/off control of circuits connected to the V02 
output. 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 1~n~MAL Vo2 SWITCH 
OVERLOAD OVERLOAD DOWN DISABLE OFF S-784212 

APPLICATION SUGGESTION 

Fig. 2 illustrate how the L4902A's disable input 
may be used in a CMOS pComputer application. 

The V01 regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS pcomputer chip with volatile memory. 
V02 output, supplying non-essential circuits, is 
turned OFF under control of a pP unit. 

Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 

Another application for the L4902A is supplying a 
shadow-ram microcomputer chip (SGS M38SH72 
for exemple) where a fast NV memory is backed 
up on chip by a EEPROM when a low level on 

124 

the reset output occurs. 

By adding two CMOS-SCHMIDT-TRIGGER 
and few external components, also a watch dog 
function may be realized (see fig. 5). During 
normal operation the microsystem supplies a 
periodical pulse waveform; if an anomalous 
condition occours (in the program or in the 
system), the pulses will be absent and the disable 
input will be activated after a settling time de
termined by R 1 C1. In this condition all the 
circuitry connected to V02 -will be disabled, 
the system will be restarted with a new reset 
front. 

The disable of V02 prevent spurious operation 
during microprocessor malfunctioning. 



APPLICATION SUGGESTION (continued) 

Fig. 2 
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Fig. 3- P.C. board and component layout of the circuit of Fig. 2 (1 : 1 scale) 

C1 

0 
C3 C4 

00 
C2 

c::::> 

CS-0243 

GND DIS. OUT2 GND 

L4902A 

CMOS 
CLOCK 

CMOS 
,uP WITH 
VOLATILE 

RAM 

OTHER 
LOGIC 

<3 sv 

______________ l:fj ~~~©JH?v~:~~~, ----~---------'-'71.:.9 
125 



L4902A 

APPLICATION SUGGESTION (continued) 

Fig. 4 
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APPLICATION SUGGESTION (continued) 

Ia 
(rnA) 

Fig. 6 - Quiescent current 
vs. output current 
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rejection regulators 1 and 2 
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L4903 

DUAL SV REGULATOR WITH RESET AND DISABLE FUNCTIONS 

e OUTPUT CURRENTS: 101 = 50mA 
102 = 100mA 

e FIXED PRECISION OUTPUT VOLTAGE 
5V ±2% 

e RESET FUNCTION CONTROLLED BY IN
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

e RESET FUNCTION EXTERNALLY PRO
GRAMMABLE TIMING 

e RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

e OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

e OUTPUT 2 DISABLE LOGICAL INPUT 

e LOW LEAKAGE CURRENT, LESS THAN 
1JLA AT OUTPUT 1 

• INPUT OVERVOL TAGE PROTECTION UP 
TO 60V 

ABSOLUTE MAXIMUM RATINGS 

VIN 

Vt 
Ptot 
T 519 , Ti 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Power dissipation at Tamb= 50°C 
Storage and junction temperature 

BLOCK DIAGRAM 

n 1 

.-. 2 
~ 

J 
.-. 5 J 
.~ 

I DISABLE DIS 

I THERMAL 
PROTECTION 

.J; 
June 1988 

• RESET OUTPUT NORMALLY LOW 

e OUTPUT TRANSISTORS SOA PROTEC
TION 

• SHORT CIRCUIT AND THERMAL OVER
LOAD PROTECTION 

The L4903 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro
processor systems. 

Reset, data save functions and remote switch 
on/off control can be realized. 

REG. 1 

REG. 2 

~ 
DELAYED 

RESET 

Minidip Plastic 

ORDERING NUMBER: L4903 

1 

24 
60 

1 
-40 to 150 

8 Vol 

7 Voz 

6 roo RES ET 

NG 3 -0 TIM I 

s-,41612 

v 
v 
w 
oc 
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L4903 

SCHEMATIC DIAGRAM 
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CONNECTION DIAGRAM 
(Top view) 

INPUT 1 

INPUT 2 

GND 

PIN FUNCTIONS 

No NAME 

INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

5 V02 DISABLE INPUT 

6 RESET OUTPUT 

7 OUTPUT 2 

8 OUTPUT 1 

THERMAL DATA 

5-9417 

OUTPUT I 

RESET 
OUTPUT 

Voz 
DISABLE 

INPUT 

FUNCTION 

Low quiescent current 50mA regulator input. 

1 OOmA regulator input. 

L4903 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10/lA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged. 

Common ground. 

A high level (> VoT) disables output Reg. 2. 

When pin 3 reaches 5V the reset output is switched low. 
5V 

Therefore tRo = Ct t1011Al; tRo (ms) = Ct (nF). 

5V - 1 OOmA regulator output. Enabled if V0 1 > VRT· 
DISABLE INPUT< VoT and V,N 2 > VIT· If Reg. 2 is 
switched OFF the C02 capacitor is discharged. 

5V - 50mA regulator output with low leakage in switch-
OFF condition. 

Rth j-pln 

Rthj-amb 

Thermal resistance junction-pin 4 
Thermal resistance junction-ambient 

max 
max 

70 
100 

----------------------------~~~~~~?v~:~~~ --------------------------~3~!7 
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L4903 

TEST CIRCUIT 

s- 1418 

P.C. board and components layout 
of the test circuit (1 : 1 scale) 

GND DIS. RS V02 V01 

ELECTRICAL CHARACTERISTICS (V 1N = 14,4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

V; DC operating input voltage 20 v 

Vol Output voltage 1 R load 1 K!1 4.95 5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1 K!1 v 01 -0.1 5 Vol v 

Vo2L Output voltage 2 LOW 102 ~ -5mA 0.1 v 

lo1 Output current 1 max. (*) to V01 = -100mV 50 mA 

ILol Leakage output 1 current v 1N = o 1 p.A 
v 01 .;;; 3V 

lo2 Output current 2 max. (*) toV02 = -100mV 100 mA 

V101 Output 1 dropout voltage(*) 101 ~ 10mA 0.7 0.8 v 
101 =SOmA 0.75 0.9 v 

viT Input threshold voltage v 01 +1.2 6.4 v 01 + 1.7 v 

VITH Input threshold voltage 250 mV 
hysteresis 

to Vol Line regulation 1 7V < V 1N < 18V lo1 ~ 5mA 5 50 mV 

toVo2 Line regulation 2 lo2 ~ 5mA 5 50 mV 

to Vol Load regulation 1 VINl ~ 8V 5mA < 101 <SOmA 5 20 mV 

toVoz Load regulation 2 5mA < 102 < 100mA 10 50 mV 

IQ Quiescent current O<VIN<13V 4.5 6.5 mA 
7V<VIN<13V V 02 LOW 2.7 4.5 mA 
7V < V 1N < 13V V 02 HIGH 1.6 3.5 mA 
lo1 ~ 102 .;;; 5mA 

IQl Quiescent current 1 6.3V < V 1N 1 < 13V 
VIN2 ~ 0 0.6 0.9 mA 
101 < 5mA lo2 = o 

_41_7 ___________________________ ~~~~~~~v~:~~©~ ----------------------------
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L4903 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage Vo2·0.4 4.7 v02 -0.2 v 

VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR ; 500pA Vo2·1 4.12 Vo2 v 

VRL Reset output voltage LOW IR; -5mA 0.25 0.4 v 

tRD Reset pulse delay Ct ; 10nF 3 5 11 ms 

td Timing capacitor discharge Ct ; 10nF 20 jlS 

time 

VoT Vo2 disable threshold voltage 1.25 2.4 v 

lo V02 disable input current V0 ,;;; 0.4V -150 pA 
V0 ;;> 2.4V 30 pA 

ll Vol Thermal drift -20°C .;;; Tamb .;;; 125°C 0.3 mV/°C 
t.T -0.8 

ll Va2 Thermal drift -20°C,;;; Tamb.;;; 125°C 0.3 mvrc 
liT -0.8 

SVR1 Supply voltage rejection f;100Hz VR; 0.5V 10 ; 50mA 50 84 dB 

SVR2 Supply voltage rejection 10 ; 100mA 50 80 dB 

TJSD Thermal shut down 150 oc 
• The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 

lowered of 25mV under constant output current conditions. 

APPLICATION INFORMATION 
In power supplies for 11P systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4903 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separate 
inputs plus a reset output for the data save func· 
tion and Reg. 2 disable input. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 rises 
to the nominal value. 
When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 and VR) 
switches on and the reset output (VR) goes low 
after a programmable timeT RD (timing capacitor). 

V02 is switched at low level and VR at high level 
when one of the following conditions occurs: 

a high level (> V0 T) is applied on pin 5; 
an input overvoltage; 
an over I oad on the output 1 (V01 < V RT); 
a SWitch Off (VIN < VIT- VITH ); 

and they start again as before when the condi· 
tion is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 
5V internal reference without voltage divider 
between the output and the error comparator 

very low drop series regulator element util· 
izing current mirrors 

permit high output impedance and then very 
low leakage current even in power down con
ditions. 
This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al
lowing the use of a back-up battery. 
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L4903 

CIRCUIT OPERATION (continued) 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 

Fig. 1 
VIN,V01.Vo 

VINI= VIN 2 

vn 
VOl 

VRT 

Vor 
Vo2.vR 

only in correct power conditions, or as a "BACK
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in· 
terrupted. 
The disable function can be used for remote 
on/off control of circuits connected to the V02 
output. 

VITH 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN ~~~~MAL V02 SWITCH 
OVERLOAD OVERLOAD DOWN DISABLE OFF 

APPLICATION SUGGESTION 

Fig. 2 illustrates how the L4903's disable input 
may be used in a CMOS J.LComputer application. 

The V01 regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS J.Lcomputer chip with volatile memory. 
V02 output, supplying non-essential circuits, is 

Fig. 2 
INI 

BATTERY 

.I. 

turned OFF under control of a JlP unit. 

Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 

OTHER 
LOGIC 

~sv c, 
lOnF I l4903 6 RESET OUT RESET 
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APPLICATION SUGGESTIONS (continued) 

Fig. 3 - Quiescent current 
(Reg, 1) vs. output current 

lol 
( m A)I-+-1-+-J++-1--+--J-+-1-+-1-H-1 

Ia 
(mA ) 

25 50 IQJ(mAl 

Fig. 5 -- Total quiescent 
current vs. input voltage 
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Fig. 4 - Quiescent current 
(Reg. 1) vs. input voltage 
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Fig. 6 - Supply voltage re
jection regulators 1 and 2 
vs. input ripple frequence 
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L4904A 

DUAL SV REGULATOR WITH RESET 

• OUTPUT CURRENTS: 101 = 50mA 
102 = 100mA 

• FIXED PRECISION OUTPUT VOLTAGE 
5V ± 2% 

• RESET FUNCTION CONTROLLED BY IN
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

• RESET FUNCTION EXTERNALLY PRO
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

• LOW LEAKAGE CURRENT, LESS THAN 
1/.!A AT OUTPUT 1 

• LOW QUIESCENT CURRENT (INPUT 1) 

• INPUT OVERVOL TAGE PROTECTION UP 
TO 60V 

ABSOLUTE MAXIMUM RATINGS 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Outp.ut current 
Power dissipation at Tamb = 50°C 
Storage and junction temperature 

BLOCK DIAGRAM 

June 1988 

e RESET OUTPUT NORMALLY HIGH 

• OUTPUT TRANSISTORS SOA PROTEC
TION 

• SHORT CIRCUIT AND THERMAL OVER
LOAD PROTECTION 

The L4904A is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Minidip Plastic 

ORDERING NUMBER: L4904A 

24 
60 

internally limited 
1 

-40 to 150 

r:~=-..-~~0 RESET 

L~~J-f'--OTIMING 

5-9411/1 

v 
v 

w 
oc 

l/8 
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CONNECTION DIAGRAM 
(Top view) 

PIN FUNCTIONS 

No NAME 

INPUT 1 

2 INPUT 2 

INPUT 1 

INPUT 2 

GND 

3 TIMING CAPACITOR 

4 GND 

6 RESET OUTPUT 

7 OUTPUT 2 

8 OUTPUT 1 

THERMAL DATA 

e OUTPUT! 

7 OUTPUT 2 

6 
RESET 

OUTPUT 

N.C. 

FUNCTION 

Low quiescent current SOmA regulator input. 

100mA regulator input. 

L4904A 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 0/lA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches SV the reset output is switched high. 
SV 

Therefore tRo = C1 ( 1011A ); tRo (ms) = C1 (nF). 

SV - 100mA regulator output. Enabled if Vo 1 > VRT 
and V1N 2 > V1T. If Reg. 2 is switched-OFF the C02 

capacitor is discharged. 

SV - SOmA regulator output with low leakage in switch-
OFF condition. 

RthJ-amb Thermal resistance junction-ambient max 100 

-------------~ ~~~~mgrtfalt ____________ a_;s 
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L4904A 

TEST CIRCUIT 

8 

P.C. board and components layout 
of the test circuit (1 : 1 scale) 

L4904A 6 RESET 

5-9£1311 

ELECTRICAL CHARACTERISTICS (V 1N = 14,4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. l\llax. Unit 

v, DC operating input voltage 20 v 

Vol Output voltage 1 R load 1Kn 4.95 5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1 Kn Vol -0.1 5 Vol v 

Vo2L Output voltage 2 LOW lo2 = -5mA 0.1 v 

lo1 Output current 1 b Vol = -100mV 50 mA 

ILol Leakage output 1 current v 1N = o 1 llA 
V 01 <: 3V 

lo2 Output current 2 6Vo2 = -100mV 100 mA 

V1o1 Output 1 dropout voltage (*) lo1 = 10mA 0.7 0.8 v 
lo1 = 50mA 0.75 0.9 v 

v,T Input threshold voltage v 01 +1.2 6.4 v 01 +1.7 v 

VITH Input threshold voltage hyst. 250 mV 

6Vo1 Line regulation 7V < V 1N < 18V lo1 = 5mA 5 50 
mV 

6Vo2 Line regulation 2 lo2 = 5mA 5 50 

6Vo1 Load regulation 1 V 1N = 8V 5mA < 101 < 50mA 5 20 
mV 

6Vo2 Load regulation 2 5mA < lo2 < 100mA 10 50 

IQ Quiescent current 0 < V 1N < 13V 4.5 6.5 mA 
7V<VIN<13V 1.6 3.5 mA 
lo2 = lo1 < 5mA 

IQl Quiescent current 1 6.3V < VINl < 13V 0.6 0.9 mA 
V1N2 = 0 
101 <: 5mA lo2 = 0 

,;,:.41-=-8 _____________ ~ ~~~©m?v~~~~~~ _____________ _ 
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L4904A 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage V02-0.15 4.9 v02-o.os v 

VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 5001'A Vo2-1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 

tRo Reset pulse delay Ct = 10nF 3 11 ms 

td Timing capacitor discharge 
time 

Ct= 10nF 20 jlS 

!!.Vol Thermal drift -20°C <:; Tamb <:; 125°C 0.3 mvrc 
I!.T -0.8 

t.Vo2 Thermal drift -20°C <:; Tamb <:; 125°C 0.3 mvrc 
I!.T -0.8 

SVR1 Supply voltage rejection 10 =SOmA 50 84 dB 
f = 100Hz 

SVR2 Supply voltage rejection 
VR = 0.5V 

10 = 100mA 50 80 dB 

TJso Thermal shut down 150 oc 

• The dropout voltage 1s defmed as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for JlP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4904A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (booth 5V high precision) with separ
ate inputs plus a reset output for thP. data save 
function. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (VR) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 
- an input overvoltage 

- an overload on the output 1 (V01 < VRT); 
- a switch off (VIN < V1T- VITH); 

and they start again as before when the con
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

5V internal reference without voltage divider 
between the output and the error comparator; 

very low drop series regulator element util
izing current mirrors; 

permit high output impedance and then very 
low leakage current even in power down con
ditions. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al
lowing the use of a back-up battery. The V01 
regulator also features low consumption (0.6mA 
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L4904A 

CIRCUIT OPERATION (continued) 

typ.) to minimize battery drain in applications 
where the V 1 regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits which may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 

Fig. 1 

voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only in correct power conditions, or as a "BACK
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in· 
terrupted. 

h 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 
THERMAL 
SHUT SWITCH 

OVERLOAD OVERLOAD DOWN OFF 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a 1-1P 
system. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 

Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 3 shows the L4904A with a back up battery 

on the V01 output to maintain a CMOS time-of
day clock and a stand by type C-MOS /lP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 

In this case the main on-off switch disconnects 
both regulators from the supply battery. 

_G!_B _________________________ ~~~~©~&~:~~ ---------------------------
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L4904A 

APPLICATION SUGGESTIONS (continued) 

Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset 
output provide delayed rising front at the turn-off of the regulator 2. 

Fig. 2 

INI 
REG. I 

8 

Ft o.22,..FI 

CMOS 
pP WITH 

IN2 VOLATILE 
RESET RAM REG. 2 

lpFI 
Yoo 

OTHER 
LOGIC 

CT @sv 
IOnF I L4904A 6 RESET OUT RESET 

4 
s- 9,,,,, 

Fig. 3 

OUT 1 I LOI < I pA INI I 8 VDD . I CMOS 

0.22pF ± REG. I r 

:k ·~ 
CLOCK v 

J:!pF -;:!::- Vse 

I. BACKUP 
BATTERY pP 

IN 2 2 7 OUT2 Yoo WITH BP.TTERY 

4.7pF± 

REG. 2 

~ 1to10J.JF 
BACKUP 

I RESET RAM 

3 Voo 

cT~ L4904A 6 
OTHER LOGIC 

RESET OUT RESET @ sv 
IOnF I 

-:I s- s L1St1 
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L4904A 

APPLICATION SUGGESTIONS (continued) 

Fig. 4 - Quiescent current 
(Reg. 1) vs. output current 

101 r.--r-T"T-r-ro-.--,--,-.--,--,H"i'-'1 
(mAlf-++H+H+-H+-HH-+-1 

I Ia to 
(rnA) 

25 

Fig. 6 - Total quiescent cur
rent vs. input voltage 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. input voltage 
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Fig. 7 - Supply voltage 
rejection regulators 1 and 2 
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l4905 

DUAL 5V REGULATOR WITH RESET 

e DOUBLE BATTERY OPERATING 

e OUTPUT CUR RENTS: 101 =200m A 

lo2 =300mA 

e FIXED PRECISION OUTPUT VOLTAGE 5V 
± 1% 

e RESET FUNCTION CONTROLLED BY IN
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

e RESET FUNCTION EXTERNALLY PRO
GRAMMABLE TIMING 

o RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

e OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

e LOW LEAKAGE CURRENT, LESS THAN 
1/lA AT OUTPUT 1 

e LOW OUIESCIENT CURRENT (INPUT 1) 

e INPUT OVERVOLTAGE PROTECTION UP 
T060V 

ABSOLUTE MAXIMUM RATINGS 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Storage and junction temperature 

BLOCK DIAGRAM 

4 

June 1990 

e RESET OUTPUT HIGH 

o OUTPUT TRANSISTORS SOA PROTEC
TION 

e SHORT CIRCUIT AND THERMAL OVER
LOAD PROTECTION 

The L4905 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Heptawatt 

ORDERING NUMBER: L4905 

28 
60 

internally limited 

r:~::::I-----W~O RESET 

L~::....J-1'--U Tl MIN G 

-40 to 150 

v 
v 

oc 
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CONNECTION DIAGRAM 
(Top view) 

~ 

$-
'---t....__r-

PIN FUNCTIONS 

NAME 

INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 

THERMAL DATA 

'Y'; 
6 

5 

L 

3 

2 

~ 
5-7768 

OUTPUT 1 
OUTPUT 2 

RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 

INPUT 1 

FUNCTION 

Low quiescent current 200mA regulator input. 

300mA regulator input. 

L4905 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 011A constant current. When Reg. 2 is switch
ed-0 F F the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches 5V the reset output is switched high. 
5V 

Therefore tRo = C1 ( 1 OJ1A ); tRo (ms) = Ct (nF) 

5V - 300mA regulator output. Enabled if V0 1 > V RT 
and V 1N 2 > V1T· If Reg. 2 is switched-OFF the C02 

capacitor is discharged. 

5V - 200mA regulator output with low leakage (in 
switch-OFF condition). 

Thermal resistance junction-case max 4 

------------ ID'J SGS·TliOMSON ___________ 3::..::,/8 
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L4905 

TEST CIRCUIT 

vi, n--+-----'-1 

7 

G 

5 RESET 

3 
4.7 fF 

I r··P· 
S-934B{i 

ELECTRICAL CHARACTERISTICS (V 1N 1 
specified) 

14,4V, Tamb 

Parameter Test Conditions Min. 

v, DC operating i11put voltage 

Vo1 Output voltage 1 R load 1Kn 5.0 

Vo2H Output voltage 2 HIGH R load 1Kn v01 -o.1 

Vo2L Output voltage 2 LOW 102 = -5mA 

lo1 Output current 1 AVol =-100mV 200 

ILol Leakage output 1 current VrN = 0 
V01 .;;; 3V 

lo2 Output current 2 AV02 = -100mV 300 

Vrol Output 1 dropout voltage I*) lo1 = 10mA 
101 = 100mA 
lo1 = 200mA 

VIT Input threshold voltage v01+1.2 

VITH Input threshold voltage hyst. 

A Vol Line regulation 1 7V < VIN < 24V 

lo1 = 5mA 

.O.Vo2 Line regulation 2 l02 = 5mA 

A Vol Load regulation 1 
5mA < lo1 < 200mA 

AVo2 Load regulation 2 5mA < lo2 < 300mA 

IQ Quiescent current 0 < V 1N < 13V 
7V < VrN < 13V 
lo2 = lo1 .;;; 5mA 

IQl Quiescent current 1 6.3V < VrN 1 < 13V 
VINl\; = 0 

lo2 =o 101 5mA 

25° unless otherwise 

Typ. Max. Unit 

24 v 
5.05 5.1 v 

5 Vo1 v 
0.1 v 

.mA 

1 IJ.A 

mA 

0.7 0.8 v 
0.8 1 v 
1.05 1.3 

6.4 Vol+ 1.7 v 
250 mV 

5 50 mV 

5 50 mV 

40 80 mV 

50 100 mV 

4.5 6.5 mA 
1.6 3.5 mA 

0.6 0.9 mA 

""'4,_a _____________ ~ ~~tm~~:~~li --------------
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L4905 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage V02-o.15 4.9 V02-0.05 v 

VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 5001LA Vo2-1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 

tRo Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge Ct = 10nF 20 ILS 
time 

A Vol Thermal drift -20°C.;; Tamb.;; 12.5°C 0.3 mV/°C 
AT -0.8 

AVo2 Thermal drift -20°C.;; Tamb.;; 125°C 0.3 mV/°C 
AT -0.8 

SVR1 Supply voltage rejection f = 100Hz VR = 0.5V 54 84 dB 
10 = 100mA 50 

SVR2 Supply voltage rejection 50 80 dB 

TJso Thermal shut down 150 oc 

*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for 11P systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4905 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ
ate inputs plus a reset output for the data save 
function. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (VR) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 

- an input overvoltage. 

- an overload on the output 1 (V01 < VRT); 
- a switch off (V1N < V1T- V1TH); 

and they start again as before when the con
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

5V internal reference without voltage divider 
between the output and the error comparator; 

very low drop series regulator element util
izing current mirrors; 

permit high output impedance and then very 
low leakage current error even in power down 
condition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al
lowing the use of a back-up battery. The Vol 
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L4905 

CIRCUIT OPERATION (continued) 

regulator also features low consumption (0.6mA 
typ . .) to minimize battery drain in applications 
where the V 1 regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 

Fig. 1 

down to prevent uncorrect operation for supply 
voltages below the minimum value. · 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only .in correct power conditions, or as a "BACK
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in
terrupted. 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 
THERMAL 
SHUT SWITCH 

OVERLOAD OVERLOAD DOWN OFF 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a JlP 
system typically used in trip computers or in 
car radios with programmable tuning. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 4 shows the L4905 with a back up battery 
on the V01 output to maintain a CMOS time-of
day clock and a stand by type N-MOS JlP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 
In this case the main on-off switch disconnects 
both regulators from the supply battery. 

~6/~8------------------------- ~~~~©~?~:~~~ ---------------------------
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APPLICATION SUGGESTION (continued) 

Fig. 2 
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l. o.22.uFI 

-- IN2 
2 

~ 

C2± 

REG. 2 

1,uF 

3 

c~ 
10nF I L4905 
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::b 1 to 10,uf \ Ics 
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Fig. 3- P.C. board component layout of fig. 2 (1 : 1 scale) 
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L4905 

APPLICATION SUGGESTION (continued) 

Fig. 4 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. output current 
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Fig. 6 - Quiescent current 
(Reg. 1) vs. input voltage 

Fig. 7 -Total quiescent cur
rent vs. input voltage 
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L4915 

ADJUSTABLE VOLTAGE REGULATOR PLUS FILTER 

• OUTPUT VOLTAGE ADJUSTABLE FROM 
4 TO 11V 

• HIGH OUTPUT CURRENT (UP TO 250mA) 

• HIGH RIPPLE REJECTION 

• HIGH LOAD REGULATION 

• HIGH LINE REGULATION 

• SHORT CIRCUIT PROTECTION 

• THERMAL SHUT DOWN WITH HYS
TERESIS 

• DUMP PROTECTION 

This circuit combines both a filter and a voltage 
regulator in order to provide a high ripple rejec
tion over a wide input voltage range. 

BLOCK DIAGRAM 

REF 

A- supervisor low-pass loop of the element pre
vents the output transistor from saturation at 
low input voltage. 

The non linear behaviour of this control circuitry 
allows a fast settling of the filter. 

Power Minidip 
(4 + 4) 

ORDERING NUMBER: L4915 

'---------+-----------=-{) ADJUST 

June 1988 

THERMAL 
PROTECT. 

5-B 
'-----------~~-------+-----------QGND 

S-7691..11 

l/5 
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L4915 

ABSOLUTE MAXIMUM RATINGS 

Peak input voltage (300ms) 
DC input voltage 
Output current 
Power dissipation 
Storage and junction temperature 

CONNECTION DIAGRAM 
(Top view) 

Fig. 1 - Application circuit 

INPUT VOLTAGE 1 

FILTERING 
CAPACITOR 

ADJUST 

OUTPUT 4 

I 

5·7895 

2.S(R1+R2) 
*OUTPUT VOLTAGE V0 : ------

R2 

THERMAL DATA 

Thermal resistance junction-ambient 
Thermal resistance junction-pins 

GROUND 

40 
28 

internally limited 
internally limited 

-40 to 150 

5-7896/2 

max 
max 

80 
20 

v 
v 

;:::,21:.;:5 ____________ /iii ~~~©n&g~:~~lj -------------
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L4915 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, V1 = 13.5V, V0 = 8.5V, circuit of Fig. 1, 
unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

V; Input voltage 20 v 

Vo Output voltage V1=6to18V 4 11 v 
10 = 5 to 150m A 

f),VI/0 Controlled input-<>utput 10 = 5 to 150mA 1.6 2.1 v· 
dropout voltage V 1=6to10V 

f),Vo Line regulation V 1=12to18V 1 20 mV 
10 = 10mA 

/::,Vo Load regulation 10 = 5 to 250mA 50 100 mV 
t 0 n = 30!lS 
t 0 ff = ;> 1ms 

f),Vo Load regulation VI= 8.5V 150 250 mV 
(filter mode) 10 = 5 to 150mA 

t 0 n = 30!lS 
toff = ;> 1ms 

Vref Internal voltage reference 2.5 v 

lq Quiescent current 10 = 5mA 1 2 mA 

f),lq Quiescent current change V;=6to18V 0.05 mA 
10 = 5 to 150m A 

lAo Adjust input current 40 nA 

/::,Vo 
Output voltage drift 

f),T 
10 = 10mA 1.2 mV/°C 

SVR Supply voltage rejection Viae= 1Vrms 
f =100Hz 
10 = 150mA 

Regulator 71 dB 

Filter mode 35 (*) dB 

lsc Short circuit current 250 300 mA 

Ton Switch on time 10 = 150mA 
Filter mode 500 (*) ms 

Regulator 300 ms 

Ti Thermal shutdown 145 oc 
junction temperature 

(*) Depending of the CFT capacitor. 
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L4915A 

PRINCIPLE OF OPERATION 

During normal operation (input voltage upper 
than V1 MIN = VouT NOM + Li.V110 ). The device 
works as a normal voltage regulator built around 
the OP1 of the block diagram. 
The series pass element uses a PNP-NPN connec· 
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and 03, acting as an active zener diode of 
value VREF· 
In this condition the device works in the range 
(1) of the characteristic of the non linear drop 
control unit (see fig. 2). 
The output voltage is fixed to its nominal value: 

R1 
VouT NOM = VREF ( 1 + fl2) 

R1 
VcFT (1 + -) 

R2 

The ripple rejection is quite high (70dB) and in· 
dependent to eFT Value. 
On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula· 
tion transistors (series element) saturate bringing 
the system out of regulation and making it very 
sensible to every variation of the input voltage. 
On the contrary, a control loop on the L4915 
consents to avoid the saturation of the series 
element by regulating the value of the reference 
voltage (pin 2). In fact, whenever the input volt· 
age decreases below (V6MIN the supervisor loop, 
utilizing a non linear T A, forces the reference 
voltage at pin 2 to decrease by discharging eFT. 
So, during the stati~ mode, when the input volt· 
age goes below VMiN the drop out is kept fixed 

to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OT A 
characteristic. The ripple rejection is externally 
adjustable acting on eFT as follows: 

SVR (jn) =I v~~~ (j(~~) \ = 
1 + 

gm 

jweFT 

Where: 

10-6 

(1 + ~) 
R2 

gm = 2 • 10-5 n-1 = OTA'S typical transconduc· 
tance value on linear region 

R1 f" d . R2 = 1xe rat1o 

eFT = value of capacitor in 11F 

The reaction time of the supervisor loop is given 
by the transconductance of the OT A and by eFT· 
When the value of the ripple voltage is so high 
and its negative peak is fast enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OTA works in a higher transconductance 
condition [range (3) of the characteristic] and 
discharges the capacitor rapidously. 
If the ripple frequency is high enough the ca· 
pacitor won't charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device's again working 
as a filter (fast transient range). 
With eFI = 10J1F; f = 100Hz; V0 = 8.5V a 
SVR of ::!5 is obtained. 

Fig. 2 - Nonliner transfer characteristic of the drop control unit 

5-9617/2 3 2 

Normal operating range (high ripple rejection) 
Drop controlled range (medium ripple rejection) 
Fast discharge of CFT 

~4/~5-------------------------- ~~~~~~~¥~:~?~ ----------------------------
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l4915 

Fig. 3 Supply voltage 
rejection vs. input voltage 

Fig. 4 - Supply voltage 
rejection vs. frequency 

Fig. 5 - V0 vs. supply volt
age (V0 = 8.5V) 

10 ~150mA T 1:100Hl 
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Fig. 6 - Quiescent current 
vs. input voltage (V0 = 8.5V) 
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~ SGS·ntOMSON .. .., L ~D©OO@~[L~©IJ'OO©~D©~ l4916 

VOLTAGE REGULATOR PLUS FILTER 

e FIXED OUTPUT VOLTAGE 8.5V 

e 250mA OUTPUT CURRENT 

e HIGH RIPPLE REJECTION 

e HIGH LOAD REGULATION 

e HIGH LINE REGULATION 

e SHORT CIRCUIT PROTECTION 

e THERMAL SHUT DOWN WITH 
HYSTERESIS 

e DUMP PROTECTION 

This circuit combines both a filter and a voltage 
regulator in order to provide a high ripple rejec
tion over a wider input voltage range. 

BLOCK DIAGRAM 

ICFT 

June 1 g88 

A supervisor low-pass loop of the element pre
vents the output transi-stor from saturation at 
low input voltages. 

The non linear behaviour of this control circuitry 
allows a fast settling of the iilter. 

Power Minidip 
(4 +4) 

ORDER CODE: L4916 

<--4-::.....-<:; OUT 

Rl 

S-1712 

1/6 
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L4916 

ABSOLUTE MAXIMUM RATINGS 

VI 
VI 
lo 
Ptot 
T stg• Ti 

Peak input voltage (300 ms) 
DC input voltage 
Output current 
Power dissipation 
Storage and junction temperature 

CONNECTION DIAGRAM(top view) 

~ 
INPUT VOLTAGE 11 8 

FILTERING b CAPACITOR 

N.C 

OUTPUT 4 

THERMAL DATA 

Rth J-amb 

Rth]-plns 

Thermal resistance junction-ambient 
Thermal resistance junction pins 

6 

5 ~ 
5-7773 

GROUND 

40 
28 

internally limited 
internally limited 

-40 to 150 

max 
max 

80 
20 

v 
v 

oc 

°C/W 
°C/W 

::.!.2/~6 ___________ ID'J SGS·THOMSON ------------
.,, fi:j]O~oom~~~irOO©~o~~ 
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ELECTRICAL CHARACTERISTICS (Tamb = 25°C, V1 
otherwise specified) 

13.5V, Test circuit of fig. 1, uniPss 

Parameter Test Conditions Min. Typ. Max. Unit 

VI Input voltage 20 v 

Vo Output voltage V1 = 12 to 18V 8.1 8.5 8.9 v 
10 = 5 to 150mA 

/:,VI/0 Controlled input-output V1 = 5 to 10V 1.6 2.1 v 
dropout voltage 10 = 5 to 150mA 

t.Vo Line regulation v1 = 12 to 18V 1 20 mV 
10 = 10mA 

t.Vo Load regulation 10 = 5 to 250mA 50 100 mV 
t 0 n = 301's 
toff =;;. 1ms 

6V0 Load regulation V1 = 8.5V 150 250 mV 
(filter mode) 10 = 5 to 150mA 

t 0 n = 301'5 •. 
toff =;;. 1ms 

lq Ou iescent current 10 =5mA 1 2 mA 

61q Quiescent current change v1=6to18V 0.05 mA 
10 = 5 to 150mA 

t.Vo 
Output voltage drift 10 = 10mA 1.2 mV/°C 

t;T 

SVR Supply voltage rejection Viae= 1Vrms 
f =100Hz 
10 = 150mA 

V1oc = 12to18V 70 dB 
V IDC = 6 to 11 V 35 (*) dB 

lsc Short circuit current 250 300 rnA 

Ton Switch on time 10 = 150mA 
V1 =5to 11V 500 (*) ms 
v1 = 11 to 18V 300 ms 

TJ Thermal shutdown 145 oc 
junction temperature 

(*) Depending of the CFT capacitor. 

--------------I..V ~~~~m~1Y~~~~©~ ____________ ....::!.3,-=-6 
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L4916 

Fig. 1 - Test and Application Circuit 

41-------< 

5-8 2 

S-7774/2 

Fig. 2- P.C. board and component layout of fig. 1 (1 : 1 scale) 

CS-0262/2 

IN OUT 

--'-4~/6'---------------- ~ ~~~©!l1?v'tl~~~~ -------------
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PRINCIPLE OF OPERATION 

Durin!l normal operation (input voltage upper 
than VI MIN= VouT NOM+ 6.VI/O). The device 
works as a normal voltage regulator built around 
the OP1 of the block diagram. 
The series pass element use a PNP-NPN connec
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and 03, acting as an active zener diode of 
value VREF· 
In this condition the device works in the range 
(1) of the characteristic of the non linear drop 
control unit (see fig. 3). 
The output voltage is fixed to its nominal value: 

Rl 
R2 

VouT NOM= VREF (1 + ...B1..) = 
R2 

INTERNALLY FIXED RATIO = 2.4 

The ripple rejection is quite high (70 dB) and in
dependent from eFT value. 
On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula
tion transistors (series element) saturate bringing 
the system out of regulation making it very 
sensible to every variation of the input voltage. 
On the contrary, a control loop on the L4916 
consents to avoid the saturation of the series 
element by regulating the value of the reference 
voltage (pin 2). In fact, whenever the input volt
age decreases beloW V!MIN the supervisor loop, 
utilizing a non linear UTA, forces the reference 
VOltage at pin 2 tO decrease by discharging eFT. 

L4916 

So, during the static mode, when the input volt
age goes below VMJN the drop out is kept fixed 
to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OTA 
characteristic. The tipple rejection is externally 
adjustable acting on CFT as follows: 

Where: 

SVR (jw) =I VI (j~) I= 
Vout (jW) 

1 + 10-6 

gm (1 + ~) 
jweFT R2 

gm = 2 • 10-s .Q-J = OTA'S typical transconduc-

~~ = fixed ratio 

tance value on linear region 

eFT = value of capacitor in pF 

The reaction time of the supervisor loop is given 
by the transconductance of the OT A and by eFT. 
When the value of the ripple voltage is so high 
and its negative peak is fast enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OTA works in a higher transconductance 
condition [range (3) of the characteristic] and 
discharge the capacitor rapidously. 
If the ripple frequency is high enough the ca
pacitor won't charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device's again working 
as a filter (fast transient range). 
With eFT= 10 pF; f = 100Hz a SVR of 35 is 
obtained. 

Fig. 3- Nonliner transfer characteristic of the drop control unit 

1) Normal operating range (high ripple rejection) 
2) Drop controlled range (medium ripple rejection) 

S-9617/2 
3 2 3) Fast discharge of CFT 

---------------------------~~~~©~?rr~:~~©, -------------------------5~/6 
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L4916 

Fig. 4 - Supply voltage 
rejection vs. input voltage 

Fig. 5 - Supply voltage 
rejection vs. frequency 

Fig. 6- V0 vs. supply voltage 
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Fig. 7 - Quiescent current 
vs. input voltage 
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Fig. 9 - Inhibit function realized on eFT pin. 
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L4918 

VOLTAGE REGULATOR PLUS FILTER 

• FIXED OUTPUT VOLTAGE 8.5V 

e 250mA OUTPUT CURRENT 

• HIGH RIPPLE REJECTION 

e HIGH LOAD REGULATION 

e HIGH LINE REGULATION 

• SHORT CIRCUIT PROTECTION 

• THERMAL SHUT DOWN WITH HYSTER
ESIS 

e DUMP PROTECTION 

The L4918 combines both a filter and a voltage 
regulator in order to provide a high ripple rejec
tion over a wider input voltage range. 

BLOCK DIAGRAM 

A supervisor low-pass loop of the element pre
vents the output transistor from saturation at 
low input voltages. 

The non linear behaviour of this control circuitry 
allows a fast setting of the filter. 

~~ 
~ ~ Pentawatt 

ORDERING NUMBER: L4918 

Rl 

R2 

L_------------~~----------~L_--------~L_--~GND 

5-940'111 

June 1988 1/5 
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L4918 

ABSOLUTE MAXIMUM RATINGS 

Vs 
v. 
lo 
Ptot 
T stg• TJ 

Peak input voltage (300ms) 
DC voltage 
Output current 
Power dissipation 
Storage and junction temperature 

CONNECTION DIAGRAM 
(Top view) 

PI/ 1111 :: ~~1~· 
/ 

(Tab connected to pm 3) 5-91.015 

Fig. 1 - Application and test circuit 

5 

L4918 

3 2 eFT 
IlOpF IlpF 

S-9<09/1 

THERMAL DATA 

Rth j<ase Thermal resistance junction-case 

~----------

40 
28 

internally limited 
internally limited 

-40 to 150 

Vo 

max 4 

v 
v 

::;:.21...:...5 ____________ ID'J SGS·THOMSON -----------
." . ~u©OO©l<~l<©'irli'J©Ii:lo©® 
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L4918 

ELECTRICAL CHARACTERISTICS !Tamb = 25°C, v, = 13.5V unless otherwise specified) 

Parameter Test Conditions Mi'l. Typ. Max. Unit 

v, Input voltage 20 v 

Vo Output voltage V 1=12to18V 8.1 8.5 8.9 v 
10 = 5 to 150mA 

6VI/O Controlled input-output V; = 5 to 10V 1.6 2.1 v 
dropout voltage 10 = 5 to 150mA 

6V0 Line regulation V;=12to18V 1 20 mV 
10 = 10mA 

6V 0 Load regulation 10 = 5 to 250mA 100 mV 
t 0 n = 30JlS 
toft=~ 1ms 

6V0 Load regulation V; = 8.5V 100 250 mV 
10 = 5 to 150mA 
t 0 n = 30JlS 
toft=;;;, 1ms 

lq Quiescent current 10 = 5mA 1.0 2 mA 

61q Quiescent current change V; =6 to 18V 0.05 mA 
10 = 5 to 150mA 

6V 0 
Output voltage drift 10 = 10mA 1.2 mV/"C 

6T 

SVR Supply voltage rejection Viae= 1 Vrms 
f =100Hz 
10 = 150mA 

V;oc = 12 to 18V 71 dB 
V;oc =6to 11V 35 (*) dB 

I 
lsc Short circuit current 250 300 mA 

ton Switch on time 10 = 150mA 
V; =5to 11V 500 (*) ms 
V;=11to18V 300 ms 

TJSD Thermal shut down 150 oc 

(•) Depending of the CFT capacitor 
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L4918 

PRINCIPLE OF OPERATION 

During normal operation (input voltage upper 
than V1 MIN= VouT NOM+ b.VIJol. The device 
works as a normal voltage regulator built around 
the OP1 of the block diagram. 
The series pass element use a PNP-NPN connec· 
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and 03, acting as an active zener diode of 
value VREF· 
In this condition the device works in the range 
(1) of the characteristic of the non linear drop 
control unit (see fig. 2) 
The output voltage is fixed to its nominal value: 

R1 

R2 

VouT NOM= VREF (1 + _Bl_) = 
R2 

VcFT (1 + _Bl_) 
R2 

INTERNALLY FIXED RATIO = 2.4 

The ripple rejection is quite high (71 dB) and in· 
dependent from eFT value. 
On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula· 
tion transistors (series element) saturate bringing 
the system out of regulation making it very sen
sible to every variation of the input voltage. On 
the contrary, a control loop on the L4918 con
sents to avoid the saturation of the series element 
by regulating the value of the reference voltage 
(pin 2). In fact, whenever the input voltage 
decreases below V1 MIN the supervisor loop, 
utilizing a non linear OTA, forces the reference 
Voltage at pin 2 to decrease by discharging eFT. 
So, during the static mode, when the input volt-

age goes below VMIN the drop out is kept fixed 
to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OTA 
characteristic. The ripple rejection is externally 
adjustable acting on eFT as follows: 

SVR (jw) =I VI (jw) I= 
Vout (iw) 

1 + ----'-1(,__)6 ___ _ 

Where: 

(1 + _Bj_) 
R2 

gm = 2 · 1 o-s Q-I = OTA'S typical transconduc
tance value on linear region 

.B.1_ = fixed ratio 
R2 

eFT = value of capacitor in J.!F 

The reaction time of the supervisor loop is given 
by the tranconductance of the OT A and by eFT. 
When the value of the ripple voltage is so high 
and its negative peak is fast/enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OT A works in a higher transconductance 
condition (range (3) of the characteristic J and 
discharge the capacitor rapidously. 
If the ripple frequency is high enough the ca
pacitor won't charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device's again working 
as a filter (fast transient range). 
With eFT= 10 }lF; f = 100Hz a SVR of 35 is 
obtained. 

Fig. 2 - Non liner transfer characteristic of the drop control unit 

S-9617/2 
3 2 

I 
I 
I 
I 11 Normal operating range (high ripple rejection) 

2) Drop controlled range (medium ripple rejection) 
3) Fast discharge of CFT 

~4~/5~-----------------------~~~~~~~~~:~~©~ --------------------------
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L4920 
L4921 

VERY LOW DROP ADJUSTABLE REGULATORS 

• VERY LOW DROP VOLTAGE 
• ADJUSTABLE OUTPUT VOLTAGE FROM 

1.25VT020V 
• 400mA OUTPUT CURRENT 
• LOW QUIESCENT CURRENT 
• REVERSE VOLTAGE PROTECTION 
• + 60/- 60V TRANSIENT PEAK VOLTAGE 

PROTECTION 
• SHORT CIRCUIT PROTECTION WITH FOLD

BACK CHARACTERISTICS 
• THERMAL SHUT-DOWN 

DESCRIPTION 
The L4920 and L4921 are adjustable voltage regu
lators with a very low voltage drop (0.4V typ. at 0.4A 
T1 = 25°C), low quiescent current and comprehen
sive on-chip protection. 
These devices are protected against load dump and 
field decay transients, polarity reversal and over 
heating. 
A foldback current limiter protects against load short 
circuits. 
The output voltage is adjustable through an exter
nal divider from 1.25V to 20V. The minimum opera
ting input voltage is 5.2V (TJ = 25"C). 

BLOCK DIAGRAM 

IN PUT 

1 
IPREREGlJ.ATOR 

1 
I DUMP I 

PROTECTKJN I 
[ 

Pentawatt 

Minidip (4 + 4) 

ORDER CODES : L4920 (Pentawatt) 
L4921 (Minidip) 

These regulators are designed for automotive, in
dustrial and consumer applications where low 
consumption is particularly important. 
In battery backup and standby applications the low 
consumption of these devices extends battery life. 

OUTP UT ... ~·K REFERENCE 
R1 AND 

ERROR 
AMPLIFIER 

I ReF ERE NCE 

R2 I THERMAL I I ~~~~~~· 
PROTECTION LIMITER 

l GN 0 

-- ~-7916/1 

February 1989 1/4 
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L4920/L4921 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

v, DC Input Voltage 35 
DC Reverse Input Voltage - 18 
Transient Input Overvoltages : 60 
Load Dump: 
5ms ~ 1,150 ~ 1 Oms 
11 Fall Time Constant = 1 ooms 
RsouRCE ~ 0.5Q 
Field Decay : -60 
5ms ~ I tall ~ 1 Oms, RsoURCE ~ 1 on 
1, Rise Time Constant = 33ms 

TJ, TsTG Junction and Storage Temperature Range -55 to 150 

PIN CONNECTIONS (top view) 

r---v--

INPUT 

GROUND ~II -~· '."~~~ 
/ S-7915 

REF. !1 8 

OUTPUT 7 ~ 

N.C. 

L Tab connected to pm 3 

TEST AND APPLICATION CIRCUIT 

LT--...-. IN 

GND 

0.1 jJF 

R1+R2 
Vo= -R-2--VREF 

}------------+----+-------0 
5-791712 

C = 1 OOJ.!F is required for stability (ESR ~ 3Q overT range) 
R2 = 6.2KQ. 

THERMAL DATA 

Rth J·amb I Thermal Resistance Junction-ambient 
Rth J·pms Thermal Resistance Junction-pins 
Rth i·case Thermal Resistance Junction-case 

2/4 

172 

Max 
Max 
Max 

Minidip 
Pentawatt (4+4) 

80 60 
15 

3.5 

Unit 

v 
v 
v 

v 

oc 

Unit 

°C/W 
oc;w 
°C/W 



L4920/L4921 

ELECTRICAL CHARACTERISTICS (forV1 = 14.4V, T1 = 25°C, V0 = 5V, C0 = 1001J.F, unless otherwise 
specified) 

Symbol Parameter Test Conditions Min. Typ. 

VI Operating Input Vo <: 4.5V Vo + 0.7 
Voltage lo =400mA 

VREF :S V0 < 4.5V 5.2 
10 =400mA 

VREF Reference Voltage 5.2V < V1 < 26V 1.20 1.25 
5mA :s; 10 :s; 400mA (*) 

/!No Lme Regulation V0 + 1V < V, < 26V Vo <: 4.5V 1 
lo =5mA 

/';.Vo Load Regulation 5mA :s; 10 :s; 400mA (*) V0 <: 4.5V 3 

Vo Dropout Voltage 10 = 10mA 0.05 
10 = 150mA 0.2 
lo =400mA 0.4 

Ia Quiescent Current 10 = OmA 
V0 + 1V < V1 < 26V 0.8 

lo = 400mA (*) 
Vo + 1V < V, < 26V 65 

lo Maximal Output 800 
Current 

lose Short Circuit Output 350 
Current(*) 

(•) Foldback protection 

ELECTRICAL CHARACTERISTICS (forV1 = 14.4V ; - 40 ~ T1 ~ 125°C (note 1 ), V0 = 5V ; 
C0 = 1001J.F, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. 

v, Operating Input Vo 2: 4.5V Vo + 0.9 
Voltage lo =400mA 

VREF :S Vo < 4.5V 5.4 
lo =400mA 

VREF Reference Voltage 5.4V < V, < 26V 1.17 1.25 

/';.Vo Line Regulation V0 + 1.2V < V, < 26V Vo <: 4.5V 2 
lo =5mA 

/';.Vo Load Regulation 5mA :s; 10 :s; 400mA (*) Vo 2: 4.5V 5 

Vo Dropout Voltage 
10 = 150mA 0.25 
10 = 400mA 0.5 

Ia Quiescent Current lo = OmA 1.2 
V0 +1.2V<V,<26V 

lo =400mA (*) 80 
V0 +1.2V<V,<26V 

Ia Maximal Output 870 
Current 

lose Short Circuit Output 230 
Current(*) 

(•) Foldback protect1on 

Max. Unit 

26 v 

26 v 

1.30 v 

10 mVN 

15 mVN 

v 
0.4 v 
0.7 v 

2 rnA 

90 rnA 

rnA 

500 rnA 

Max. Unit 

26 v 

26 v 

1.33 v 
15 mVN 

25 mVN 

v 
0.5 v 
0.9 v 
3 rnA 

140 rnA 

rnA 

rnA 

Note : 1 Des1gn lim1ts are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges 
These lim1ts are not used to calculate outgomg quality levels. 
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L4920/L4921 

Figure 1 :Output Voltage vs. Temperature. 

V0 rrTO~rTT<~r>TO~rT·~-·,0>~?~ 
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Figure 3 : Quiescent Current vs. Output Current 
(Vo = 5V). 

lq 

(mAl f--~~-~---'-1-'-~-'-t-+-t+"""t""C-+-l 

100 200 JOO 

APPLICATION INFORMATION 
1) The L4920 and L4921 have VREF = 1 .25V. Then 

the output voltage can be set down to VREF but 
Vi must be greater than 5.2V (T1 = 25°C). 

2) As the regulator reference voltage source works 
in closed loop, the reference voltage may change 
in foldback condition. 

3) For applications with high V1, the total power 
dissipation of the device with respect to the ther-
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Figure 2 : Foldback Current Limiting. 
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mal resistance of the package may be limiting . The 
total power dissipation is : 

Ptot =Vi lq + (V, - Vo) Ia 
A typical curve giving the quiescent current lq as a 
function of the output current Ia is shown in fig. 3. 



L4922 

VERY LOW DROP REGULATOR WITH RESET 

• VERY LOW DROP (max. 0.9 V at 1 A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(- 40 I+ 125°C) 

• LOW QUIESCENT CURRENT (max 70 rnA at 
1 A) OVER FULL T RANGE 

• PRECISE OUTPUT VOLTAGE (5 V ± 4 %) 
OVER FULL T RANGE 

• POWER ON-OFF INFORMATION WITH SET-
TABLE DELAY 

• REVERSE BATTERY PROTECTION 
• SHORT CIRCUIT PROTECTION 
• THERMAL SHUTDOWN 

DESCRIPTION 

The L4922 is a high current monolithic voltage regu
lator with very low voltage drop (0. 70 V max at 1 A, 
TJ= 25 °C). 

The device is internally protected against load 
dumps transient of + 60V, reverse polarity, over-

BLOCK DIAGRAM 

3 

GtfO 
nBBL4922-B1 

October 1991 

Pentawatt 

ORDERING NUMBER : L4922 

heating and output short circuit :thanks toted for the 
automotive and industrial applications. 

4 2 

RESET DELAY RESET OUTPUT 

1/4 
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L4922 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage 

v, DC Reverse Voltage 

Vo Positive Load Dump Protection (I = 300 ms) 

TJ Junction Temperature Range 

Top Operating Temperature Range 

Tstg Storage Temperature Range 

Note: The CirCUit IS ESD protected accordmg to MIL-STD-883C 

THERMAL RESISTANCE 

Parameter 

Thermal Resistance Junction-case 

PIN CONNECTION (Top view) 

~I ii 
/ 

Tab connected to p1n 3 

FUNCTIONAL DESCRIPTION 

The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the 
driver and the power PNP. This stage uses an Iso
lated Collector Vertical PNP transistor which allows 
to obtain very low dropout voltage (typ. 450mV) and 
low quiescent current (Ia= 20mA typically atlo = 1 A). 

Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica
tions supplied by battery. 

The three gain stages (operational amplifier, 
driver and power PNP) require the external capaci
tor (Com1n = 22f1F) to guarantee the global stability 
of the system. 
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Max 

Value 

35 

-18 

60 

-40 to 150 

-40 to 125 

-55 to 150 

Value 

3.5 

OUTPUT 

RESET DELAY 
GND 
RESET OUTPUT 

INPUT 

11BBL4922-B2 

Unit 

v 
v 
v 
oc 
oc 
oc 

The anti saturation circuit allows to reduce drastically 
the current peak which takes place during the start 
up. 

The reset function is LOW active when the output 
voltage level is lower than the reset threshold volt
age VRthOFF (typ. value: Vo-150mV). When the out
put voltage is higher than VRthON the reset becomes 
HIGH after a d'31ay time settable with the external ca
pacitor Cd. Typically td = 20ms, Cd = 0.1 flF. The 
reset and delay threshold hysteresis improve the 
noise immunity allowing to avoid false switchings. 
The typical reset output waveform is shown in fig. 1. 



L4922 

ELECTRICAL CHARACTERISTICS (V; = 14. 4V, -40°C ~ TJ ~ + 125°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ, Max. Unit 

v, Ooeratinq Input Voltaqe (")Note 1 6 26 v 
Vo Output Voltage Ia = OmA to 1A 4.8 5.2 v 

TJ- 25°C 4.9 5.1 v 
f. VL,ne Line Regulation V,- 6 to 26V; lo -10mA 5 25 mV 

SVR Supply Voltage Rejection lo = 700mA 55 dB 
f =120Hz; Co= 47!1F 
V,- 12Vdc + 5V0o 

L'.VLOAO Load Requlation lo 10mA to 1A 15 50 mV 
v, Vo Dropout Voltage TJ = 25°C, lo = 1A 0.45 0.70 v 

Over Full T, lo 1A 0.90 v 
lq Quiescent Current lo = 10mA 7 12 mA 

lo- 1A 25 70 mA 

lsc Short Circuit Current 1.8 A 

VR Rset Output Saturation Voltage 1.5V < Vo < VRT (olD, IR = 1.6mA 0.40 v 
3V < Vo < VRT toffl, IR 8mA 0.40 v 

VRT peak Power On-Off Reset out Peak 1 KQ Reset Pull-up to Vo 0.65 1.0 v 
Voltage 

IR Reset Output Leakage Current Vo in Regul. 50 !lA 
(htqh level) VR- 5V 

to Reset Pulse Delay Time Co- 100nF 20 ms 

VRthOFF Power OFF Vo Threshold Vo@ Reset out H to L 
Transition; TJ = 25°C 4.75 Vo-0.15 v 

40°C < TJ < + 125°C 4.70 v 

lcB Delay Capacitor Charging v4 = 3V 20 JlA 
Current (current generator) 

VRthON Power ON Vo Threshold Vo@ Reset out L to H VrthOFF Vo- v 
Transition + 0.03V 0.04V 

v4 Delay Comparator Threshold Reset out = "1" H to L Transition 3.2 3.8 v 
Reset out "0" L to H Transition 3.7 4 4.4 v 

V6H Delay Comparator Hysteresis 500 mV 

(")Note 1 :The dev1ce 1s not operating Within the range : 26 V < v, < 37 v. 

EXTERNAL COMPENSATION 

Since the purpose of a voltage regulator is to supply 
a fixed output voltage in spite of supply and load 
variations, the open loop gain of the regulator must 
be very high at low frequencies. This may cause in
stability as a result of the various poles present in 
the loop. To avoid this instability dominant pole 
compensation is used to reduce phase shifts due 
to other poles at the unity gain frequency. The lower 
the frequency of these other poles, the greater 
must be the capacitor used to create the dominant 
pole for the same DC gain. 

Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequency 
too low to be compensated by a capacitor wich can 
be integrated. An external compensation is there
fore necessary so a very high value capacitor must 
be connected from the output to ground. 
The parassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the sys
tem since its effect tends to cancel the effect of the 
pole added.ln regulators this ESR must be less than 
3n and the minimum capacitor value is 47f!F. 
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L4922 

Figure 1 :Typical Reset Output Waveform. 

U1n 
Uo 

Ur . I 

Figure 2 : Typical Application Circuit. 

6-26V 

Uln 

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

U!! 

f188L4!J22-B3 

(*)RECOMMENDED VALUE: Co= 47J.IF. ESR < 10 ohm, (lout> 10 mA) OVER FULL Trange-
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L4923 
5V-1A VERY LOW DROP REGULATOR 

WITH RESET AND INHIBIT 

• VERY LOW DROP (max. 0.9V at 1A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(-40 I+ 125 °C) 

• LOW QUIESCENT CURRENT (max 70 mA at 
1 A) OVER FULL T RANGE 

• PRECISE OUTPUT VOLTAGE (5V ± 4%) OVER 
FULL T RANGE 

• POWER ON-OFF INFORMATION WITH SET
TABLE DELAY 

• INHIBIT FOR REMOTE ON-OFF COMMAND 
(active high) 

• LOAD STANDBY CURRENT 
• LOAD DUMP AND REVERSE BATTERY PRO

TECTION 
• SHORT CIRCUIT PROTECTION 
• THERMAL SHUTDOWN 

DESCRIPTION 

The L4923 is a high current monolithic voltage regu
lator with very low voltage drop (0.70 V max at 1 A, 
TJ = 25 °C). 

BLOCK DIAGRAM 

INHIBIT 3 o-----1 

Heptawatt 

ORDERING NUMBER : L4923 

The device is internally protected against load 
dumps transient of + 60 V, input overvoltage, 
reverse polarity, overheating and output short circuit 
: thanks to these features the L4923 is very suited 
for the automotive and industrial applications. 

The reset function is very useful for power off and 
power on information when supplying a micropro
cessor. 

The inhibit function reduces drastically the con
sumption when no load current is required: typically 
the standby current value is 300 11A. 

7 

INPUT 
L4923 

5 
IIBBL4923-Bt DELAY RESET OUTPUT 

October 1991 1/4 
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L4923 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

VI DC Input Voltage 35 

v, DC Reverse Voltage -18 

Vo Positive Load Dump Protection (t = 300 ms) 60 

TJ Junction Temperature Range 

Top Operating Temperature Range 

Tstg Storage Temperature Range 

Note: The CirCUit IS ESD protected accord1ng to MIL-STD-883C 

THERMAL RESISTANCE 

Thermal Resistance Junctton-case 

PIN CONNECTION 

TAB CONNECTED TO PIN 4 

Figure 1 : Application Circuit 

6-26U 

I N H I B IT o----+----1 

Cin 
11313nF 

7 

6 

5 

4 

3 

2 

1 

Max 

-40 to 150 

-40to125 

-55 to 150 

4 

OUT 
DELAY CAPACITORS 
N.C. 
GNO 
INHIBIT 
RESET OUT 
INPUT 

!1BBL4923-B2 

r-------~--~RESET 
OUTPUT 

L4923 

CD 
11313nF 

RD 

1--+--~ 5U/1A 

co 

RESET DELAY 
f1BBL4923-84fl 

(')RECOMMENDED VALUE: Co= 47 JlF, ESR < 10 Q, (lout> 10 rnA) OVER FULL Trange-
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L4923 

ELECTRICAL CHARACTERISTICS (V, = 14. 4V, - 40°C:;; TJ:;; + 125°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

v, Operating Input Voltage (•) Note 1 6 26 v 
Vo Output Voltage lo = OmA to 1A 4.8 5.2 v 

TJ- 25°C 4.9 5.1 v 
tNL~ne Line Reoulation V,- 6 to 26V; lo -10mA 5 25 mV 

SVR Supply Voltage Rejection lo = 700mA 55 dB 
f =120Hz; Co= 47J.IF 
V,-12Vdc+ 5Voo 

IWLOAO Load Regulation lo- 10mA to 1A 15 50 mV 

V,-Vo Dropout Voltage TJ- 25°C, Ia- 1A 0.45 0.70 v 
Over Full T, lo 1A 0.90 v 

lq Quiescent Current lo = 10mA 7 12 mA 
lo = 1A 25 70 mA 
Active Hioh Inhibit 0.30 0.65 mA 

lsc Short Circuli Current 1.8 A 

SVR Supply Volt. Rej. lo = 350mA; f =120Hz 50 60 dB 
Co- 10011F; V,- 12V + 5V00 

VA Rset Output Saturation Voltage 1.5V < Vo <VAT {ofij, lA = 1.6mA 0.40 v 
3V < Vo < VAT off , lA 8mA 0.40 v 

VAT peak Power On-Off Reset out Peak 1 K.Q Reset Pull-up to Vo 0.65 1.0 v 
VoltaQe 

lA Reset Output Leakage Current Vo in Regul. 50 J.IA 
(high level) VA -5V 

to Reset Pulse Delay Time Co- 100nF 20 ms 

VRthOFF Power OFF Vo Threshold Vo @ Reset out H to L 
Transition; TJ = 25°C 4.75 Vo-0.15 v 
- 40°C < TJ < + 125°C 4.7 v 

lcs Delay Capacitor Charging 
Current I current oenerator) 

Vs=3V 20 J.IA 

VAthON Power ON Vo Threshold Vo @ Reset out L to H VrthOFF Vo- v 
Transitton +0.03V 0.04V 

Vs Delay Comparator Threshold Reset out= "1" H to L Transition 3.2 3.8 v 
Reset out- "0" L to H Transition 3.7 4 4.4 v 

VsH Delay Comparator Hysteresis 500 mV 

Vtnhl Low Inhibit Voltage 0.5 v 
VtnhH Hioh Inhibit Voltaae 2.0 v 
ltnhl Low Level Inhibit Current Vtnh L- 0.4V 40 10 uA 

ltnhH High Level inhibit Current V1nh H = 2.4V 6 20 J.IA 

( 0 ) Note 1 :The devtce ts not operating Within the range . 26 V < V, < 37 V. 

EXTERNAL COMPENSATION 

Since the purpose of a voltage regulator is to supply 
a fixed output voltage in spite of supply and load 
variations, the open loop gain of the regulator must 
be very high at low frequencies. This may cause in
stability as a result of the various poles present in 
the loop. To avoid this instability dominant pole 
compensation is used to reduce phase shifts due 
to other poles at the unity gain frequency. The lower 
the frequency of these other poles, the greater 
must be the capacitor used to create the dominant 
pole for the same DC gain. 

Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequency 
too low to be compensated by a capacitor wich can 
be integrated. An external compensation is there
fore necessary so a very high value capacitor must 
be connected from the output to ground. 
The parassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the sys
tem since its effect tends to cancel the effect of the 
pole added.ln regulators this ESR must be less than 
3Q and the minimum capacitor value is 47JlF. 
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L4923 

FUNCTIONAL DESCRIPTION 
The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the 
driver and the power PNP. This stage uses an Iso
lated Collector Vertical PNP transistor which allows 
to obtain very low dropout voltage (typ. 450 mV) and 
low quiescent current (Ia = 20 rnA typically at 
lo= 1 A). 

Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica
tions supplied by battery. 

The three gain stages (operational amplifier, driver 
and power PNP) require the external capacitor 
(Comin = 22 J.lF) to guarantee the global stability of 
the system. 

The antisaturation circuit allows to reduce drastically 
the current peak which takes place during the start 
up. 

Figure 2: Typical Reset Output Waveform. 

Uin 
Uo 

Uin 

Uo 

The reset function is LOW active when the output 
voltage level is lower than the reset threshold volt
age VRth (typ. value: Vo -150 mV). When the output 
voltage is higher than VRth the reset becomes HIGH 
after a delay time settable with the external capacitor 
Cd. Typically td = 20 ms, Cd = 0.1 J.lF. The reset thre
shold hysteresis improves the noise immunity allow
ing to avoid false switchings. The typical reset output 
waveform is shown in fig. 2. 

The inhibit circuit accepts standard TTL input le
vels : this block switches off the voltage regulator 
when the input signal is HIGH and switches on it 
when the input signal is LOW. Thanks to inhibit func
tion the consumption is drastically reduced (650 J.lA 
max) when no load current is required. 

. ,····························· 
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VERY LOW DROP VOLTAGE REGULATOR 

• OPERATING DC SUPPLY VOLTAGE RANGE 
5VT028V 

• TRANSIENT SUPPLY VOLTAGE UP TO 40V 
• EXTREMELY LOW QUIESCENT CURRENT 

IN STANDBY MODE 
• HIGH PRECISION STANDBY OUTPUT VOLT

AGE:5V±1% 
• OUTPUT CURRENT CAPABILITY UP TO 

500mA 
• VERY LOW DROPOUT VOLTAGE LESS 

THAN0.6V 
• RESET CIRCUIT SENSING THE OUTPUT 

VOLTAGE 
• PROGRAMMABLE RESET PULSE DELAY 

WITH EXTERNAL CAPACITOR 
• THERMAL SHUTDOWN AND SHORT CIR

CUIT PROTECTIONS 
DESCRIPTION 
The L4925 is a monolithic integrated SV voltage 

BLOCK DIAGRAM 

PRODUCT PREVIEW 

Pentawatt 

ORDERING NUMBER: L4925 . 

regulator with a very low dropout output and addi
tional functions such as power-on reset and pro
grammable reset delay time. It is designed for 
supplying microcomputer controlled systems es
pecially in automotive applications. 

PREREGULATOR 7U 

CT 

RES 

GHD 

N92L~925-91 

September 1992 1/5 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice 
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L4925 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vsoc DC Operating Sup[>ly_ Voltage 28 v 
VsTR Transient Supply Voltage (t < 1 s) 40 v 

Ia Output Current internally limited 

Vo Output Voltage 20 v 
VRES Output Voltage 20 v 
IRES Output Current 5 mA 

Tsto Storage Temperature -55 to 150 oc 
T Operating Junction Temperature -40 to 150 oc 

T;-so Thermal Shutdown-Junction Temperature 165 oc 

NOTE: 

The circuit is ESD protected according to MIL-STD-883C. According to ISO/DIS 7637 the transients must be clamped with external c~rcuitry 
(see Appl1ca11on C~rcu1t). 

COI\INECTION DIAGRAM 

5 

4 

3 

2 

1 

L Tab connected to pin 3 

THERMAL DATA 

Symbol Parameter 

RthJ-amb Thermal resistance junction to ambient 
Rth -case Thermal resistance junction to case 

> 

> 

VOUT 

CT 

GND 
RESET 

Us 

f192L4925-B211 

Value 

max. 60 
max. 3.5 

Unit 
oc/W 
oc/W 

2/5 
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ELECTRICAL CHARACTERISTICS (Vs =14V Tj =-40 to 125°C unless otherwise specified; 

Symbol Parameter Test Condition Min. Typ. Max. 

Vo Output Voltage T1 = 25 oc; lo = 1 mA 4.95 5 5.05 

Vo Output Voltage V1 = 6 to 28V; lo = 1 to 500mA 4.90 5 5.10 

Vo Output Voltage V1 = 35V; T <1s; 5.50 
lo = 1 to 500mA 

Vop Dropout Voltage lo = 100mA 0.2 0.3 
lo= 500mA 0.3 0.6 

V1o Input to Output Voltage V1 =4V; lo = 100mA 0.5 
Difference in Undervoltage 
CondJ!Jon 

VoL Line Regulation V1 = 6 to 28V; lo = 1 to 1 rnA 10 

VoLO Load Regulation lo = 1 to 500mA 50 

luM Current Limit Vo=4.5V. 550 1000 1500 
Vo = 0; Foldback characteristic 250 

lasE Quiescent Current lo=0.3mA 

Ia Quiescent Current lo=500mA 

RESET 

Symbol Parameter Test Condition 

VAT Reset Threshold Voltage 

VATH Reset Threshold 

lAD Reset Pulse Delay Cr = 1 OOnF; lA ~ 100J.IS 

IRA Reset Reaction Time Cr= 100nF; 

VAL Reset Output LOW Voltage RRES = 1 OKQ to Vo; Vs =~ 3V 

IAH Reset Output HIGH Leakage VREs=5V 
Current 

Vcrth Delay Comparator Threshold 

Vcrth hy Delay Comparator Threshold 
Hysteresis 

APPLICATION CIRCUIT DIAGRAM 

UBAT 

For stability: Cs ~ 1J.LF; Co ~ 10J.LF;ESR < 10Q at 10KHz 
Recommended for application: Cs =Co = 1 OJ.LF to 1 OOJ.LF 

150 250 

20 

Min. Typ. Max. 

Vo-0.5 

50 100 200 

60 100 140 

5 30 

0.4 

1 

2 

100 

Vz 5 VOUT 

J: Co 

0 

RES 

L4925 

Unit 

v 
v 
v 

v 
v 
v 

mV 

mV 

rnA 
rnA 

llA 

rnA 

Unit 

v 
mV 

ms 

J.IS 

v 
llA 

v 
mV 
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L4925 

APPLICATIN NOTE 

SUPPLY VOLTAGE TRANSIENTS 
High supply voltage transients can cause a reset 
output signal disturbation. 
For supply voltage greater than 8V the circuit 
shows a high immunity of the reset output against 
supply transients of more than 1 OOV /JlS. 
For supply voltage lower than 8V, supply tran
sients of more than 0.4V/Jls. can cause a reset 
signal disturbation. 

FUNCTIONAL DESCRIPTION 
The L4925 is a monolithic integrated voltage 
regulator, based on the STM modular voltage 
regulator approach. Several outstanding features 
and auxiliary functions are implemented to meet 
the requirements of supplying microprocessor 
systems in automotive applications. 
Nevetrheless, it is suitable also in other applica
tions where the present functions are required. 
The modular approach of this device allows to get 
easily also other features and functions when re
quired. 
VOLTAGE REGULATOR 
The voltage regulator uses an Isolated Collector 
Vertical PNP transistor as a regulating element. 
With this structure very low dropout voltage at 
currents up to 500mA is obtained. 

Figure 1: Output Voltage vs. Input Voltage 

~out 
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Foldback Characteristics Of Vo 
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The dropout operation of the standby regulator is 
maintained down to 3V input supply voltage. The 
output voltage is regulated up to the transient 
input supply voltage of 35V. With this feature no 
functional interruption due to overvoltage pulses 
is generated. 
The typical curve showing the standby output 
voltage as a function of the input supply voltage is 
shown in fig. 1. 
The current consumption of the device (quiescent 
current) is less than 250JlA. 
To reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region, the dropout voltage is 
controlled. 
The quiescent current as a function of the supply 
input voltage is shown in fig. 2. 

Figure 2: Quiescent Current vs. Supply Voltage 

IQ l2.9 
rnA 

1.5 

1.8 

e.s 

e -Us 1192L4925-86 
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RESET CIRCUIT 
The block circuit diagram of the reset circuit is 
shown in Figure 3. The reset circuit supervises 
the output voltage. The reset threshold of 4.5V is 
defined with the internal reference voltage and 
standby output divider. 
The reset pulse delay time tRo, is defined with the 
charge time of an external capacitor Cr: 

Figure 3 

Cr x 2V 
tRo ,-'-'-----'-

21-lA 

L4925 

The reaction time of the reset circuit originates 
from the discharge time limitation of the reset ca
pacitor Cr and it is proportional to the value of Cr. 
The reaction time of the reset circuit increases the 
noise immunity.Standby output voltage drops 
below the reset threshold only a bit longer than 
the reaction time results in a shorter reset delay 
time. The nominal reset delay time will be gener
ated for standby output voltage drops longer than 
approximately 50!ls. The typical reset output 
waveforms are shown in Figure 4. 

REF 1. 23U 2uA 

Figure 4 
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RESETI~·~------~---------:+!~:~----------:~1~---L--------~--~ 
tRD 

SWITCH ON 
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L4936 
L4938 

DUAL MULTIFUNCTION VOLTAGE REGULATOR 

• STANDBY OUTPUT VOLTAGE PRECISION 5V 
±2% 

• OUTPUT2TRACKEDTOTHESTANDBYOUT
PUT 

• OUTPUT 2 DISABLE FUNCTION FOR 
STANDBY MODE 

• VERY LOW QUIESCENT CURRENT, LESS 
THAN 250!!A, IN STANDBY MODE 

• OUTPUT 2 VOLTAGE SETIABLE FROM 5 TO 
~v -

• OUTPUT CURRENTS : lot = 50mA, lo2 = 500mA 
• VERY LOW DROPOUT (max 0.4V/0.6V) 
• OPERATING TRANSIENT SUPPLY VOLTAGE 

UPT040V 
• POWER-ON RESET CIRCUIT SENSING THE 

STANDBY OUTPUT VOLTAGE 
• POWER-ON RESET DELAY PULSE DEFINED 

BY THE EXTERNAL CAPACITOR 
• EARLY WARNING OUTPUT FOR SUPPLY 

UNDERVOLTAGE 
• THERMALSHUTDOWNANDSHORTCIRCUIT 

PROTECTIONS 

PIN CONNECTIONS (top view) 

l ~ 

-$- 18 
9 

-$-
B 

7 

6 

5 
4 

-$- :3 

2 

I .~""\.....!.. 

ADVANCE DATA 

Multiwatt 11 Powerdip (12+2+2) 

ORDERING NUMBERS: L4936 (Multiwatt-11) 
L4938 (Powerdip 12+2+2) 

DESCRIPTION 

The L4936/38 are monolithic integrated dual voltage 
regulators with two very low dropout outputs and ad
ditional functions such as power-on reset and input 
voltage sense. They are designed for supplying 
microcomputer controlled systems specially in auto
motive applications. 

Uo2 
ADJ N.C. SI 
Uo1 CT Us1 
SD 
RES 

EN Us2 

GND GND GND 
EN GND GND 
CT RES Uo2 
N.c. so Uo2 
SI 
Us Uo1 ADJ 

"92L4938-BI ~ TAB CDNNE~ PIN 6 n!I2L4!136-B2 

(Multiwatt-11) (Powerdip 12+2+2) 

January 1992 1/8 

Th1s is advanced 1nformat1on on a new product now 1n development or undergoing evaluation Details ale subject to change wHhout notice 
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L4936 - L4938 

BLOCK DIAGRAM 

us 
Note 1 

EN 

1 
--1 

1.23U 

,. 

REG~ 
•• 1.23U .... 

RE!--<1 .... 
1.23U 

REF .... 
2u 

• 2.BU~,-< ~ ... N.C. 

.... RESET 

SI 

""~ .. SENSE 
(optional l 

T 
~ GHD lf92L4936-84 

Note 1: For L4938, Us is splitted as follow: 
Us1-PIH15-Dutput 1 supply 
Ua2-PIN14-0utput 2 supply 

THERMAL DATA 

Thermal Resistance Junction - case (MW11) 
Thermal Resistance Junction Ambient 
(power DIP 12 + 2 + 2) 

Note 1: For L4938, Vs is spl1tted as follow: 

2/8 
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Vs1 = Pin 15 = Output 1 Supply 
Vs2 = P1n 14 = Output 2 Supply 

Max 3 
60 

Uo1 

Uo2 

I ADJ 

CT 

RES 

SD 



ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs DC Supply Voltage 

Transient Supply Voltage (T < 1S) 

Tt, Tstg Junction and Storage Temperature Range 

lsr Sense Input Current (Vsr <- 0.3V or Vsr > Vs) 

lEN Enable Input Current (VEN <- 0.3V) 

VEN Enable Input Voltage 

VRES. Vso Reset and Sense Output Voltage 

IRES. lso Reset and Sense Output Current 

Po Power Dissipation (T A = 80°C, Rth heatsrnk = 11 oC/W) MW11 
Power DIP 12 + 2 + 2 

Note : The c~rcuit is ESD protected accordrng to MIL-8TD-883C. 

APPLICATION CIRCUIT 

N.C. 

SI 

::1: 

Cs ;, 1~F ; C, ;, 6~F ; C02;, 10~F. ESR < 100 at 10KHz 

L4936 · L4938 

Value 

28 

40 

-55 to 150 

± 1 

-1 

Vs 

20 

5 

5 
1166 

1.23U 

SENSE 
!optional) 

1192U936-85 

Unit 

v 
v 
oc 

rnA 

rnA 

v 
v 

rnA 

w 
rnW 

:J: Co1 

Uo2 

ADJ 

:J: Co2 

CT 

RRES 

Uo1 

RSO 

so 

3/8 
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L4936 - L4938 

ELECTRICAL CHARACTERISTICS (V s = 14V ; - 40°C ~ TJ ~ 125°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operating Supply Voltage 25 v 
Vo, Standby Output Voltage T J = 25°C ; lo1 = 1 mA 4.95 5.00 5.05 v 
Vo, Standby Output Voltage 6V,; Vs,; 25V 4.90 5.00 5.10 v 

1mA,; lo1 ,; 50mA 

Vo2 · Vo1 Output Voltage 2 Tracking Error 6V,; Vs,; 25V -25 + 25 mV 
(note 1) 5mA,; lo2 ,; 500mA 

Enable= LOW 

I AOJ ADJ Input Current Ia, = 1mA; lo2 = 5mA -1 0.1 1 ~ 
Vop1 Dropout Voltage 1 Ia, = 10mA 0.1 0.25 v 

Ia, = 50mA 0.2 0.4 v 
V1o1 Input to Output Voltage Vs = 4V, lo1 = 35mA 0.4 v 

Difference in Undervoltage 
Condition 

VoP2 Dropout Voltage 2 lo2 = 100mA 0.2 0.3 v 
lo2 = 500mA 0.3 0.6 v 

V102 Input to Output Voltage V s = 4.6V, lo2 = 350mA 0.6 v 
Difference in Undervoltage 
Condition 

VoL 1 2 Line Regulation 6V,; Vs,; 25V 20 mV 
lo1 = 1 mA, lo2 = 5mA 

VoL01 Load Regulation 1 1mA,; lo1 ,; 50mA 25 mV 

VoL02 Load Regulation 2 5mA ,; lo2 ,; 500mA 50 mV 

ILIM1 Current Limit 1 Vo, = 4.5V 55 100 200 mA 
V01 = OV (note 2) 25 50 100 mA 

ILIM2 Current Limit 2 Vo2 = OV 550 1000 1500 mA 

loss Quiescent Current Standby lo1 = 0.3mA ; T J < 100°C 
Mode (output 2 disabled) VEN ;, 2.4V 

Vs = 14V 150 250 ~ 
Vs = 3.5V 300 800 ~ 

Ia Quiescent Current lo1 = 50mA 30 mA 
lo2 = 500mA 

ENABLE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VENL Enable Input LOW Voltage -0.3 1.5 v 
(output 2 active) 

VENH Enable Input HIGH Voltage 2.4 7 v 
VENhyst Enable Hysteresis 30 75 200 mV 

lEN Enable Input Current OV < VEN < 1.2V -10 -1.5 -0.5 ~ 
2 .5V< VEN < 7V -1 0 + 1 ~ 

4/8 
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L4936 - L4938 

RESET 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VRt Reset Low Threshold Voltage Vs = 14V Vo1·0.4 4.7 Vo1·0.1 v 

VRth Reset Threshold Hysteresis 50 100 200 mV 

tRo Reset Pulse Delay CT = 100nF; tR > 100~s 55 100 180 ms 

tRR Reset Reaction Time CT = 1 OOnF 1 10 50 ~s 

VRL Reset Output LOW Voltage RRES = 10KQ to Vo1 0.4 v 
Vs = 3V 

ILRES Reset Output HIGH Leakage VRES = 5V 1 ~A 

Vcnh Delay Comparator Threshold 2.0 v 
Vcrth. hyst Delay Comparator Threshold 100 mV 

Hysteresis 

SENSE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vslth Sense Threshold Voltage 1.16 1.23 1.35 v 
Vslth,hyst Sense Threshold Hysterests 20 100 200 mV 

VsOL Sense Output LOW Voltage Vst = O.BV ; Vs <: 3V 0.4 v 
Rso- 10KQ to Vo1 

ILso Sense Output Leakage Vso- 5V; Vst > 1.5V 1 ~ 
Is, Sense Input Current -1 0.1 1 ~ 

Note . 1 . V02 connected to ADJ V02 can be set to htgher values by tnserttng an external reststor dtvtder. 
2 · Foldback characteristic 

FUNCTIONAL DESCRIPTION 
The L4936/8 are based on the SGS-THOMSON 
Microelectronics modular voltage regulator ap
proach. Several out-standing features and auxiliary 
functions are provided to meet the requirements of 
supplying the microprocessor systems used in auto
motive applications. 

Furthermore the device is suitable also in other ap
plications requiring two stabilized voltages. 

The modular approach allows other features and 
functions to be realized easily when required. 

STANDBY REGULATOR 

The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 

The typical curve of the standby output voltage as a 
function of the input supply voltage is shown in fig. 1. 

The current consumption of the device (quiescent 
current) is less than 250!-IA when output 2 is dis
abled (standby mode). The dropout voltage is con
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 

The quiescent current is shown in fig. 2 as a function 
of the supply input voltage 2. 

OUTPUT 2 VOLTAGE 

The output 2 regulator uses the same output struc
ture as the standby regulator, but rated for an output 
current of 500mA. 

The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage 
when the output 2 programming pin ADJ is con
nected to Vo2. By connecting a resistor divider Rt, 
R2 to the pin ADJ as shown in fig. 3, the output volt
age 2 can be programmed to the value : 

The output 2 regulator can be switched off via the 
Enable input. 
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L4936 - L4938 

Figure 1 : Output Voltage vs. Input Voltage. 

Vo1 
Vo2 

5V 

( 
'· 

ev 2V 5V 19V 25V 
Vs 

f192L4935-B3 

Figure 2 : Quiescent Current vs. Supply Voltage. 

OUT2·8U 

OUT2 DISABLED 
RL·1BKQ 

2BBu 

1BBu 

B 
5 Hl 15 

f192L4936-BB 

Figure 3 : Programmable Output 2 Voltage with External Resistors. 

Vo2 ,.., 

ADJ 
0 R1 ~Co2 
0 R2 

""""" f192L4935-B9 
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RESET CIRCUIT 

The block circuit diagram of the reset circuit is shown 
in fig. 4. The reset circuit supervises the standby out
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 

The reset pulse delay time tRo, is defined by the 
charge time of an external capacitor CT : 

tRo = 

The reaction time of the reset circuit depends on the 

discharge time limitation of the reset capacitor CT 
and is proportional to the value of CT. 

The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 

Figure 4 :Block Diagram of the Reset Circuit. 

REF 1.23U 

L4936 · L4938 

drops below the reset threshold for a time shorter 
than the reaction time tRR, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa
citor CT. This time is typically equal to 501-lS if CT 
= 1 DOn F. The typical reset output waveforms are 
shown in fig. 5. 

SENSE COMPARATOR 

This circuit compares an input signal with an internal 
voltage reference of typically 1.23V. The use of an 
external voltage divider makes the comparator very 
flexible in the application. This function can be used 
to supervise the input voltage- either before or after 
the protection diode- and to give additional informa
~ion to the microprocessor such as low voltage warn
mgs. 

2uA 
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L4936 - L4938 

Figure 5 : Typical Reset Output Waveforms. 
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VRT+0.2V 
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L4937 

DUAL MULTIFUNCTION VOLTAGE REGULATOR 

• STANDBY OUTPUT VOLTAGE PRECISION 5V 
±2% 

• OUTPUT 2 TRACKED TO THE STANDBY OUT
PUT 

• OUTPUT 2 DISABLE FUNCTION FOR 
STANDBY MODE 

• VERY LOW QUIESCENT CURRENT, LESS 
THAN 250f1A, IN STANDBY MODE 

• OUTPUT CURRENTS: lo1 =SOmA, lo2 = 500mA 
• VERY LOW DROPOUT (max 0.4V/0.6V) 
• OPERATING TRANSIENT SUPPLY VOLTAGE 

UP T040V 
• POWER-ON RESET CIRCUIT SENSING THE 

STANDBY OUTPUT VOLTAGE 
• POWER-ON RESET DELAY PULSE DEFINED 

BY THE EXTERNAL CAPACITOR 
• THERMAL SHUTDOWN AND SHORT CIRCUIT 

PROTECTIONS 

PIN CONNECTION (top view) 

ADVANCE DATA 

Heptawatt 

ORDERING NUMBERS : L4937 

DESCRIPTION 

The L4937 is a monolithic integrated dual voltage 
regulators with two very low dropout outputs and ad
ditional functions such as power-on reset and input 
voltage sense. It is designed for supplying micro
computer controlled systems specially in automo
tive applications. 

,---/ "--- ~ 7 ..,. Uo2 

Uo1 

RES 

GND 
EN 

CT 

Us 

6 > 

-$- 5 ..,. 
4 > 

3 '> 

2 ~ 

~ ~ 
1 '> 

f192L493?-B2 
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L4937 

BLOCK DIAGRAM 

GND 

THERMAL DATA 

REG1 

UREF 
1.23U 

L4937 

Rth J-c / Thermal Resistance Junction-case 

2/7 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs D.C. Supply Voltage 
Transient Supply Voltage (T < 1 s) 

T1, T 519 Junction and Storage Temperature Range 

lEN Enable Input Current (VEN <- 0.3V) 

VEN Enable Input Voltage 

VRES Reset Output Voltage 

IRES Reset Output Current 

Po Power Dissipation (T A = 80°C, Rth heatsmk = 9°CIW) 

Note : The mcwt 1s ESD protected according to MIL -STD-B83C 

APPLICATION CIRCUIT 

VREF 
1. 23V 

GND 
L4937 

N92L493?-93 

L4937 

Value Unit 

28 v 
40 v 

-55 to 150 oc 
-1 mA 

v. v 
20 v 
5 mA 

5 w 

Vo1 

:J: Coi 

I 

3/7 
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L4937 

ELECTRICAL CHARACTERISTICS (V s = 14V ; - 40°C::; T1 ::; 125°C unless otherwise specified). 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operating Supply Voltage 25 v 
Vo1 Standby Output Voltage T1 = 25°C; lo1 = 1mA 4.95 5.00 5.05 v 
Vo1 Standby Output Voltage 6V,;; Vs,;; 25V 4.90 5.00 5.10 v 

1mA,;; lo 1 ,;; 50mA 

Vo2·Vo1 Output Voltage 2 Tracking Error 6V,;; Vs,;; 25V -25 + 25 mV 
(note1) 5mA,;; lo2 ,;; 500mA 

Enable= LOW 

VoP1 Dropout Voltage 1 lo1 = 10mA 0.1 0.25 v 
lo1 = 50mA 0.2 0.4 v 

V101 Input to output Voltage Vs = 4V, lo1 = 35mA 0.4 v 
Difference in Undervoltage 
Condition 

Vop2 Dropout Voltage 2 lo2 = 100mA 0.2 0.3 v 
lo2 = 500mA 0.3 0.6 v 

VIQ2 Input to output Voltage Vs = 4.6V,Io2= 350mA 0.6 v 
Difference in Undervoltage 
Condition 

Vol1 2 Line Regulation 6V,;; Vs,;; 25V 20 mV 
lo1 = 1 rnA, lo2 = 5mA 

VoLI01 Load Regulation 1 1 rnA,;; lo1 ,;; 50mA 25 mV 

VoL02 Load Regulation 2 5mA ,;; lo2 ,;; 500mA 50 mV 

ILIM1 Current Limit 1 Vo1 = 4.5V 55 100 200 rnA 
Vo1 = OV (note2) 25 100 rnA 

ILIM2 Current Limit 2 Vo2 = OV 550 1000 1500 rnA 

loss Quiescent Current Standby lo1 = 0.3mA; T1 < 1oooc 
Mode (output 2 disabled) VEN :0: 2.4V 

Vs = 14V 150 250 11A 
Vs = 3.5V 300 800 llA 

Ia Quiescent Current lo 1 = 50mA 30 rnA 
lo2 = 500mA 

ENABLE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VENL Enable Input LOW Voltage -0.3 1.5 v 
(output 2 act1ve) 

VENH Enable Input HIGH Voltage 2.4 7 v 
VENhyst Enable Hysteresis 30 75 200 mV 

lEN Enable Input Current OV < VEN < 1.2V -10 -1.5 - 11A 
2.5V < VEN < 7V -1 0 + 1 11A 
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L4937 

RESET 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VRt Reset Low Threshold Voltage Vs = 14V Vo,-0.4 4.7 Vo,-0.1 v 

VRth Reset Threshold Hysteresis 50 100 200 mV 

tRo Reset Pulse Delay CT = 100nF; tR > 100~LS 55 100 180 ms 

tRR Reset Reaction Time CT = 100nF 1 10 50 J.lS 

VAL Reset Output LOW Voltage RRES = 10KQ to Vo1 0.4 v 
Vs ~ 3V 

ILRES Reset Output HIGH Leakage VRES = 5V 1 J.lA 

Vcnh Delay Comparator Threshold 2.0 v 
Vcnh, hyst Delay Comparator Threshold 100 mV 

Hysterests 

Note : 1 Vm connected to ADJ V02 can be set to h1gher values by msertmg an external resistor d1v1der. 
2 Foldback charactenst1c 

FUNCTIONAL DESCRIPTION 

The L4937 is based on the SGS-THOMSON Micro
electronics modular voltage regulator approach. 
Several out-standing features and auxiliary func
tions are provided to meet the requirements of sup
plying the microprocessor systems used in automo
tive applications. 

Furthermore the device is suitable also in other ap
plications requiring two stabilized voltages. 

The modular approach allows other features and 
functions to be realized easily when required. 

STANDBY REGULATOR 

The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to SOmA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 

The typical curve of the standby output voltage as 
a function of the input supply voltage is shown in fig. 
1. 

The current consumption of the device (quiescent 
current) is less than 250f.!A when output 2 is dis
abled (standby mode). The dropout voltage is con
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 

The quiescent current is shown in fig. 2 as a function 
of the supply input voltage 2. 

OUTPUT 2 VOLTAGE 

The output 2 regulator uses the same output struc
ture as the standby regulator, but rated for an output 
current of 500mA. 

The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage. 

The output 2 regulator can be switched off via the 
Enable input. 
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L4937 

Figure 1 : Output Voltage vs. Input Voltage. 

Uo1 

Uo2 

su 

( 
0U 2U su 

Figure 2 : Quiescent Current vs. Supply Voltage. 

OUT2·BU 

I QSB 

2BBu 

~ 
1B9u 

B 
) 

5 

RESET CIRCUIT 

The block circuit diagram of the reset circuit is shown 
in fig. 3. The reset circuit supervises the standby out
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 

The reset pulse delay time tRo, is defined by the 
charge time of an external capacitor Cr : 

6/7 
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tRD = 
Crx2V 

2f!A 

'· 

10U' 25U 
Us 

f1!J2L4!J3?-84 

OUT2 DISABLED 
RL·1BKQ 

18 15 Us 
1192L4937-B5 

The reaction time of the reset circuit depends on the 
discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 

The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 
drops below the reset threshold for a time shorter 
than the reaction time tRR, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa
citor Cr. This time is typically equal to 50!lS if Cr = 
1 OOnF. The typical reset output waveforms are 
shown in fig. 



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

Figure 3 : Block Diagram of the Reset Circuit. 

REF 1.23U 

OUT 

Figure 4 : Typical Reset Output Waveforms. 

UOUT1 
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URT 

2U 
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L4939 

DUAL MULTIFUNCTION 5V VOLTAGE REGULATOR 

• SOmA STANDBY AND SOmA SWITCHED 5V 
OUTPUTS 

• LOW DROPOUT (LESS THAN 600mV) 
• CURRENT LIMITING CIRCUITRY 
• ANTI-SATURATION CIRCUITRY 
• PROGRAMMABLE DELAY RESET FUNC

TION 
• LOW BATTERY SHUTDOWN FOR STANDBY 

REGULATOR 
• COMPARATOR TO TRANSLATE BATTERY 

REFERENCED SIGNAL TO CMOS LOGIC 
LEVEL OUTPUT 

• IGNITION SENSE COMPARATOR WITH 
CMOS LOGIC LEVEL OUTPUT 

• LESS THAN 600flA QUIESCENT CURRENT 
IN STANDBY MODE 

• 50V LOAD DUMP PROTECTED 
• 100 x CURRENT MULTIPLIER FUNCTION 

BLOCK DIAGRAM 

IGN 16 

October 1 992 

ADVANCE DATA 

~: 
~~rr 

POWERDIP 12+2+2 

ORDERING NUMBER: L4939 

DESCRIPTION 
The L4939 is a monolithic integrated 5V dual volt
age regulator with data transmission and ignition 
sense functions. 

8 
RESET 

15 
OUT2 

14 OUT2 
ENABLE 

18 CURRENT - IN 
1 

9 CURRENT 
OUT 

11 
IGN OUT 

=6. 0U 12.13 
GND I L4939 

t192L4939-B!B 
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L4939 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee DC Supply Voltage 

V(3) Data In Voltaae (pin 3) 

V(16) Ignition (pin 16) (with a 1 K min. series resistance) 

Ptot Power Dissipation derate at (40°C/W; Tamb = 85°C) 

T Junction Temperature 

Tstg Storage Temperature 

PIN CONNECTION (top view) 

THERMAL DATA 

Ubat 

OUT1 

DATA IN 
GND 
GND 

DATA OUT 

CRST 

RESET 

1192L4939-8211 

Parameter 

Thermal Resistance Junction-case 

PIN FUNCTIONS 

N. Name 

1 Vbat Supply input from car battery 

2 OUT1 Standby 5V supply output 

3 DATA IN Data comparator input 

4 GND Ground and heat sink 

5 GND Ground and heat sink 

6 DATA OUT Data compa•ator output to mtcro 

7 Crst Reset capacitor for controlling reset delay 

8 RESET Reset output 

9 CURRENT Current mirror output 
OUT 

10 CURRENT Current mtrror input from micro 
IN 

11 IGNOUT Ignition comparator output to micro 

12 GND Ground 

13 GND Ground 

14 OUT2 Enable input for OUT 2 regulator 
ENABLE 

15 OUT2 Switched 5V supply output 

16 IGN Ignition control input from car wiring 

IGN 
OUT2 

OUT2 ENABLE 
GND 
GND 
IGN OUT 

CURR IN 
CURR OUT 

max. 

Function 

Value Unit 

-14 to 26 VDC 

0.7 tO VBAT + 0.5 VDC 

-14to26 VDC 

1.5 w 
150 oc 

-65 to 150 oc 

Value 

15 

2/7 
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L4939 

ELECTRICAL CHARACTERISTICS (VBAT and IGN pins = 9 to 18Voc; T amb = -40 to 85°; unless other
wise specified.) 

Symbol Parameter Pin Test Condition Min. Typ Max. Unit 

Vot Output Voltage 2 loun = SOmA; Vbat = 9 to 16V 4.7S s.oo S.2S v 
Vot Dropout Voltage 2 Vbat = 4.7SV; loUTt = SOmA 4.1S v 

Line Regulation 2 VbaF 6.2 to 16V; loUTt =SOmA 40 mV 

Load Regulation 2 Vbat= 6.2, 11 & 1SV; 40 mV 
loun = O.S to SOmA 

IL1 Current Ltmit 2 Vbat= 16V; Voun = 3V; 60 2SO mA 
measure loun 

Vo2 Output Voltage ON 1S lour2 =SOmA; Vbat = 9 to 16V 4.7S s.oo S.2S v 
Vo2 Output Voltage OFF 1S No Load on Out2; 1SO mV 

Out 2 Enable = OV 

Vo2 Dropout Voltage 1S Vbat = 4.7SV lour2= SOmA 4.1S v 
Line Regulation 1S Vbat = 6.2 to 16V loUT2 = SOmA 40 mV 
Load Regulation 1S Vbat= 6.2, 11 & 1SV; 40 mV 

lour2 = O.S to SOmA 
ll2 Current Limit 1S Vbat= 16V, VoUT2 = 3V; 100 2SO mA 

measure louT2 

Enable ON Current 14 0ut2 Enable = Vourt; 10 140 11A 
measure I(OUT2 ENABl 

lq Quiescent Current Data IN = Vbat = Current out 400 600 11A 
= 12.6V IOUTt = S0011A; 
Out2 Enable = 0; lgn = 0 

ResetVoLow s Vbat= 3.7SV 200 mV 
Data Comparator Vo Low 6 idataout=SOI!A; Data IN= Vba1-5V 1SO mV 
Data Comparator Vo High 1S ldata out= SO!lA; Data IN = Vba! Voutt v 

·0.2 
Current In Voltage 10 lp•n to =200!1A. 2SOQ from pin Voutt Vout1 v 

9 to Vbat; Vbat = 13.SV -1.S ·O.S 
Current Out Maximum 9 lp•n to =700!1A, 2SOQ from pin 3S mA 

9 to Vbat; Vbat = 13.SV 

19 Current Out 9 lp1n to =200!1A, 2SOQ from pin 16 20 24 mA 
9 to Vbat; Vbat = 13.SV 

lpm to = 1 0011A. 2SOQ from pin s 10 12 mA 
9 to Vbat; Vbat = 13.SV 

lp•n to =300!1A. 2SOQ from pin 24 30 36 mA 
9 to Vbat; Vbat = 13.SV 

Vg Current Out Vsat 9 lpm to =200!1A, 1 KQ from pin 1 v 
9 to Vbat; Vbat = 13.SV 

Thermal Shutdown must open circuit Out1 and 135 16S oc 
Out2 

Overvoltage Shutdown 1 must operate over full range 1S.5 23 v 
of lot and lo2 

Notse Voltage ON Out 1 2 lo=S011A; 200 11V 
BW = 1OOHz to 22KHz 

Ripple Rejection ON Out 1 2 1 V peak-peak sine on Vbat: 4S dB 
f = 120Hz and 3KHz 

N01se Voltage ON Out 2 1S lo=SOmA; 200 11V 
BW = 1OOHz to 22KHz 

Ripple Rejection ON Out 2 1S 1 V peak-peak sine on Vbat: 4S dB 
f = 120Hz and 3KHz 

Reset Low Threshold 2 lot =S0011A; Vbat ramps 4 4.25 4.S v 
down, measure Vot when 
reset goes Low 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Pin Test Condition Min. Typ Max. Unit 

Rd Reset Delay 8 0.47 ).IF from pin 7 to GND, 50 150 250 ms 
step Vbat from 0 to 14V; 
measure delay to RESET 
Low to High 

Data IN Comparator 3 Measured with respect to Vbat -3.4 -2.7 -2 v 
Negative Threshold 

Data IN Comparator 3 70 200 450 mV 
Hysteresis 

lgn Comparator Positive 16 Level of IGN required to toggle 5.5 6 6.5 v 
Threshold IGN Out on a rising edqe 

lqn Comparator Hysteresis 16 70 200 450 mV 

Rise Time Data Out 6 Vbat ~ 9V; 1 OMQ and 50pF 10 ).IS 
from pin 6 to GND 

Fall Time Data Out 6 VbaJ. ~ 9V; 1 OMQ and 50pF 10 ).IS 
from ptn 6 to GND 

Rise Time lgn Out 6 Vbat~ 9V; 10MQ and 50pF 10 ).IS 
from pin 11 to GND 

Fall Time lgn Out 11 Vbat ~ 9V; 1 OMQ and 50pF 10 ).IS 
from p1n 11 to GND 

Rise Ttme Reset 8 Vbat~ 9V; 10KQ from pin 8 10 )lS 
to Out1, 50pF from pin 8 to 
GND 

Fall Time Reset 8 Vbat~ 9V; 10KQ from ptn 8 10 )lS 
to Out1, 50pF from pin 8 to 
GND 

Low Voltage Shutoff 1 Out1 Pass Element is open- 3.0 35 4.0 v 
circuited when Vbat is low-
measured on falling edge 

Low Voltage Shutoff 1 100 200 300 mV 
Hysteresis 
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APPLICATION CIRCUIT 

ON r. R034 IGN IGNITI 

1K 

.uu BATTERY 
NOMINA 

,r ~~ 13.1347 ± C017 

rr 19BuH Ubat 
L 

E REMOT 
DATA I 
B ms h 
13 ms 

~~ 8. 847 5: 47813uF :1: ~ 3313 1K 
RX8 C015 COt R029 

N 

i 
lo 

GNO 
REMOT 

DATA 0 
E 
UT 

~~ 

250 
RX1 

"' N 

"' 
TO ALt tSU +--

CIRCUITS 
21313uA-513mA 

FUNCTIONAL DESCRIPTION 
OUT1 AND OUT2 

DATA IN 

13.1347 * OUT1 
GNO 

cos I GNO 

-CUR OUT 

~11313uF 
C06 

:I: R71l6 

47K I RESET 

B.B1 :f C023 

These are both 5V regulator outputs that utilize 
PNP pass elements and draw the current for their 
outputs from the battery line (pin 1 ). Out1 (pin 2) 
is designed to source a maximum of SOmA with a 
1 OOJlF aluminium electrolytic capacitor and a 
0.047JlF ceramic capacitor connected in parallel 
as a load. Out2 (pin 15) is designed to source a 
maximum of SOmA with a 22J1F aluminium elec
trolytic capacitor and 0.047JlF ceramic capacitor 
connected in parallel as a load. Out 1 can be 
open-circuited by the Out1 Pass Element Shut
down described below and by an overvoltage 
condition on the battery line (pin 1 ). 
Out 2 can be open-circuited by the Out 2 Enable 
line (pin 14) being held low (by external compo
nents or the internal pulldown resistor), a reset 
condition on Out 1 (described below). and an 
overvoltage condition on the battery line. Both 
outputs are current limited for short circuit protec
tion and have anti-saturation circuits that prevent 
their dropout voltage from becoming too low. 

IGNITION BUFFER 
This circuit is a noninverting buffer that translates 
the Ignition Line Level to a 5V logic signal (pin 
16}. There is an external 1 KQ resistor between 
the Ignition line and the input to the IC (pin 16) to 
limit the current into and out of the part in over
voltage and reverse battery conditions. The nomi-

16 15 

13 
1 12 

3 
14 

DUAL SU 
2 REGULATOR 11 

4 113 
5 

9 
6 

7 
B 

L4939 

213 - 513mA 
to all 

OUT2 t SU SWITCHED 

COB: :F 22uF 

GNO t5U 
GND ._ CONTROL 

OUT2 EN 
Uss 

IGN OUT 
IGN SENSE 

R734 

CUR IN 22K 
TOO 

MICR 0 

DATA OUT 
RDI 

CRST 
B.47uF 

C022 ::J: 
RESET 

UCKS 
n92L4!13!1-83B 

nal threshold of the comparator is 6V. Transitions 
of the Ignition line will have no effect upon Out1 
(beyond that given in the spec parameters) or 
Out2, as long as the Ignition line voltage does not 
exceed the maximum limits given. This circuit will 
be powered from Out 1. 

DATA BUFFER 

This circuit is a noninverting buffer that translates I 
the Data In (pin 3) voltage to a 5V logic signal 
Data Out (pin 6). The nominal threshold of this 
circuit is (VBAT - 2.7V). This circuit is powered 
from Out 2, and will be disabled whenever Out 2 
is disabled. 

CURRENT MIRROR 
This circuit will sink a current into pin 9 that is ap
proximate equal to 100 times the current that is 
sourced from pin 10. 
Current Mirror is powered from Out 2, and will be 
disabled when Out 2 is disabled. During an Out 2 
shutdown, Current Out will be open circuit (Fig. 1 
shows the above condition assuming that Current 
In is tied to GND through a 22KQ resistor and that 
Current Out is tied to GND through a 250Q resis
tor. 

RESET 
Pin 8 is NPN open collector output that is pulled 
low whenever Out1 falls below the reset thre-

5/7 
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L4939 

shold, which is 4.25V nominally. When Out 1 
goes back above 4.25V, the NPN will be held on 
for a period of time which is determined by the 
value of the capacitor which is tied from reset (pin 
7) to ground (about 150ms for a 0.471-lF capaci
tor). After this period of time, the NPN will be shut 
off and the voltage of pin 8 will be determined by 
the external components connected to it. Also, 
Out 2 will be disabled whenever Out 1 drops 
below the reset threshold, and the above men
tioned delay time has passed (fig. 1 ). 

PASS ELEMENT SHUTDOWN 
Upon ramp-down of the battery voltage, the out
put of the OTA is disabled at Vbatt = 3.5V depriv-

TEST CIRCUIT 

Uba t 
1 

U3 

3 
GNDL DATA IN 

2 
OUT1 

1KQ 
R2 

ing the Out 1 PNP pass element of base current 
and open circuiting Out 1. This will prevent the 
regulator from conducting in reverse during low 
battery conditions. This circuit will exhibit nominal 
hysteresis of 200mV, meaning that Out 1 will be 
enabled again after the battery voltage rises 
above 3.7V (fig. 2). 

OUT 1 DROP-OUT PROTECTION 
Given that the battery voltage applied to pin 1 can 
vary between + 18V and +5.6 during crank. Out 1 
will display less than 250mV variation due to 
these battery fluctuations (assuming a constant 
load). 

IGN 
16 

U16 
OUT2 !aU 

15 
1KQ 
R15 

GNDL 
OUT2 EN 

14 <>-- OUT1 

RESET L4939 11 
8 

47KQ 10MQ 50pF 
GND 

4 R11 
GND 

5 GND GNOL 
13 

GND BATT 
DATA OUT 12 

6 

10MQ 
10 

CUR IN 
R6 

CUR OUT 
7 9 BATT 

/192L4939-B4fl 
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Note: the following information for clarification not for specification definition. 

Figure 1. 

12.6U 

su 
4.25U 

RESET 
.. £ 
I/: NOMINAL DELAY.150ms 
1/ :19.47uF from pin 7 to GNDl 

Ubatt 

OUT1 

L-~-----------------------L----------t 

Figure 2. 

1152L4535-B5 

Ubat 

,/ 
11 u 1-------, 

6U 

su 

' 3.5U 
Uoutt 

1. su ............... : ................................... . 

~-------------------------------7----- t 

1192L4939-B6 

89ms 
SLOW DROP 

L4939 
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L4945/L4950 
L4951 

5V/8.5V/1 OV VERY LOW DROP VOLTAGE REGULATORS 

• PRECISE OUTPUT VOLTAGE: 
5V ± 4% (L4945) 
8.5V ± 4% (L4950) 
1 OV ± 4% (L4951) 
OVER FULL TEMPERATURE RANGE 
(- 40 I 125 °C) 

• VERY LOW VOLTAGE DROP (0.75Vmax) 
OVER FULL TEMPERATURE RANGE 

• OUTPUT CURRENT UP TO 500mA 
• OVERVOLTAGE AND REVERSE VOLTAGE 

PROTECTIONS 
• REVERSE VOLTAGE PROTECTION 
• SHORT CIRCUIT PROTECTION AND THER

MAL SHUT-DOWN (with hysteresis) 
• LOW START UP CURRENT 

DESCRIPTION 
The devices are a monolithic integrated circuit in 
Versawatt package specially designed to provide 
a stabilized supply voltage for automotive and in
dustrial electronic systems. Thanks to their very 

BLOCK DIAGRAM 

IN PUT 
1 

1 
I DUMP I I I START REF. 
PROTECT. I 

T0220 

ORDERING NUMBER: L4945 
L4950 
L4951 

low voltage drop, in automotive applications the 
devices can work correctly even during the crank
ing phase, when the battery voltage could fall as 
low as 6V. Furthermore, they incorporate a com
plete range of protection circuits against the dan
gerous overvoltages always present on the bat
tery rail of the car. 

I PNP OUTPUT 
TRANSISTOR OUT PUT 

I 2 

I ANTI 
SAT. I 

~ "" 
I OUTPUT I .. I CURRENT 

..... LIMITER 

I THERMAL I 
PROTECT. 

3 

n!I2L4!145-B3 GROUND 

October 1992 1/4 
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L4945- L4950- L4951 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, DC Input Voltage 35 v 
DC Reverse Input Voltage -18 v 
Transient Input Overvoltages : 80 v 
Load Dump: 
5ms $ !rose $ 1 Oms 
~t Fall Time Constant= 1 OOms 
RsouRcE ~ 0.5Q -80 v 
Field Decay : 
5ms $!tall s 1 Oms, RsouRCE ~ 1 OQ 
~r Rise Time Constant= 33ms ± 100 v 
Low Energy Spike : 
!rose = 1 J.!S, !tall = 500J.!S, RsoURCE ~ 1 OQ 
I, Repetition Frequency= 5Hz 

TJ Junction Temperature Range -40 to 150 oc 
Top Operating Temperature Range -4010125 oc 
Tsig Storage Temperature Range -55to150 oc 

Note: The CirCUli IS ESD protected according to MIL-STD-883C. 

PIN CONNECTION (Top view) 

r---' 

2 > OUTPUT 

$ 3 > GROUND 

1 > INPUT 

~ 

~ tab connected to pin 3 1152L45SB-Bt 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-case Max 3 

2/4 
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L4945 · L4950 · L4951 

TEST CIRCUIT 

L4945 
UIN ,l. 1 L495B 2 

:E 
Uo 

8.1uF J: L4951 47uF 

3 

T "92L494S-B211 

ELECTRICAL CHARACTERISTICS (refer to the test circuit, V1 = 14. 4V, Co= 47~F. ESR < 10Q, 
Rp = 1 KQ, RL = 1 KQ, -40°C ~ TJ ~ 125°C, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage lo = OmA to 500mA 
Over Full T Range for L4945 4.80 5.00 5.20 

for L4950 8.16 8.50 8.84 
for L4951 9.60 10 10.4 

T1= 25°C for L4945 4.90 5.00 5.10 
for L4950 8.33 8.50 8.67 
for L4951 9.80 10 10.2 

v, Operatinqlnput Voltaqe Io = OmA to (") 500mA 6 26 

11Vo Line Regulation V, = 6V to 26V ; 2 10 
lo = 5mA 

11Vo Load Regulation lo = 5mA to 500mA 15 60 

v&slo Dropout Voltage Ia = 500mA, TJ = 25°C 0.40 0.55 
T Over Full T Ranqe 0.75 

lq Quiescent Current lo = OmA, TJ = 25°C 5 10 
lo = OmA Over Full T 6.5 13 
lo = 500mA Over Full T 110 180 

Unit 

v 
v 
v 

v 
v 
v 

v 

mV 

mV 

v 
v 

mA 
mA 
mA 

Temperature Output Voltage. -0.5 mv;oc 
Drift 

SVR Supply Volt. Rej. 10 = 350mA; f =120Hz 50 60 dB 
Co= 100f!F; 
V1 = 12V + 5Voo 

lsc Output Short Circuit Current 

(•) For a DC voltage 26 < V, < 37V the dev1ce 1s not operat1ng 

FUNCTIONAL DESCRIPTION 
The block diagram shows the basic structure of 
the devices :the reference, the error amplifier, the 
driver. the power PNP, the protection and reset 
functions. 
The power stage is a Lateral PNP transistor 
which allows a very low dropout voltage (typ. 
400mV at TJ = 25°C, max. 750mV over the full 
temperature range @ lo = 500mA). The typical 
curve of the dropout voltage as a function of the 
junction temperature is shown in Fig. 1 : that is 
the worst case, where lo = 500mA. 
The current consumption of the devices (quies
cent current) are maximum 1 OmA - over full T -

0.50 0.80 1.50 A 

when no load current is required. 
The internal antisaturation circuit allows a drastic 
reduction in the current peak which takes place 
during the start up. 
The three gain stages (operational amplifier, 
driver and power PNP) require the external capa
citor (Com1n = 20~F) to guarantee the global sta
bility of the system. 
Load dump and field decay protections(± SOV, t = 
300ms), reverse voltage (- 18V) and short circuit 
protection, thermal shutdown are the main fea
tures that make the devices specially suitable for 
applications in the automotive enviroment. 
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L4945 · L4950 · L4951 

Figure 1: Typical Dropout Voltage vs. TJ 
(Ia = 500mA). 

Vd 

C VI 

65(] 

688 

55(] 

5(](] 

458 

400 

350 

388 v 
-48 

v 
v 

48 

f1BBL4945·81 

I 
v 

v v 

88 T J C' C I 

EXTERNAL COMPENSATION 
Since the purpose of a voltage regulator is to sup
ply and load variations, the open loop gain of the 
regulators must be very high at low frequencies. 
This may cause instability as a result of the 

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

various poles present in the loop. To avoid this in
stability dominant pole compensation is used to 
reduce phase shift due to other poles at the unity 
gain frequency. The lower the frequency of these 
others poles at the unity gain frequency. The 
lower the frequency of these other poles, the 
greater must be capacitor esed to create the 
dominant pole for the same DC gain. 
Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequen
cybtoo low to be compensated by a capacitor 
which can be integrated. An external compensa
tion is therefore necessary so a very high value 
capacitor must be connected from the output to 
ground. 
The paeassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the 
system since its effect tends to cancel the effect 
of the pole added. In regulators this ESR must be 
less than 3Q and the minimum capacitor value is 
471-lF. 

4/4 
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L4947R 

5V-0.5A VERY LOW DROP REGULATOR WITH RESET 

• PRECISE OUTPUT VOLTAGE (5V ± 4%) 
OVER FULL TEMPERATURE RANGE 
(- 40 I 125 °C) 

• VERY LOW VOLTAGE DROP (0.75Vmax) 
OVER FULL T RANGE 

• OUTPUT CURRENT UP TO 500mA 
• RESET FUNCTION 
• POWER-ON RESET DELAY PULSE 

DEFINED BY THE EXTERNAL CAPACITOR 
• + 80V LOAD DUMP PROTECTION 
• - 80V LOAD DUMP PROTECTION 
• REVERSE VOLTAGE PROTECTION 
• SHORT CIRCUIT PROTECTION AND THER

MAL SHUT-DOWN (with hysteresis) 
• LOW START UP CURRENT 

DESCRIPTION 
The L4947/R is a monolithic integrated circuit in 
Pentawatt package specially designed to provide 
a stabilized supply voltage for automotive and in
dustrial electronic systems. Thanks to its very low 
voltage drop, in automotive applications the 
L4947/R can work correctly even during the 
cranking phase, when the battery voltage could 

BLOCK DIAGRAM 

INPUT 

October 1991 

Pentawatt 

ORDERING NUMBER: L4947/R 

fall as low as 6V. Furthermore, it incorporates a 
complete range of protection circuits against the 
dangerous overvoltages always present on the 
battery rail of the car. The reset function makes 
the device particularly suited to supply micropro
cessor based systems : a signal is available (after 
an externally programmable delay) to reset the 
microprocessor at power-on phase ; at power-off, 
this signal becomes low inhibiting the micropro
cessor. 

RESET 
OUTPUT 

/--------t----~-----+--u2 

5-10GB2 
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L4947 - L4947R 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage 
DC Reverse Input Voltage 
Transient Input Overvoltages : 
Load Dump: 
5ms ~ lnse ~ 10ms 
tt Fall Time Constant= 1 ooms 
RsouRcE ~ 0.5Q 
Field Decay : 
5ms ~ !tall ~ 1 Oms, RsouRCE ~ 1 OQ 
tr Rise Time Constant = 33ms 
Low Energy Spike : 
lnse = 11.1S, !tall = 5001.1S, RsoURCE ~ 1 OQ 
t, Repetition Frequency = 5Hz 

VA Reset Cutout Voltage 

TJ, Tsta Junctton and Storage Temperature Range 

Note: The circuit 1s ESD protected according to MIL·STD·883C. 

PIN CONNECTION (Top view) 

!» 

( \ 4 

3 

\.. ,J 2 
I 

I 
(tab connected to pin 3) 

5-10684 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-case 

TEST CIRCUIT 

L4947 

5-10681 

Value 

35 
-18 

80 

-80 

± 100 

35 

-55 to 150 

+Vour 
DELAY CAPACITOR(Cd) 

GND 
RESET OUT 

+v IN 

Max 

RESET 
OUTPUT 

Value 

3.5 

(•) Min. 2011F, ESR <!Oil overfull temperature range RP (pull up resistor) and RL (load) are both equal to 1Kil. 

Unit 

v 
v 
v 

v 

v 

v 
oc 
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L4947- L4947R 

ELECTRICAL CHARACTERISTICS (refer to the test circuit, Vi= 14. 4V, Co= 47!lF, ESR < 100, 
Rp = 1 Kn, RL = 1 Kn, -40°C:,; TJ :s: 125°C, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage lo = OmA to 500mA 4.80 5.00 5.20 v 
Over Full T Range 
TJ- 25°C 4.90 5.00 5.10 v 

v, Operatina Input Voltaae lo - OmA to (') 500mA 6 26 v 

!1Vo Line Regulation V, = 6V to 26V; 2 10 mV 
lo = 5mA 

!No Load Reaulation lo = 5mA to 500mA 15 60 mV 

V,-Vo Dropout Voltage lo = 500mA, TJ = 25oC 0.40 0.55 v 
Over Full T Ranoe 0.75 v 

lq Quiescent Current lo = OmA, TJ = 25°C 5 10 mA 
lo = OmA Over Full T 6.5 13 mA 
lo - 500mA Over Full T 110 180 mA 

!1Vo Temperature Output Voltage -0.5 mV/'C 
T Drift 

SVR Supply Volt. Rej. lo = 350mA ; f = 120Hz 50 60 dB 
Co= 100flF; 
V, = 12V + 5Vpp 

lsc Output Short CircUit Current 0.50 0.80 1.50 A 

VR Reset Output Saturation Voltage 1.5V < Vo < VRT (off), 0.40 v 
IR = 1.6mA 
3.0V < Vo < VRT (off), 0.40 v 
IR- 8mA 

IR Reset Output Leakaae Current Vo in Requlation, VR- 5V 50 uA 

VRTpeak Power On-Off Reset out Peak 1 KQ Reset Pull-up to V0 , TJ = 0.50 0.80 v 
Voltaae 25°C 

VRT (off) Power OFF Vo Threshold Vo@ Reset Out H to L 
Transition 4.70 v 
Tr25oC 4.75 Vo-D.15 v 

VRT (on) Power ON Vo Threshold Vo@ Reset Out L to H VRT(off) Vo- v 
Transition +0.05 0.04 

VHvst Power ON-Off Hysteresis VRT (on) -VRT (oft) 0.05 v 

vd Delay Comparator lhreshold Vd@ Reset Out L to H 3.65 4.00 4.35 v 
Trans1t1on 

Vd@ Reset Out H to L 3.20 3.55 3.90 v 
Transition 

VdH Delay Comparator Hysteresis 0.45 v 

ld Delay Capacitor Charging Vd = 3V, TJ = 25°C 20 ill A 
Current 

VdiSCh Delay Capacitor Discharge Vo < VRT (off) 0.55 1.20 v 
Voltaae 

Td Power on Reset Delay Time Cd = 100nF, TJ = 25°C 10 20 30 ms 

(') For a DC voltage 26 < V, < 37V the device is not operat1ng 

FUNCTIONAL DESCRIPTION functions. 

The L4947/R is a very low drop 5V/0.5A voltage 
regulator provided with a reset function and there
fore particularly suited to meet the requirements 
of supplying the microprocessor systems used in 
automotive and industrial applications. 
The block diagram shows the basic structure of 
the device : the reference, the error amplifier, the 
driver, the power PNP, the protection and reset 

The power stage is a Lateral PNP transistor 
which allows a very low dropout voltage (typ. 
400mV at TJ = 25°C, max. 750mV over the full 
temperature range @ lo = 500mA). The typical 
curve of the dropout voltage as a function of the 
junction temperature is shown in Fig. 1 : that is 
the worst case, where lo = 500mA. . 
The current consumption of the device (quiescent 
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L4947- L4947R 

current) is maximum 13mA - over full T - when no 
load current is required. 

The internal antisaturation circuit allows a drastic 
reduction in the current peak which takes place 
during the start up. 
The reset function supervises the regulator output 
voltage inhibiting the microprocessor when the 
device is out of regulation and resetting it at the 
power-on after a sellable delay. The reset is LOW 
when the output voltage value is lower than the 
reset threshold voltage. At the power-on phase 
the output voltage increases (see Fig. 2) and -
when it reaches the power-on Vo threshold VRT 
(On) - the reset output becomes HIGH after a 
delay time set by the external capacitor Cd. At the 
power-off the output voltage decreases : at the 
VRT(Off) threshold value (Vo-0.15V typ. value) the 
reset output instantaneously goes down (LOW 
status) inhibiting the microprocessor. The typical 

Figure 1: Typical Dropout Voltage vs. T1 

Vd 

(Vl 

65{3 
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(Ia = 500mA). 
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v 

-413 
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I 

/ 
/ 

v 

413 813 Tj I" Cl 

Figure 2: Reset Waveforms: 
(1) Without External Capacitor Cd. 
(2) With External Capacitor Cd. 

VR 

Vdthh 
Vdthl 

power on-off hysteresis is SOmV. 
The three gain stages (operational amplifier, 
driver and power PNP) require the external capa
citor (Comin = 2011F) to guarantee the global sta
bility of the system. 
Load dump and field decay protections (± 80V), 
reverse voltage (- 18V) and short circuit protec
tion, thermal shutdown are the main features that 
make the L4947/R specially suitable for applica
tions in the automotive enviroment. 

EXTERNAL COMPENSATION 
Since the purpose of a voltage regulator is to sup
ply and load variations, the open loop gain of the 
regulator must be very high at low frequencies. 
This may cause instability as a result of the 
various poles present in the loop. To avoid this in
stability dominant pole compensation is used to 
reduce phase shift due to other poles at the unity 
gain frequency. The lower the frequency of these 
others poles at the unity gain frequency. The 
lower the frequency of these other poles, the 
greater must be capacitor esed to create the 
dominant pole for the same DC gain. 

Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequen
cybtoo low to be compensated by a capacitor 
which can be integrated. An external compensa
tion is therefore necessary so a very high value 
capacitor must be connected from the output to 
ground. 
The paeassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the 
system since its effect tends to cancel the effect 
of the pole added. In regulators this ESR must be 
less than 3Q and the minimum capacitor value is 
471-!F. 

Vol----....-
5-10665 
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L4948 

QUAD VOLTAGE REGULATOR WITH INHIBIT AND RESET 

• 4 OUTPUTS: 10V (300mA); SV (400mA); 5V 
(600mA); 5V (100mA) 

• 1 OV AND 5V (1 OOmA) OUTPUT ARE LOW 
DROP 

• 5V (1 OOmA) ST-BY OUTPUT VOLTAGE 
• EARLY WARNING OUTPUT FOR SUPPLY 

UNDERVOLTAGE (LVW) 
• THERMAL SHUTDOWN AND CURRENT 

LIMITATION (FOLDBACK) 
• REVERSE BATTERY AND LOAD DUMP 

PROTECTION 
• INHIBIT (ON/OFF) AND RESET FUNCTIONS 

DESCRIPTION 
The L4948 is a quad output low drop voltage 
regulator. The four outputs are a low drop 1 OV at 
300mA (Vot), a SV at 400mA (Vo2), a 5V at 
600mA (Vo3) and a low drop 5V st-by line at 
1 OOmA (Vo4). 

The IC includes a monitoring circuit to warn if a 
low voltage or no voltage condition is occurring. 
Vot,2,3 are off during st-by mode. 

BLOCK DIAGRAM 

BATT 
1 

STCAP .--. REFERENCE 
9 

ON/OFF AND 
ON/OFF THERMAL 

4 
SHUTDOWN -

.. ~ [ 7.BU 

~ 
~·~'" tt>-

7 
GND 

8 5 

PRODUCT PREVIEW 

MUL TIPOWER BCD TECHNOLOGY 

Multiwatt 11 

ORDERING NUMBER: L4948 

The STCAP pin allows the battery voltage to 
decay slowly giving the J.LP time to store data. 
This IC is designed for supplying microcomputer 
controlled systems specially in automotive appli
cations. 

L4948 
3 

HIU, 3BBMA UOUT1 - r--t 
REGULATOR t-

r--t 

2 
BU, 4BBMA UOUT2 
REGULATOR -........ 

11 
5U, 6BBMA UOUT3 

'--- ........ 
REGULATOR ,__ 

........ 

6 ........ 5U, 1BBMA PWRGND 
SB REGULATOR 

18 
UOUT4 

LW RESET f192L494B-B1B 

October 1992 1/7 
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OPERATING CONDITION 

Symbol Parameter 

Vs Supply Voltage 

IL Load Current lot 
lo2 
loo 
104 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Supply Voltage 

VI Input Voltage (ON/OFF} 

Vo Output Voltage (LVW, Reset} 

Tsta Storaoe Temperature Ranoe 
T Junction Temperature Range 

Load Dump (5ms rise, 115ms decay} 

PIN CONNECTION 

-$- 19 

APPLICATION CIRCUIT 

Us 7 

UOUT1 UOUT2 UOUT3 UOUT4 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-case 

UOUT3 

UOUT4 

STCAP 

LUW 
GNO 

PWR GND 

RESET 

ON/OFF 

UOUT1 

UOUT2 

Us 

t192LJ94B-921l 

Value 

-15 to 27 

300 
400 
600 
100 

Value 

-35 to 60 

Oto 12 

Oto 12 

-65 to 150 

max 150 

60 

+-+-TO uP 

LUIJ 

lf92L-19-IB-B9 

Value 

max 2 

Unit 

v 
rnA 
rnA 
rnA 
rnA 

Unit 

v 
v 
v 
oc 
oc 
v 
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ELECTRICAL CHARACTERISTICS (Vs = I 0.5 to I 6V; lo1 = lo2 = !03 = 5mA; lo4 = 0.5mA; Co = I 011F 
max; Tamb = -40 to 85°C, unless otherwise specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vo1 Output Voltage lo1 = 300mA; Tamb = 25°C; 9.7 10 10.3 v 
11 V < V s < 16V all temps 9.5 10 10.5 v 

D.Vo1 Load Regulation lo1 = 6 to 300mA 150 mV 

Ia Quiescent Current (D.Is) Vs = 14V; lo1 = 6mA; 10 mA 
Vs =14V; lo1 = 300mA; 30 mA 

Vs-Vo1 Dropout Voltage lo1 = 300mA 
set Vs = Vo1+0.SV; Tamb = 25°C; 600 mV 
set Vs = Vo1+0.8V;all 900 mV 

lo1 = 6mA 
set Vs = Vo1+0.15V; Tamb = 25°C; 200 mV 
set Vs = Vo1+0.2V;all temps 300 mV 

IL Current Lrmit Vo1 = OV 150 800 mA 

Vo1 Max Bat. Trans. Ro= 100Q 
Ramp Vs from 14 to 60V in 3-5ms 11 v 
Hold Vs at 60V for 1 Oms 2 v 
Ramp Vs from 60to 14V rn3-5ms; 
Tamb = 25°C; 9.7 10 10.3 v 
all temps 9.5 10 10.5 v 

Vo1 Rev. Voltage Trans. Vs = -35V; t = 1 ms; Ro = 100Q 
Check Vo1, standard Tamb = 25°C; 9.7 10 10.3 v 
all temps 9.5 10 10.5 v 

Vo1 Rev. Voltage. Vs= -15V; t = 30s; Ro= 100Q -0.4 1 v 
Ripple rejection fo= 120.10KHz; 1VppAC ;Vs=14V 50 

lo1 = 180mA; lo2 = 200mA. dB 
lo3 = 400mA; lo4 = 40mA; 

fo= 20-20KHz; 1VppAC; Vs=14V 45 dB 
lo1 = 180mA; lo2 = 200mA. 
lo3 = 400mA; lo4 = 40mA; 

/!..Vo1 Line Regulation 
D. Vo1 across V s range Vs = 11 V to 26V 50 mV 
D. Vo1 across V s range Vs = 1 0.5V to 1 0.99V 500 mV 
Vo1- Vs across Vs range Vs = 1 0.2V to 1 0.49V 300 mV 

Vo2 Output Voltage l02 = 400mA; Tamb = 25°C; 7.75 8 8.25 v 
all temps 7.60 8 8.40 v 

D.Vo2 Load Requlation lo2 = 8 to 400mA 150 mV 

D. Ia Quiescent Current (/!..Is) Vs= 14V; lo2 = 8mA; 10 mA 
Vs = 14V; lo2 = 400mA; 30 mA 

Vs-Vo2 Dropout Voltage lo2 = 400mA 
set Vs = V02+ 1 V; Tamb = 25°C; 1.1 v 
set Vs = V02+ 1.5V;all temps 1.6 v 
lo2 = 8mA 
set Vs = Vo2+0.8V; Tamb = 25°C; 400 mV 
set Vs = Vo2+0AV;all temps 500 mV 

lL Current Limit Vo2 = OV 180 960 mA 

V02 Max Bat. Trans. Ro= 100Q 
Ramp Vs from 14 to 60V m 3-5ms 9 v 
Hold Vs at 60V for 1 Oms 2 v 
Ramp Vs from 60 to 14V rn 3-5ms; 
Tamb = 25°C; 7.75 8 8.25 v 
all temps 7.60 8 8.40 v 

Vo2 Rev. Voltage Trans. Vs=-35V; t=1ms;Ro=100Q 
Check Vo2, standard Tamb = 25°C; 7.75 8 8.25 v 
all temps 7.60 8 8.40 v 

3/7 -------------- L··u ~~~~m~::O!~l! --------------
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L4948 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vo2 Rev. Voltage . Vs= -15V; t = 30s; Ro= 100Q -0.4 1 v 
Ripple rejection fo= 120-10KHz; 1VppAC ;Vs=14V 50 dB 

lo1 = 180mA; lo2 = 200mA. 
lo3 = 400mA; lo4= 40mA; 

fo=20-20KHz; 1VppAC ;Vs=14V 45 dB 
lo1 = 180mA; 102 = 200mA. 
lo3 = 400mA; lo4 = 40mA; 

t1Vo2 Line Regulation 
t1V02 across Vs range Vs = 1 0.5V to 26V 40 mV 
11 V02 across Vs range Vs = 9V to 1 0.49V 700 mV 
V02- Vs across Vs range Vs = 7V to 8.99V 1.5 v 

Vo3 Output Voltage lo3 = 600mA; Tamb = 25°C; 4.85 5 5.15 v 
all temps 4.75 5 5.25 v 

(>,Vo3 Line Regulation Vs= 7Vto 26V 40 mv 
(>,Vo3 Load Regulation lo3 = 4 to 600mA 100 mV 

!'.lo Quiescent Current (!'.Is) Vs = 14V; lo3 = 4mA; 8 rnA 
Vs = 14V; lo3 = 600mA; 40 rnA 

Vs-Vo3 Dropout Voltage lo3= 600mA 
set Vs = Vo3+1V; Tamb = 25°C; 1.1 v 
set Vs = Vo3+ 1.5V;all 1.6 v 
lo3 = 4mA 
set Vs = V03+0.3V;Tamb = 25°C; 400 mV 
set Vs = Vo3+0.4V;all 500 mV 

IL Current Limit Vo3= OV 250 1440 mA 

V03 Max Bat. Trans. Ro= 100Q 
Ramp Vs from 14 to 60V in 3-5ms 6 v 
Hold Vs at 60V for 1 Oms 2 v 
Ramp Vs from 60 to 14V in 3-5ms; 
Tamb = 25°C; 4.85 5 5.15 v 
all temps 4.75 5 5.25 v 

Vo3 Rev. Voltage Trans. Vs = -35V; t ,.;1ms; Ro= 100Q 
Check V03, standard Tamb = 25°C; 4.85 5 5.15 v 
all temps 4.75 5 5.25 v 

Vo3 Rev. Voltage. Vs = -15V; t = 30s; Ro= 100Q -0.4 1 v 
Ripple rejection fo= 120-10KHz; 1VppAC; Vs=14V 50 dB 

lo1 = 180mA; lo2 = 200mA. 
lo3 = 400mA; lo• = 40mA; 

fo =20-20KHz; 1 Vpp AC ; Vs = 14V 45 dB 

Vo• Output Voltage lo4 = 1 OOmA; T amb = 25°C; 4.85 5 5.15 v 
all temps 4.75 5 5.25 v 

!1Vo4 Line Regulation Vs = 7Vto 26V 40 mV 

!'.Vo• Load Regulation lo4 = 0.4 to 1 OOmA 80 mV 

!'.Ia Quiescent Current Vs = 14V; lo4 = 2mA; 450 J.!A 
Vs = 14V; lo4 = 100mA; 20 mA 

Vs-Vo• Dropout Voltage lo4 = 100mA 
set Vs = Vo4+0.5V; Tamb = 25°C; 600 mV 
set Vs = Vo4+0.8V;all temps 900 nW 
lo4 = 0.4mA 
set Vs = V04+0.15V;Tamb = 25°C; 200 mV 
set Vs = Vo4+0.2V;all temps 300 mV 

IL Current Limit Vo•= OV 50 300 mA 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Condition Min. Tvo. Max. Unit 

Vo4 Max Bat. Trans. Ro = 1000Q 
Ramp Vs from 14 to 60V in 3-5ms 6 v 
Hold Vs at 60V for 1 Oms 6 v 
Ramp Vs from 60 to 14V in 3-5ms; 
Tamb = 25°C; 4.85 5 5.15 v 
all temps 4.75 5 5.25 v 

Vo4 Rev. Voltage Trans. Vs = -35V; t = 1 ms; Ro= 1000Q 
Check V04, standard Tamb = 25°C; 4.85 5 5.15 v 

all temps 4.75 5 5.25 v 
Vo• Rev. Voltage . Vs = -15V; t = 30s; Ro= 1000Q -0.4 1 v 

R1pple rejection fo= 12Q-10KHz; 1VppAC; Vs=14V 50 dB 
lo1 = 180mA; lo2 = 200mA. 
103 = 400mA; lo4 = 40mA; 

fo= 20-20KHz; 1VppAC; Vs=14V 45 dB 
lo1 = 180mA; 102 = 200mA. 
lo3 = 400mA; lo4- 40mA; 

ON/OFF Input Current Vs = 14V; V1H = >2V; 1 J.!A 
Vs = 14V; V1L = <0.8V; -1 J.!A 

VI ON/OFF Input Threshold Vs = 14V V1L 0 0.8 v 
Vs=14VVIH 2 12 v 

VR Reset Output Voltage Vs so that Vo• < 4.75V; 0 0.75 v 
Ro=200KQto Vo4; V1L = "0" 

Vs so that Vo4 >4.75V; 2.75 12 v 
Ro-200KQto Vo4; VIH- "1" 

Reset Output Transition Time 20 ms 

LVW Output Threshold .. Ramp Vsdown until LVW 7.0 8.2 v 
switches from"1" to a "0" 

LVW Transition Time 20 ms 

LVW Output Voltage STCAP <6.5V;Ro = 200KQ to 0 0.75 v 
Vo4; VIL = "0" 

STCAP >7.5V;Ro=200KQto 2.75 12 v 
Vo•: V1H- "1" 

Reset Output Stability Vs IS set such that 1 ,; Vo4 ,; 50 mV 
4V; IOUT4 = 2mA; VON/OFF= 0 
meas reset variation 

lq St-By Quiescent Current (<'.Is) VoN/OFF= OV, lo• = 100mA; 20 mA 
Vs = 14V; lo1.2.3 = OmA 

VoN/OFF= OV.Io 4 = 2mA; 450 J.!A 
Vbat= 14V; lo1.2,3 = OmA 

Maximum Quiescent Current Vs = 14V; lo1 = 300mA; 100 mA 
(<'.Is) lo2 = 400mA. lo3 = 600mA; 

lo4 = 1 OOmA; Vo = 5V 

STCAP Output Voltage Vs=24V; 15 17 v 
Vs= 60V. 1ms 18 v 

FUNCTIONAL DESCRIPTION 
The L4948 includes a monitoring circuit to warn 
the microprocessor if a low voltage or no voltage 
condition is occurring. Between 6.5V and 7.5V on 
the STCAP pin, the LVW output will go low. This 
tells the microprocessor to stop executing code 
and save vital information. When the Vo4 drops 
between 4 and 5V the RESET output goes low. It 
is very important that the RESET output doesn,t 
go above 0.75V until the Vo4 output has gone 

back above 4.6V (typical). The microprocessor 
looks for a rising edge. So, any spike will tell the 
microprocessor to start operating. Once the 
STCAP line passes 7V (typical), the LVW output 
will also return to high state. 
The STCAP pin acts like a delay circuit. Due to 
the large capacitor (470J.!F), the STCAP pin allows 
the battery voltage to decay slowly giving the 
microprocessor time to store data. Also, during 
short low voltage or negative voltage conditions, 
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the STCAP pin protects the 5V st-by output f~om 
dropping below the RESET and LVW tnp pomts 
The four output are expected to follow the battery 
voltage down to 7V. At 7V the outputs are ex
pected to be remain alive and ready for a return 
of the battery. 

TIMING DIAGRAM 

""bz STCAP 

(U J • 

0. g 

Graphs of the Output Curves for Vo1 ,2,3 and 4 

The L4948 has a st-by mode to keep the micro
processor and memories allive during an ignition 
off conditions. The ON/OFF input pin in controlled 
by the microprocessor. An high on the ON/OFF 
pin places the part in normal mode. A low on the 
ON/OFF pin places the part in normal mode. 

TIME 

87.22 ~:-~·~.:~~~~::--:--.:~::~.~-~:~~~~~:.~-:---~ .• ~ .. ~ .. 7.:·' . 
. 

6,9 

Uo2 

1-~~~~~-~~~~~·~=;==~~~~~~ 5,5 L..""""'O"""""'o" 

18.5 9.1 9.8 7.e Vs 16.8 

N92L4948-851l 
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Graphs of the Output Curves for Vo1,2,3 and 4 (Cont.) 

16.8 6.75 6.25 6.8 , 

Vo4 

4.75~~~~~~~~ 

4.59 

16.8 6.15 5.65 5.4 
1192L4!UB-fl6 

Notes and Information 
The followtng informatton ts for clanflcatton, not for spectftcatton deftnttton. 
Please use the informatton in this way 

L4948 

4.5 Vs 

4.5 l!s 
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L4949 
MULTIFUNCTION VERY LOW DROP 

VOLTAGE REGULATOR 

• OPERATING DC SUPPLY VOLTAGE RANGE 
5V- 28V 

• TRANSIENT SUPPLY VOLTAGE UP TO 40V 
• EXTREMELY LOW QUIESCENT CURRENT 

IN STANDBY MODE 
• HIGH PRECISION STANDBY OUTPUT VOLT

AGE5V±1% 
• OUTPUT CURRENT CAPABILITY UP TO 

100mA 
• VERY LOW DROPOUT VOLTAGE LESS 

THAN 0.4V 
• RESET CIRCUIT SENSING THE OUTPUT 

VOLTAGE 
• PROGRAMMABLE RESET PULSE DELAY 

WITH EXTERNAL CAPACITOR 
• VOLTAGE SENSE COMPARATOR 
• THERMAL SHUTDOWN AND SHORT CIR

CUIT PROTECTIONS 

BLOCK DIAGRAM 

uz 

February 1992 

ADVANCE DATA 

Minidip S0-8 
ORDERING NUMBERS: 

L4949N L4949DN 

DESCRIPTION 
The L4949 is a monolithic integrated 5V voltage 
regulator with a very low dropout output and addi
tional functions as power-on reset and input volt
age sense. It is designed for supplying the micro
computer controlled systems especially in 
automotive applications. 

Uout CT 

so 

1/6 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vsoc DC Operating Supply VoltaQe 28 v 
Vsm Transient Supply Voltage (T < 1 s) 40 v 

lo Output Current Internally Limited 

Vo Output Voltage 20 v 
1st Sense Input Current +1 rnA 

lEN Enable Input Current -1 rnA 

VEN Enable Input Voltage Vs 

VRES, Vso Output Voltages 20 v 
IRES, lso Output Currents 5 rnA 

Vz Preregulator Output Voltage 7 v 
lz Preregulator Output Current 5 rnA 

TJ Junction Temperature -40 to +150 oc 
Tstq Storage Temperature Range -55 to +150 oc 

Note: The c1rcuit IS ESD protected according to MIL-STD-883C 

THERMAL DATA 

Symbol Description Minidip I SO-B Unit 

Rth -amb Thermal Resistance Junction-ambient I Max 100 I 200 oc;w 
TJSD Thermal Shutdown Junction temperature 165 oc 

ELECTRICAL CHARACTERISTICS (Vs = 14V; -40°C < Ti < 125"C unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vo Output Voltage TJ = 25°C; lo = 1mA 4.95 5 5.05 v 
Vo Output Voltage 6V < VtN < 28V, 1mA < lo <SOmA 4.90 5 5.10 v 
Vo Output Voltage VtN = 35V; T < 1s 1mA< lo<50mA 5.50 v 
Vop Dropout Voltage lo = 10mA 0.1 0.25 v 

lo =SOmA 0.2 0.4 v 
lo= 100mA 0.3 0.5 v 

Vto Input to Output Voltage VtN = 4V, lo = 35mA 0.4 v 
Difference in Undervoltage 
Condition 

VoL Line Regulation 6V < VtN < 28V; lo = 1 rnA 20 mV 

VoLO Load Regulatton 1 mA < lo < 1 OOmA 30 mV 

luN Current Limit Vo=4.5V 105 200 400 rnA 
Vo = OV (note 1) 50 rnA 

losE Quiescent Current lo = 0.3mA; TJ < 1 oooc 150 260 uA 

Ia Quiescent Current lo = 100mA 5 rnA 

RESET 

Reset Thereshold 

Note 1. Foldback charactenst1c 

2/6 ------------- L.,l ~~~~~~=:~~~ -------------
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Condition 

lAo Reset Pulse Delay CT = 1 OOnF; T A 2:100~s 

lAA Reset Reaction Time CT = 100nF 

VAL Reset Output Low Voltage RAES = 10KQ to Vo Vs 2: 3V 

IAH Reset Output High Leakage Current VRES = 5V 

VcTth Delay Comparator Thereshold 

VcTth, hy Delay Comparator Thereshold 
Hysteresis 

SENSE 

Vst Sense Low Thereshold 

Vsth Sense Thereshold Hysteresis 

VsL Sense Output Low Voltage Vs1:;; 1.16V; Vs 2: 3V 
Rso = 10KQ to Vo 

IsH Sense Output Leakage Vso = 5V; V51 > 1.5V 

ls1 Sense Input Current 

PREREGULATOR 

Preregulator Output Voltage lz= 10~ 

Preregulator Output Current 

APPLICATION CIRCUIT 

... -It-: Uout 

UZCoptionall ' 

UBAT 

SI 2 

:c 

For stability: Cs;::: 1 11F, Co:::: 4.7!1F, ESR < 1 QQ at 1OKHz 
Recommended for application: Cs = Co = 1 D11F 

SENSE 

L4949 

Min. Typ. Max. Unit 

55 100 180 ms 

5 30 ~s 

0.4 v 
1 ~A 

2 v 
100 mV 

U6 1.23 1.35 v 
20 100 200 mV 

0.4 v 

1 ~A 

-1 0.1 1 ~A 

Uout 

so 
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APPLICATION INFORMATION 
Supply Voltage Transient 

High supply voltage transients can cause a reset 
output signal disturbation. 
For supply voltages greater than 8V the circuit 
shows a high immunity of the reset output against 
supply transients of more than 1 OOV /flS. 
For supply voltages Jess than 8V supply tran
sients of more than 0.4V/f1S can cause a reset 
signal disturbation. 
To improve the transient behaviour for supply 
voltages less than 8V a capacitor at pin 3 can be 
used. 
A capacitor at pin 3 (C3 :::; 1 flF) reduces also the 
output noise. 

Figure 1: Fold back Characteristic of Vo 

Uout 
1198L4949-83 

!Ul 

...... ,.J 
5 

v -
/' 

8 
18 58 IoutlmAl 188 

FUNCTIONAL DESCRIPTION 
The L4949 is a monolithic integrated voltage 
regulator, based on the STM modular voltage 
regulator approch. Several outstanding features 
and auxiliary functions are implemented to meet 
the requirements of supplying microprocessor 
systems in automotive applications. Nevertheless, 
it is suitable also in other applications where the 
present functions are required. The modular ap
proach of this device allows to get easily also 
other features and functions when required. 

Voltage Regulator 
The voltage regulator uses an Isolated Collector 
Vertical PNP transistor as a regulating element. 
With this structure very low dropout voltage at 
currents up to 1 OOmA is obtained. The dropout 
operation of the standby regulator is maintained 
down to 3V input supply voltage. The output volt
age is regulated up to the transient input supply 
voltage of 35V. With this feature no functional in
terruption due to overvoltage pulses is generated. 

The typical curve showing the standby output 
voltage as a function of the input supply voltage is 
shown in Fig. 2. 
The current consumption of the device (quiescent 
current) is less than 200f1A. 
To reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region, the dropout voltage is 
controlled, the quiescent current as a function of 
the supply input voltage is shown in Fig. 3. 

Preregulator 
To improve the transient immunity a preregulator 
stabilized the internal supply voltage to ?V. This 
internal voltage is present at Pin 3 (Vz). This volt
age should not be used as an output because the 
output capability is very small (::::1 OflA). This out
put may be used as an option when a better tran
sient behaviour for supply voltages Jess than 8V 
is required (see also application note). In this 
case a capacitor (1 OOnF - 1 flF) must be con
nected between Pin 3 and GND. If this feature is 
not used Pin 3 must be left open. 

Figure 2: Output Voltage vs. Input Voltage 

U OUTl 

su 

0U 2U su -Us 35U 

1198L4949-84 

Figure 3: Quiescent Current vs. Supply Voltage 

l2. 8 
IQ 
rnA 

1.5 

1.8 

0.5 

0 

1198L4949-85 
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Reset Circuit 
The block circuit diagram of the reset circuit is 
shown in Fig. 4. The reset circuit supervises the 
output voltage. The reset thereshold of 4.5V is 
defined with the internal reference voltage and 
standby output drivider. 
The reset pulse delay time tRo, is defined with the 
charge time of an external capacitor CT: 

CT· 2V 
tRo=---

21lA 

The reaction time of the reset circuit originates 
from the discharge time limitation of the reset ca
pacitor CT and is proportional to the value of CT. 
The reaction time of the reset circuit increases the 
noise immunity. Standby output voltage drops 

Figure 4 

REF 1.23U 

L4949 

below the reset threshold only a bit longer than 
the reaction time results in a shorter reset delay 
time. The nominal reset delay time will be gener
ated for standby output voltage drops longer than 
approximately 501ls. . 
The typical reset output waveforms are shown 1n 
Fig. 5. 

Sense Comparator 
The sense comparator compares an input signal 
with an internal voltage reference of typical 1.23V. 
The use of an external voltage divider makes this 
comparator very flexible in the applicatio~. It can 
be used to supervise the input voltage e1ther be
fore or alter the protection diode and to give addi
tional informations to the microprocessor like low 
voltage warnings. 

2u 
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Figure 5 

UOUT 

5.BU 
URTt8,1U 

UKT 

3U 

.n413U 

-+. tR :.-

RESETl·~----~~~--------~~~~--------~~----~--------~----~ . :I I I :I :I 
~ -oi:..~ 

tRR 

SIJITCH ON INPUT DROP I DUMP I OUTPUT OUERLOAO I SIJITCH OFF 

1198L~9~9-8? 

t 
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L9222 

QUAD INVERTING TRANSISTOR SWITCH 

• OUTPUT VOLTAGE TO 50V 
• OUTPUT CURRENT TO 1.2A 
• VERY LOW SATURATION VOLTAGE 
• TTL COMPATIBLE INPUTS 
• INTEGRAL SUPPRESSION DIODE 

DESCRIPTION 
The L9222 monolithic quad transistor switch is de
signed for high current, high voltage switching appli
cations. 

Each of the four switches is controlled by a logic 
input and all four are controlled by a common enable 
input. All inputs are TTL-compatible for direct con
nection to logic circuits. Each switch consists of an 
open-collector transistor plus a clamp diode for ap
plications with inductive loads. 

BLOCK DIAGRAM 

+ Ycc=5V 

11 

IN1 

IN 2 

IN 3 

IN 4 

ENABLE 
14 

October 1990 

Powerdip (12+2+2) 

ORDERING NUMBER : L9222 

The emitters of the four switches are connected 
together to GND. The switches of the same device 
may be paralled. The device is intended to drive coils 
such as relays, solenoids, unipolar stepper motors, 
LED etc. 

COIL 2 

OUT3 COIL 3 

6 

7 

OUT4 
COIL4 

8 

5-9257 

1/3 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VouT Output Voltage 

Vee Logic Supply Voltage 

v, Input Voltage 

T1, TsT Junction and Storage Temperature Range 

PIN CONNECTION (top view) 

TRUTH TABLE 

Enable Input 

H L 
H H 
L X 

For each mpu1 : H= H1gh level 
L= Low level 

X = Don't care 

THERMAL DATA 

OUT 1 1 

CLAMP A 2 

OUT 2 3 

GND I 4 

GND I 5 

OUT 3 I 6 

CLAMP B I 7 

ouT 4 ( e 

Power Out 

ON 
OFF 
OFF 

Thermal Resistance Junction-ambient 

2/3 
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16 IN 1 

15 IN 2 

,~ ENABLE 

13 ~ 

12 ~ 

11 ~ 

10 ~ 

9 ~ 
s. 9 258 

Max 
Max 

GND 

GND 

Vee 

IN3 

IN 4 

Value 

- 0.7 to 50 

7 

- 0.7 to Vee + 0.3 

-55 to 150 

90 
14 

Unit 

v 
v 
v 
oc 



L9222 

ELECTRICAL CHARACTERISTICS 
(V cc = 5Vdc ± 5% V EN = 5V- 40 :s; T1 :s; 1 05°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VcE(sus) Output Sustaming Voltage V1N =2V VEN =2V 46 v 
louT= 100mA 

IcE X Output Leakage Current VeE = 50V 1 rnA 
VIN = 2V, VEN = 0.8V 

V CE(sal) Collector Emitter Saturation V1N"' O.BV louT= 0.1A 0.3 v 
louT = 0.3A 0.5 

0.8 
louT= 0.6A 
-40 + 105°C 

VIL Input Low Voltage 0.8 v 
I1L Input Low Current VIN = 0.4V -15 flA 

VIH Input High Voltage 2.0 v 
IIH Input High Current V1N "'2.0V -15 flA 
Is Logic Supply Current All Outputs ON 50 90 rnA 

louT= 06A 

All Outputs OFF 10 20 rnA 

lA Clamp D1ode Leakage Current VA= 50V 100 flA 
Diode Reverse Voltage 

VF Clamp Diode Forward Voltage IF = 0.6A 1.8 v 
IF= 1.2A 2.0 

louT Output Current V1N = 0.4V, Vs = 13V 0.9 1.2 A 
R = 10Q 

T PHL Propagation Delay Time T1 = 25°C 20 flS 
(h1gh to low transition) IL = 600mA 

T PHL Propagation Delay Time IL = 600mA 20 flS 
(low to h1gh transition) T1 = 25°C 

VENL Low Enable Voltage 0.8 v 
IENL Low Enable Current VEN = 0.4V -15 flA 

VENH High Enable Voltage 2.0 v 
IENH High Enable Voltage VEN "'2.0V -15 15 flA I 
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L9305A 

DUAL HIGH CURRENT RELAY DRIVER 

• HIGH OUTPUT CURRENT 
• HYSTERESIS INPUT COMPARATOR WITH 

WIDE RANGE COMMON MODE OPERATION 
AND GROUND COMPATIBLE INPUTS 

• INPUT COMPARATOR HYSTERESIS 
• INTERNAL THERMAL PROTECTION WITH 

HYSTERESIS 
• INTERNAL OUTPUT OVERVOL TAGE CLAMP

ING 
• SINGLE SUPPLY VOLTAGE (3.5V up to 18V) 

DESCRIPTION 
The L9305A is a monolithic interface circuit with dif
ferential input comparator and open collector output 
able to sink high current specifically to drive relays, 
lamps, d.c. motors. 

Particular care has been taken to protect the device 
against destructive failures - short circuit of outputs 
to Vs, output overvoltages, supply overvoltage. 

BLOCK DIAGRAM 

u 
ST 

2 

R 
L 

L 
R 

January 1992 

5 

u 

Powerdip (8 + 8) 

ORDERING NUMBER : L9305A 

A built in thermal shut-down switches off the device 
when the IC's internal dissipation becomes too great 
and the chip temperature exceeds a set security 
threshold. 

A hysteresis input comparator increases the interfa
ce's noise immunity, allowing the correct use also in 
critical environments as automotive or industrial ap
plications. 

3 d 

zs R R 
D L 

L 
R 

NBBL9385-BJ 
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L9305A 

fl8SOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vs Supply Voltage (*)_20 

v7 Driver Supply Voltage 26 

Izs Supply Zener Clamp Current (DC) 30 
(PULSED) (**) 80 

VI Comparator Input VoltaQe RanQe -0.2 to 24 

VI Differential Input VoltaQe 24 

T, Tsla Junction and Storage Temperature -55 to 150 

Ptol Power Dissipation at Tamb = 85°C 928 

Ia Output Current Int. limited 

(') The max1mum allowed supply voltage Without series resistors 1s l1m1ted by the bu1lt·1n zener protect1on d1odes 
( .. ) T, ~ 2 5 ms ; repe11t10n time ;:, 30 ms 

PIN CONNECTION (top view) 

NON INVERTING 
INPUT I 

INVERTING 
INPUT 1 

INVERTING 
INPUT 2 

NON IVERTING 
INPUT 2 

SUPPLY VOLT AGE 

OUTPUT 2 

DRIVER SUPPLY 
(COMMON) 

OUTPUT 1 

THERMAL DATA 

2/4 
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Thermal Resistance Junction-pins 
Thermal Resistance Junction-ambient 

16 h 

15 

14 

13 

12 

11 

10 

S-79]] 

Max 
Max 

GROUND 

15 
70 

Unit 

v 
v 

mA 
mA 

v 
v 
oc 

mW 



L93l_ 

ELECTRICAL CHARACTERISTICS (V5 = 14.4 V, Tamb = 25°C ; refer to block diagram unless otherwise spe
cified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Supply Voltage 3.5 18* v 

Is "st.by" Su!Jply Current v, +- v,-?:. 70mV 5 8 mA 

I soN Su!Jply Current v,-- v, + > 70mV 18 30 mA 

Vcz Output Clamping Voltage (for louT= 1A 20 27 v 
each channel) 

Vzs Supply Voltage Clamp lzs = 10mA 20 27 v 

VtH Comparator Hysteresis v,·-v, =200mVpp 20 70 mV 
I= 1kHz 

Is Input Bias Current v· = v = ov 0.2 1 ~A 

los Input Offset Current v• = v = ov ± 20 + 200 nA 

CMR Input Common Mode Range Vs = 3.5V to 18V 0 Vs-1.6 v 

lsc Output Short CircUit Current for v, - v, •?:. 70mV Vout = 16.5V 0.85 A 
Each Channel Vout = 6V 2.5 A 

leo Driver Transistor Current v, - v,•?:. 70mV DC 300 mA 
Capability Pulsed( .. ) 600 mA 

VcsAT On Status Saturation Voltage v, - v,·?:. 7omv 1 v 
leo= 100mA 
lcouT = 1.2A 

loL Output Leakage Current v,·-v, > 70mV 250 ~A 

• T mJ 5 2.5 ms ; repet1t1on t1me ;, 30 ms. 
" The maxtmum allowed supply voltage Without l1m1t1ng resistors IS hm1ted by the built-In protectton zener diodes see Vcz, Vzs 

Spec velues 

TEST AND APPLICATION CIRCUIT 
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L9305A 

APPLICATION INFORMATIONS (refer to application circuit) 

01 and 02 diodes are required only for reverse po
larity protection. 

lfVs maybe higher than Vzs a resistor Rs is necess
ary to limit the zener current lzs. In order to deter
mine Rs value the following equations can be used : 

1) 
Vs MAX- Vo1 - Vzs mtn 1 

Rs < ZSMAX 

2) Vs mtn- Vo1 - Rs- lsoN MAX> Vsr min 

where from Tamb = 25 "C: 

- Vs MAX and Vs mtn are the maximum and minimum 
values of power supply voltage 

- Vo1 is the forward diode 01 voltage drop 

- Vzsmin = 20 V 

- lzs MAX= 30 rnA for d.c. mode and lzs MAX= 80 rnA 
for pulsed mode (see Absolute maximum ratings) 

- lsoM MAX = 30 rnA 

- VsTmtn = 3.5 V 

If no Rs value can satisfy the system 1 ), 2) a more 
powerful! external zener Oz = 18 Vis required. 

Then 1) becomes : 

Figure 2 : Example of Heatsink Using PC Board 
Copper (I = 65 mm). 

4/4 
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VsMAx-Vo1-18 

Rs 
< lozMAX 

where loz MAX is the maximum allowed Oz current. 

VA voltage cannot be higher than 20 V otherwise 
output overvoltage protection may be activated. 
Morever VA must be less than 16 V if short circuit 
protection is required. 

Oz2 = 22 to 24 V is a mandatory for output 7 protec
tion if Vs may be higher than 26 V. 

MOUNTING INSTRUCTION 

The L9305A is assembled in a new plastic package, 
the Powerdip, in which 8 pins (from 9 to 16) are at
tached to the frame and remover the heat produced 
by the chip. 

Figure 2 and 3 show two ways of heatsinking. In the 
first case, a PC board copper area is used as a heat
sink I= 65 mm. While in the second case, the device 
is soldered to an external heatsink. In both 
examples, the thermal resistance junction-ambient 
is35 "C/W. 

Figure 3 : Example of an External Heatsink. 



L9307 
L9309 

DUAL HIGH CURRENT LOW SIDE DRIVER 

• HIGH OUTPUT CURRENT 
• INPUT COMPARATOR WITH WIDE RANGE 

COMMON MODE OPERATION AND 
GROUND COMPATIBLE INPUTS 

" INPUT COMPARATOR HYSTERESIS 
• SHORT CIRCUIT PROTECTION WITH SOA 

PROTECTION OF OUTPUT 
• INTERNAL THERMAL PROTECTION WITH 

HYSTERESIS 
• SINGLE SUPPLY VOLTAGE (3.5 V to 28V) 

DESCRIPTION 
The L9307/9 is a monolithic integrated circuit with 
differential input comparator and open collector 
output able to sink high current specially to drive 
relays, lamps, d.c. motors. 
Particular care has been taken to protect the de
vice against destructive failures, i.e. short circuit 
of outputs to Vs, SOA protection, supply overvolt
age. 
A built in thermal shut-down switches off the de
vice when the IC's internal dissipation becomes 

BLOCK DIAGRAM 

2 3 

1(3 

Multiwatt 11 SIP 10 

ORDERING NUMBERS: 

L9307 L9309 

too high and the chip temperature exceeds se
curity threshold. 

The input comparator hysteresis increases the in
terface's noise immunity allowing the correct use 
critical environments as automotive applications. 

4 5 

9 

8 

UOLTAGE AND 
THERMAL 

SHUTDOWN 

6 

NBBL!/38?-Bt 

October 1990 1/4 
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L9307 - L9309 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

lzs Current Into Supply Clamp Zener Diode DC Conditions 30 mA 
Pulsed: Ton < 2.5ms; d < 8% 80 mA 

Vs Supply Voltaae 28 v 
lo Output Current Internally Limited oc 

T, Tsta Junction and Storage Temperature Range -55 to 150 oc 
Vo1,2 Output Voltage -0.3 to 28 v 

Ptat Power Dissipation at Tamb = 85°C for Multiwatt 11 1.7 w 
for SIP 10 1.3 w 

(') Too 2.5ms; repettion limeS 30ms 
(")The maximum allowed supply voltage Without lim111ng resistor is lim1ted by the built-in protect1on zener d1ode· see Vzs spec. values 11 Vs 

higher than Vzs a resistor Rs IS necessary to l1m1t the zener current lzs. 

PIN CONNECTIONS (Top view) 

N.C. 
OUTPUT 1 
COMMON DRIUER OUTPUT 
OUTPUT 2 
SUPPLY UOLTAGE 
GND 
NON INUERTING INPUT 2 

-$-
INUERTING INPUT 2 

3 INUERTING INPUT 1 

2 NOH IHUERTIHG INPUT 1 

N.C. 

MULTIWATT11 

1B OUTPUT 1 
9 COMMON DRIUER OUTPUT 
8 OUTPUT 2 

7 N.c. 

0 6 SUPPLY UOLTAGE 
5 GND 
4 NON INUERTING INPUT 2 

3 INUERTING INPUT 2 

~ 
INUERTING INPUT 1 
NON I NUERTI NG INPUT 1 

nBBL9389-B2 

SIP 10 

THERMAL DATA 

Symbol Parameter Multiwatt SIP Unit 

Rth -amb Thermal Resistance Junction-ambient Max. 38 50 °C/W 

Rth -case Thermal Resistance Junction-case Max. 3 10 °C/W 

2/4 ------------- ~._.,, ~~~;m~r;,:[!!~n -------------
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L9307 - L9309 

Figure 1: Typical Application (for SIP 10 version) 

os , 

- -
u 

I] Rs 

R ~ R R I 
L s .lr D L 

2 3 

f 
7 4 5 

u 
zs 

L LR R 
~------- -------~ 

D 
R 

JKF= ~~ 
9 

113 

1 8 

~ REFERENCE j~ 

L_ 1----t CURR. UOLTAGE AND CURR. I+- I--

f---. LIMIT 
THERMAL 

LIMIT 1-
[] SHUTDOWN 

6 

.... 11BBL93B7 B3 - I 
Note: a) RS required only llm1t lzs whenever Vs exceeds Vzs voltage value. 

3/4 
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L9307 - L9309 

ELECTRICAL CHARACTERISTICS (Vs = 14.4V; Tamb = -40°C to 85°C; Rs = 1000 Refer to the block 
diagram, unless otherwise specified.) 

Symbol Parameter Test Condition 

VtH Hysteresis of the Input Vin = 200mVpp; I= 1KHz 
Comparator 

Is Input Bias Current 

los Input Offset Current 

CMR Input Common Mode Range Vs = 6 to 18V 

lsc Output Short Circuit Channel W-V(> 70mA 
(typ. SOA curve, see fig.2) Vout 1, 2 = 16V 

T amb = 25 to 85°C 
T amb = -40 to 25°C 
Vout 1,2 = 6V 

lo Driver Transistor Current W-Vt+> 70mA 
Capability Vs=6-16V 

DC Conditions 
Pulsed: Ton= 2.5ms; d < 8% 

lo 1, 2 Output Current for Each (see fig. 2) 
Channel Vout 1, 2 < 2V; 

W -Vt+> 70mV 
ld = 100mA 

Vcsat On Status Saturation Voltage v,-- v,+ > 70mV 
ld = 100mA 
lout 1, 2 = 1.2A 

loL Output Leakage Current V(- v,· > 70mV 
Vs = 18V 

Vst Supply Voltage (pin 7) 

I "st.by'" Supply Current v,+- v,· > 70mV 

I"ON" Supply Current v,+- v,- > 7omv 

Vzs Voltage Clamp Supply lzs = 10mA 
Protection 

Figure 2: SOA Protection. 

lsc 
(AI t--- -- -:-~++ -----;--~r--[ 

r----- - ---+--,+. ,+---t-, --'---+--1 

1--+---'-----L.i-' ' ! 
i ; ! fTon=lOO.us 

r---+-~- --t---- ;.._. Toff= 20ms 

i 

:-+ 
_j_ 

- ---j-= : --2='" _:±_--;::~+==~= _-:-:i_-=:."\= 

=-T~II j j H~P.\ ~~-
Q3 --·--T · ·r --rr-;rJ· ---1--1--c-

:: · l:i!_\Jl I 
t : ! t I 
i i ' . i 

0·1 L----L--:-3 --'-4~5 --:6cc7~B~9'-----',~o-"=Jo--l40~ 
Xl V0 (VI 

Min. Typ. Max. Unit 

20 80 mV 

0.2 1 uA 

±50 ±400 nA 

0 Vsr-1.6 v 

0.8 A 
0.9 A 
2.5 A 

300 rnA 
600 mA 

1.5 A 

1.2 v 

10 250 llA 

3.5 18 v 
5 8 mA 

18 mA 

20 27 v 

4/4 ------------- L..,l ~~~;m~r::M9~ -------------
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• DARLINGTON OUTPUT STAGE 
• INPUT COMPARATOR WITH WIDE RANGE 

COMMON MODE OPERATION AND GROUND 
COMPATIBLE INPUTS 

• INPUT COMPARATOR HYSTERESIS 
• SHORT CIRCUIT PROTECTION OF OUTPUT 

WITH SOA PROTECTION 
• INTERNAL THERMAL PROTECTION WITH 

HYSTERESIS 
• SINGLE SUPPL YVOLTAGE FROM 3.5V UPTO 

28V 

DESCRIPTION 

The L9308 is a monolithic interface circuit with dif
ferential input comparator and open collector output 
able to sink current specifically to drive lamps, re
lays, d.c. motors, electro valves etc. 

Particular care has been taken to protect the device 
against destructive failures - short circuit of outputs 
to Vs, SOA protection, supply overvoltage. 

BLOCK DIAGRAM 

IN1 

IN2 

October 1990 

u 
ST 

L9308 

DUAL LOW SIDE DRIVER 

MINIDIP 

ORDERING NUMBER : L9308 

A built in thermal shut-down switches off the device 
when the IC's internal dissipation becomes too high 
and the chip temperature exceeds the security thre
shold. 

The input comparator hysteresis increases the inter
face's noise immunity allowing the correct use in cri
tical environments as automotive applications. 

z 
L1 

I 
COUT1 

I COUT2 

z 
L2 
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L9308 

PIN CONNECTION (Top view) 

-IN 2 -IN 1 1) -IN2 Inverting inpu12 

+IN 1 
2) +IN2 Non-1nvert1ng mput2 

+IN 2 3) OUT2 Output2 

UsT 
4) GND Ground 

OUT 2 5) OUT1 Output! 

GND OUT 1 
6) Vsr Supply 
7) +IN1 Non-inverting mput1 
8) -IN1 lnvertmg input1 

NBBL9388-85 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

lsz Current Into Supply T amb = 25°C, DC 30 
Clamp Zener Diode Pulsed (') 80 

Vs Supply Voltage 28 

lo Output Current Internally Limited 

T1, Tstg Junction and Storage Temperature -55 to+ 150 

Ptot Power Dissipation at T amb = 85°C 650 

(') TON,; 2.5ms ; repetition time> 30ms. 
("")The maximum allowed supply voltage without limiting resistor is limited by the built-in protection zener diode :see Vzs spec. 

values. If Vs is higher than Vzs a resistor As is necessary to limit the zener current lzs. 

THERMAL DATA 

Max 100 

2/5 
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Unit 

rnA 
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ELECTRICAL CHARACTERISTICS (V s = 14.4V ; - 40°C :o; Tamb• :o; 85°C; Rs = 1 OOQ unless 
otherwise noted) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VtH Hysteresis of the Input v,N = 200mVpp ; 20 80 
Comparater f =1kHz 

Is Input Bias Current v,·=v,-=o 0.2 1.0 

los Input Offset Current vt = v,- = o ±50 ± 400 

CMR Input Common Mode Range Vs = 6- 18V 0 VsT- 1.6 
T amb = 25°C 

lsc Output Short Circuit Current VtN - VtN > 70mV 
for Each Channel Vs = 16V 
(see fig. 4) T amb = 25°C to 85°C 0.6 

T amb = - 40°C to 25°C 0.7 
VouT1.2 =6V 1.2 

VcsAT On Status Saturation Voltage T amb = - 40°C to 25°C 1.5 
v,-- v,+ > 70mV 
louT 1. 2 = 300mA 1.0 1.4 
T amb = 25oC to 85°C 

loL Output Leakage Current v,-- v, >, 70mV 
Vs = 18V 10 300 
Vs =5V 20 

VsT Supply voltage (pin 6) 3.5 18 

I ·st by· Supply Current v,+ - v,- > 70mV 5 8 

l-ow Supply Current v,-- v 1+ > 70mV 18 

Vzs Voltage Clamp Supply lzs = 10mA 20 27 
Protection 

lomm Minimum Output Current 
with the Outputs connected VcsAT = 1.5V 400 
Together 

tr Rise Time (see fig. 2) louT =SOmA 2 ,, Fall Time T amb = 25°C 2 

tdon Delay Time On louT= SOmA 10 
I doll Delay Time Off Tamb = 25oC 10 

L9308 

Unit 

mV 

WI 
nA 

v 

A 
A 
A 

v 

v 

WI 
WI 
v 

mA 

mA 

v 

mA 

(.IS 

(.IS I 
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L9308 

Figure 1 : Switching Time Test Circuit. Figure 2 : Switching Time Waveforms for Resis
tive Loads. 

UST us 
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I 47Bn 
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f188L9388-84 
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Figure 3: Typical Application and Test Circuit. 
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Figure 4 : Typical SOA Characteristic. 
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• FOUR POWER OUTPUTS - UP TO 200 mA 
EACH ONE - FOR RELAIS DRIVING PROVI
DED WITH INTERNAL RECIRCULATION 

" TWO PROGRAMMING INPUTS FOR 
WINDOWS OPERATING MODE SELECTION 

• ONLY TWO WIRES CONNECTING EACH 
KEYBOARD TO THE DEVICE 

• WINDOW STATUS DETECTION BASED ON 
THE MOTOR CURRENT RIPPLE 

• IGNITION KEY AND DOOR STATUS SENSING 
• CLOCK FREQUENCY DEFINED BY AN 

EXTERNAL CAPACITOR 
• ESD PROTECTION 

DESCRIPTION 

The L9324 is a monolithic low side driver- realized 
with ST Multipower-BCD mixed technology - spe
cially suited as window lift in automotive environ
ment. The device drives four window motor control 
relais and it allows two possible window operating 

PIN CONNECTION (top view) 

IGNITION KEY INPUT 

PROGRAMMING INPUT P1 

PROGRAMMING INPUT P2 

DOOR INPUT 

SUPPLY VOLTAGE 

KEYBOARD SUPPLY OUTPUT 

AUXILH1RY OUTPUT 

SIGNAL GROUND 

KEYBOARD INPUT INTERFACE 

KEYBOARD INPUT INTERFACE 

L9324 

WINDOW LIFT CONTROLLER 
ADVANCE DATA 

modes :the automatic (one touch) and the normal 
mode. 

The window status (steady state, travel end) is chec
ked by means of the ripple absence on the motor 
current. 

The application circuit is able to withstand the load 
dump up to 80 V. 

The device is assembled in 20 Lead Plastic DIP. 

DIP20 

ORDERING NUMBER : L9324 

SUPPLY UOLTAGE SENSE 

CLOCK OSCILLATOR 

RELAY DRIUER OUTPUT 

RELAY DRIUER OUTPUT 

PDIJER GROUND 

RELAY DRIUER OUTPUT 

RELAY DRIUER OUTPUT 

RIPPLE INPUT 

RIPPLE COMPARATORS GROUND 

RIPPLE INPUT 

11BBL932-I ·82 

April1991 1/7 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change Without not1ce. 
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----- ---------------------

L9324 

BLOCK DIAGRAM 

5 

29 

l 1 l 1 17 ~ 

~rl REFERENCE -~ CHARGE JLEFT RELAIS~ 

I I 
POWER-ON 18 

RESET PUMP ~ DRIUER :) 
1 

-·-· 

4 ... 
INPUT r--y--q f----' 

2 
.I ~~ INTERFACE RIPPLE 

3 • -I 3 
CONTROL DETECTOR > 

9--1 
'I' 

12 
KEYBOARD 

19 1 INTERFACE I f 

.. 1 14 
• 

19 .I CLOCK r-- _,RIGHT RELAIS~ 

I 

15 l OSCILLATOR A LIM I DRIUER 

B i OUTPUT T 15 

7 
~ 

t1BBL9324-81 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs D.C. Supply Voltage 25 v 
D.C. Reverse Supply Voltage . -0.7 v 

114, 15, Max. Relais Driver Output Currents 1 A 
17, 18 (in dump condition: VouMP = 80V 5ms 5 tr~se 5 10ms) 

~~ Fall Time Constant = 100ms RsouRCE ~ 0.5Q 

T1, Tstg Junction and Storage Temperature Range -55 to 150 oc 

THERMAL DATA 

Thermal Resistance Junction-ambient 80 

2/7 
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L9324 

ELECTRICAL CHARACTERISTICS (VsAn = 14V, -20°C ~ Tamb ~ 85°C, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operatina supply Voltaae 8 16 v 
lqs Quiescent Current (OFF Condition) 1 2 mA 

lqsON Quiescent Current (OFF Condition 30 mA 

Vovth (pin 20) Overvoltage Protection 17 22 27 v 
Threshold (power output stage 

V14. 1s. 17, 18 Relais Driver Output Saturation lt4, 1s. 17, 18 = 200mA 0.7 1 v 
Voltage 

Vcz lntrnal Voltage Clamp at the 26 v 
Outputs (pin 14, 15, 17, 18) 

Vtt,13th Ripple Detection Threshold 6 20 40 mV 

IAUX7 Auxiliary Output Source Current 20 mA 

Vs Keyboard Reference Voltage 0 <Is< 100mA 3.8 4.5 5.2 v 
Is Keyboard Reference Output 100 120 mA 

Current 

Rg, R1o Comparator Input Resistance 30 KQ 

V2th, Vath Programming Input Threshold 1.5 v 
Voltage 

Vtth Ignition Key Threshold Voltage 1.5 v 
V4th Door Input Thereshold Voltage 50 mV 
T Clock Period CExT = 2.2nF 0.5 1.5 2.5 ms 

ttd1 Keyboard Filter Delay Time 16T 32T ms 

ttd2 Door and Key Filter Delay Time 32T 64T ms 

ldabs Delay Time Between the Ripple 30T 36T ms 
Absence and the Motor Stop 

ttd3 Ripple Filter Delay Time at Motor 32T 48T ms 
Start-up 

tstup Start-up Delay Time SOT 182T ms 

I 
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L9324 

FUNCTIONAL DESCRIPTION 

PIN FUNCTIONS 
1 -Ignition key input. This pin must be connected, 
through a resistor, to the ignition key ; in this way, at 
ignition key turn on (high level at pin 1 ), the full ope
rating mode of the device is enabled. The a.m. re
sistor, together an internal zener, provides to protect 

this input in load dump condition ; recommended 
value for this resistor is 47 K. 

2 and 3 - Programming inputs P1 and P2. These 
two pins allow to programme the device operation 
mode, according to the following truthtable : 

P1 P2 Operating Mode 

0 X The device is programmed to work in a rear module. The automatic mode is disabled for both the 
windows. The high to low transition of a signal applied to pin 4 changes, in this operating mode, the 
status of the auxiliary output ; the device is enabled only at ignition key turn-on. The input P2 has 
no effect when P1 is low. 

1 1 The device is programmed to work in a front module. The automatic mode is enabled for both the 
windows if the ign. key is on ; if the key is in off condition, the device works in traditional mode if 
one of the front doors is open, or it is disabled if both the front doors are closed. 

1 0 In this case too the device is programmed to work in a front module. The operating mode is as for 
the last case but the automatic mode, when enabled, IS possible only for the left w1ndow. 

Note : a log1c level 0 1n the above table means the p1n connected to ground ; a log1c level 1 means the pin open ; X~ don't care. 

4 - Door input. This input senses the doors status 
(open or close) when the device is programmed to 
work in a front module. This pin must be connected, 
via an external resistor, to the door switch normally 
present on all the cars for the inside lamp. A low vol
tage level on this input means that the door is open 
(inside lamp on), an high voltage level means that 
the door is closed (inside lamp off). In the rear mo
dule this pin is connected to a push button which al
lows to enable and disable the module. The external 
resistor, together an internal zener, provides to pro
tect the input against overvoltages ; recommended 
value for the external resistor is 100 ohms. 

5- Supply voltage. This pin must be connected to 
the battery through a voltage limiter not to damage 
the device in load dump conditions (see the appli
cation circuit). 

6 - Keyboard supply output. The voltage on this 
pin is about 4 V and the output current capability is 
100 rnA. An internal divider connected to this same 
voltage source generates the 4 thresholds for the 
keyboards interface input. This pin is connected to 
the two keyboards through two resistors (recom
mended value 100 ohms). 
7 - Auxiliary output. This output, by an external 
transistor, drives the relay necessary to enable the 
rear keyboard when the device works in a rear mo
dule. The output current capability of this output is 
20 mA. 
8- Signal ground. 
9 and 10- Keyboards input intertaces. This two 
pins are respectively connected to the left and to the 
right keyboard ; pushing one of the 4 pushbuttons 
of each keyboard a voltage is established on this 
pins. The device "understands", by this voltage le-
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vel, which pushbutton has been pressed and exe
cute the command. This concept allows to have 
many functions with a limited number of wires be
tween the module and the keyboards. The voltage 
levels of the keyboards are then function of the pres
sed pushbutton as follow : 

_ traditional up ................................ 3/4 * Vpin6 

- automatic up ................................ 1/2 * Vp1n6 

_ traditional down ........................... 1/4 * Vp1n6 

_ automatic down ........................... O 
The recommended values of the keyboards resistor 
necessary to have the a.m. values are respectively 
180, 68 and 33 ohms (see schematic diagram). 
11 and 13- Ripple inputs. These inputs sense re
spectively the ripple of the right and the left motor 
through 2 decoupling capacitors connected to the 
sense resistors. 
12- Ripple comparators ground. This pin must be 
connected directly to the sense resistor ground, so 
to avoid bad operations of the ripple comparators. 
14, 15, 17 and 18- Relay driver outputs. These 
outputs control the relais to drive the window motors 
in the correct way. The 4 power devices are also 
switched on during the relais current recirculation 
and in overvoltage condition to protect themselves. 
In this way the device can withstand overvoltages up 
to 80 V (t = 300 msec), because the current flowing 
in the output power devices is limited by the relais 
resistance. 

16- Power ground. This pin is internally connected 
to the common power ground of the relay driver out
puts. 
19 - Clock oscillator. A capacitor connected bet-
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ween this pin and ground set the clock frequency ne
cessary for the correct operation of the internal logic. 
Recommended value for this capacitor is 2.2 nF. 

20- Supply voltage sense. This pin, connected by 
an external resistor to the battery supply voltage, al
lows the device to sense overvoltages ; in this con
dition, as said above, all the relay drivers are 
switched on to protect themselves. 

APPLICATION INFORMATION 
The L9324 can perform two possible window oper
ating modes : the normal and the automatic mode. 
In the normal operating mode the window goes up 
or down until the keyboard push-button is pushed 
and the window is not stopped by obstacles. In the 
automatic mode, even after releasing the keyboard 

Figure 1 : Operating Modes. 

L9324 

push-button, the window continues its movement 
that is interrupted if another push-button is pushed 
or by an obstacle. The window status (steady state, 
travel end) is detected by the absence of the ripple 
on the motor current. The delay time between the 
ripple absence and the motor switch off is about 50 
ms. During the starting phase the motor is driven up 
to 250 ms even if the ripple is not present. 

The complete window lift system using L9324 is 
based on two modules, one for the front windows 
and the other for the rear ones. 

The possible operating modes, set by the program
ming inputs P1 and P2, are shown in the following 
diagram. 

LEFT 5o RIGHT IJINOOU: 
AUTOMATIC ~ NORMAL 

MOOE 
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Figure 2 : Operating Modes. 
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Figure 4 : Complete Window Lift System. 
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L9326 

DUAL INTELLIGENT POWER LOW SIDE SWITCH 

• DUAL POWER LOW SIDE DRIVER WITH 
LOW RosoN TYPICALLY 250mQ (TJ = 25°C) 

• INTERNAL OUTPUT CLAMPING DIODES 
VFB = 50V FOR INDUCTIVE RECIRCULATION 

• LIMITED OUTPUT VOLTAGE SLEW RATE 
FORLOWEMI 

• !!P COMPATIBLE ENABLE AND INPUT 
• WIDE OPERATING SUPPLY VOLTAGE 

RANGE 6.5V TO 40V 
• REAL TIME DIAGNOSTIC FUNCTIONS: 

-OUTPUT SHORTED TO GND 
- OUTPUT SHORTED TO VSS 
-OPEN LOAD 
-OVERTEMPERATURE 

• DEVICE PROTECTION FUNCTIONS 
- OVERLOAD DISABLE 
-THERMAL SHUTDOWN 

DESCRIPTION 

The L9326 is a monolithic integrated dual low 
side driver realized in an advanced Multipower-

BLOCK DIAGRAM 

IN1 
DIAG1 

EN 

IN2 

GND 

October 1992 

PRODUCT PREVIEW 

MUL TIPOWER BCD TECHNOLOGY 

5024 {16+4+4) 

ORDERING NUMBER: L9326 

BCD mixed technology. It is especially intended 
to drive valves in automotive enviroment. Its in
puts are !!P compatible for easy driving. Particular 
care has been taken to protect the device against 
failures, to avoid electro-magnetic interferences 
and to offer extensive real time diagnostic. 

OUT1 

Us 

Ro 

"92L9326-Bt 

1/6 

This is advanced information on a new product now 1n development or undergo1ng evaluation. Oetails are subject to change Without not1ce. 
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ABSOLUTE MAXIMUM RATINGS 

Svmbol Parameter 

Vsoc DC Supply Voltaae 

VSm Transient Sl!fJPIY Voltage I~ 500ms 

VIN,EN ·Input Voltage l10mAI 

lo Output Load Current 

VOoc DC Output Voltage 

VOm Transient Output Voltaae RL > 40 

lOR Reverse Output Current (limited by load) 

UDoc Diagnostic DC Output Voltaae 

EO Switch-off energy lEo = 250ms, t = 5ms 

TEo Junction Temperature durina Switch-off 

T Junction Temperature 

Tstg Storage Temperature 

PIN CONNECTION (Top view) 

THERMAL DATA 

IN1 
DIAG2 

OUT2 

N.C. 
GND 
GND 
GND 
GND 

N.C. 
N.C. 

EN 

Us 

Parameter 

Thermal Disable Junction Temperature Threshold 

IN2 

DIAG1 
DUT1 

N.C. 
GND 
GND 
GNO 
GND 
N.C. 
N.C. 
N.C. 
N.C. 

Value 

-1.5to40 

60 

-1.5to6 

internal limited 

45 

60 

-4 

-0.3to20 

50 

175 

-40 to +150 

-55 to +150 

Value 

160 to 190 

Unit 

v 
v 
v 

v 
v 
A 

v 
mJ 
oc 
oc 
oc 

2/6 
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ELECTRICAL CHARACTERISTICS (Operating range: 6.5V < VS :s; 32V (45V fort :s; 500ms), 
- 40°C:,; TJ :,; 150°C unless otherwise specified). 

Symbol Parameter Test Condition Min. Typ. Max. 

lOu Open Load Current VEN = ViN = H 2.5 125 250 

VOu Open Load Voltage VEN = H, 0.525Vs 0.55Vs 0.575Vs 
VEN = L 

IOo Over Load Current Threshold T < i50°C 5 

RO Internal Output Pull Down VEN = L i4 20 36 

V(EN.IN)L Logic Input Low Voltage VS >4.5V IEN.IN < i OmA - i.5 i 

V(EN.IN)H Logic Input High Voltage VS >4.5V 2 5.5 

V(EN.INlhvs Logic Input Hysteresis VS >4.5V 0.2 0.4 

lEN Logic Input Sink Current VS > 4.5V 0.5V < VEN < 5.5V 2i 30 39 

hN Logic Input Sink Current VS > 4.5V 0.5V < V1N < 5.5V 70 iOO 130 

RosoN Output on Resistance T = 150°C VS > 9.5V lo = 2A 400 500 

VOc Output Voltage During Clamping 45 52 60 

ISss Static Standby Supply Current VEN = L 0.4 1 

IS DC Supply Current VEN = V1N = H 0.4 5 

VDL Diagnostic Output Low Voltage lo= 2mA VS > 4.5V 0.5 

IDLE Diagnostic Output Leakage VS = 0 or VS =Open; 0.1 10 
Current VD = 5.5V T ~ 125°C 

lo Diagnostic Output Current VD ~ 20V DIAG = L 4 
Capability 

tooL Diagnostic Overload Delay Fig. 1 10 > IOo 50 100 200 
Switch-off time 

SoN.OFF Output (fall,rise) slew rate Fig. 2 RL= 6Q 1000 1500 2000 

looN Fig.2 12.5 

to oFF Output Delay Time 9V ~ VS ~ 16V 7.5 27.5 

lo10u Open Load Diagnostic Delay RL~ 6Q 35 
Time 

DIAGNOSTIC TABLE 
Operating Range: 6.5V < VS:,; 32V (45V fort:,; 500ms}, - 40°C:,; TJ:,; 150°C 

Conditions EN IN Out Diag 

Normal Function L X OFF L 
H L OFF L 
H H ON(') H 

Over Load lo > 5A X X OFF L 

160°C < T1 ~ 190°C X L OFF H 
Overtemperature X H OFF L 

Open Load X L OFF H 
Vo<0.6V L H OFF H 

lo < 250mA H H ON(') L 

Reset Over Load Latch X ~ D.C. D.C. 

(') For VS < 6 SV. Out= Undef1ned 

L9326 

Unit 

mA 

A 

kQ 

v 
v 
v 

uA 

[I_ A 

mn 

v 
mA 

mA 

v 
J.IA 

mA 

[IS 

V/ms 

).IS 

J.IS 
).IS 

3/6 
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L9326 

Figure 1: Diagnostic Overload Delay Time 

Figure 2: Output Slope 
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Figure 3: Application Circuit Diagram 

uP 

ONTROLLER 

CIRCUIT DESCRIPTION 

The L9326 is a dual low side driver for inductive 
loads like valves in automotive enviroment. The 
device is enabled by a common CMOS com
patible ENABLE high signal. The internal pull 
down resistances at the ENABLE and INPUT pins 
protect the device in open input conditions 
against malfunctions. An output slope limitation 
for du/dt is implemented to reduce the EM I. An in
tegrated active flyback voltage limitation clamps 
the output voltage during the flyback phase to 
50V. 

Each 9\iver is protected against short circuit con
dition the output will be disabled af\er a short 
delay time !DOL to suppress spikes 2 . This dis
able is latched until a negative slope occure at the 
correspondent input pin. The Thermal disable of 

L9326 

the output will be reseted if the junction tempera
ture decreases below 160°C. 
For the real time error diagnosis the voltage and 
the current of the output is compared with internal 
fixed values VOu and lOu to recognize open load 
(RL <:: 20 KQ) in ON ant OFF conditions. 
The diagnostic output level in connection with dif
ferent ENABLE and INPUT conditions allows to 
recognize four different fail states, under voltage, 
over load, overtemp and open load. 
The diagnostic output is also protected against 
short circuit up to UDmax. 

1) overstepe1ng the over load current thereshold 100 

2) During the diagnostic overload delay switch-off t1me tooL the output 
current w1ll be hm1ted only by the RosON of the output 

5/6 ----------- L""'l SGS·THOMSON -----------
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Figure 4: Logic Diagram. 
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QUAD LOW SIDE DRIVER 
PRODUCT PREVIEW 

• DU/DT AND DI/DT CONTROL 
• PWM CONTROLLED OUTPUT CURRENT 

.MUL TIPOWER BCD TECHNOLOGY 

• SHORT CURRENT PROTECTION AND DI-
AGNOSTIC 

• INTEGRATED FLYBACK DIODE 
• UNDERVOLTAGESHUTDOWN 
• OVERVOLTAGE AND UNDERVOLTAGE DI

AGNOSTIC 
• OVERTEMPERATURE DIAGNOSTIC 

Multiwatt15 

ORDERING NUMBER: L9341 
DESCRIPTION 
The L9341 is a monolithic integrated circuit real
ized in Multipower BCD-II mixed technology. The 
driver is intended for inductive loads in syn
chronous PWM applications, especially for valve 

drivers. The output voltage and current rise and 
fall slopes du/dt and di/dt are controlled. 

BLOCK APPLICATION DIAGRAM 
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L9341 

PIN CONNECTION (Top view) 

I '\....FTs' OUT3 

-$- 14 OUT4 
13 SOD 
1.2 REXT 
11 SCLK 

~ 
18 RES2 
9 RES1. 
8 GHO 
7 Us 
6 osc 
5 SDI 

-$-
4 Ucc 
3 cs 
2 DUT1 

r .r"-.!.. DUT2 

n92L934t-B2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Vee Voltage Range -0.3to6 v 
Vs Vs Voltage Range -0.3to 24 v 

Vspmax VS Volt!!ge Range fort< 400ms -2to4D v 
Vst Schaffner Transient Pulses on Vs see note 1 v 

Vout Output Voltage Range for all Outputs: 
Negative -0.3 v 
Positive intern. clamped to Vs v 

lout Output Current for all Outputs: 
Negative -1 A 
Positive 2.5 A 
Schaffner Transient Pulses on Output see note 2 

VESO ESD Voltage Capability (MIL 883 C) 2000 v 

THERMAL DATA 

Symbol Parameter Value Unit 

Rth -case Thermal Resistance Junction to Case 3 oc!W 

Rth -amb Thermal Resistance Junction to Ambient mounted on PC Board 35 oc/W 

Tsdh Thermal Hysteresis 20 oc 
Tsd Thermal Diagnostic T; > 150 oc 

Notes: 
1. Schaffner transient specification: DIN 40839 test waveforms of the following type: 1, 2, 3a, 3b, 5 and 6. 

The pulses are applied to the application circuit according to fig. 3. 

2. The maximum output current results from the Schaffner pulses specified in note 1. 

217 ------------- L.,, ~~~;mg~::~ -------------
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ELECTRICAL CHAB._ACTERISTICS (Unless otherwise specified: 8V :o; Vs :o; 24V; 4.7V :o; Vee :o; 5.3V;-
40 ac :o;Tj :o; 150°C; lo :o; 1A (note 3); lo :o; 1.5A; Vsp = Vsfort:o;400ms; Rext= 12.4Kn ± 1%). 

Symbol Parameter Test Condition Min. Tvo. Max. Unit 

I ceq V cc Quiescent Current All Outputs Off 3 mA 

lsq V5 Quiescent Current All Outputs Off 17 25 mA 

Vccu V cc Undervoltage Threshold See Note 4 3 4 4.7 v 
Veer Vee Range for RES1 and RES2 3 v 

Operation 

Ron On Resistance lo = 1A Ti = 125°C 750 mn 
T = 25°C 450 mn 

lo off Off State Output Current Outputs Off 
1.4V:::;Vo:::;Vs 2 5 mA 
Vouto = Vso = 40V 2 10 mA 

Voutf Output Voltage During Flyback lo = 1A Output Off 
Ti = 25°C Vs + 1.3 v 
T = 125'C Vs+1.1 v 

lgndf Current to GND during Flyback lo = 1 A Output Off 
(see note 5) Vs = 24V 44 mA 

Vso = 40V 52 mA 

loutr Reverse Leakage Current Vso-Vo=40V 500 uA 

V,nH Low Input Level of SCLK, 0.7*Vcc Vcc+0.3 v 
SDI, CS, RES1, RES2 

VmH Low Input Level of SCLK, -0.3 0.3*Vcc v 
SDI, CS, RES1, RES2 

VREShys Hysteresis of Reset Inputs 0.3 1 v 
RES1, RES2 

l,nRESH Input Current on RES1 ,RES2 RES, = H; 2V:::; V sp:::; 8V -10 10 uA 
RES,= H; 8V < Vsp < 40V 5 10 uA 

lm Input Current on SCLK,SDI,CS - 2V < Vsp < 40V -10 10 uA 

VsooH High Level SDO Output Voltaqe lsoo = -1 mA -2V < Vso < 40V 0.9*Vce Vee v 
VsooL Low Level SDO Output Voltaqe lsoo = 1 mA -2V < Vso < 40V 0 0.4 v 
lsooz SDO Tristate High-Z Leakage O:::;Vsoo5,Vcc -10 10 uA 

Current - 2V < Vso < 40V 

PWMdutv PWM Duty Cycle 1/16 15/16 

Kt Frequency Accuracy Constant See Note 6 0.93*Ktn Ktn 1.07*Ktn 

Vtlyth Flyback Diagnostic Comparator 40 ~ Vsp ~ 8V Vs-1 Vs- 0.4 v 
Threshold Vs <8V 1.5 v 

Voffth Off State Diagnostic 1.5 2 v 
Comparator Threshold 

lout! Output Current Limitation Threshold see Note 7 1.5 2.5 A 

tdpo Delay Time PWM Signal to Out. 5 15 J.!S 

Sov Output Voltage Rise and Fall (from 10 to 90% of Vo) Fig. 2 1.5 5 V/us 
Slope I du/dt l 

Soc Output Current Rise and Fall 0.5 :::; lo:::; 1.5A 50 100 mA!J.IS 
Slope ldi/dtl 0.1 :::; lo:::; 0.5A 25 100 mA!J.IS 

(from 10 to 90% of Ia) 

Notes: 
1 JT 3. The mean value is lo = T 

0 
10 (t) dt 

4. The outputs are switced off for Vee:; Vccu. The logic is not reseted For a reset, RESt or RES2 must be used. 
5. This current is measured 1n the GND -terminal when one single output is in flyback and consists of the supply current added to the value 

of the output current source and the leakage current of the flyback diode. This leakage current is less than 1% of the nominal flyback current. 

6. The PWM frequency is defined by an external capacitor. The PWM oscillator frequency is: fpwm = f3,'2' w1th 1,, = CK, -tAN and km= 15 to·'; 
. osc 

the range is: 300Hz:; fpwm :; 3000Hz. The OSC Pm can be alternatively dnven by an external TTL I CMOS signaL 
7. For 1,,;, looo an internal comparator switches the corresponding output off for the current PWM cycle. 

~ SCS·THOMSON ___________ 3_17 
--------------- A."'f/ 51'<Jn~WJ©rn~rn~1i'l1il©llln~~ 
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Figure 1: Logic Diagram of PWM Generation. 
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Figure 2: Output Switching Diagram. 
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Figure 3: Test Circuit for Schaffner Pulses. 
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Figure 4: Synchronous Serial Interface Protocol. 
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Clock Frequency min. DC max. 2MHz 
Width of Clock Input High Puis min. 200ns 
Widh of Clock Input Low Puis min. 200ns 
Clock Low Before CS Low min. 200ns 

Clock High After CS Low min.200ns 
Clock Low Before CS Hiah min. 200ns 
Clock High After CS High min. 200ns 
SDO Low-Z CS Low min.Ons max. 2SOns 

SDO Hiah-Z CS Hiah max. 200ns 
SOl Input Setup Time min. SOns 
SOl Input Hold Time min. SOns 

SDO Output Delay Time (CL = 50oFl max.100ns 
SDO Output Hold Time min.Ons 

L9341 
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Figure 5: PWM Generation Function Table. 

Bit 3-0 PWM1 PWM2 PWM3 PWM4 OUTPUT 

0000 15116 15116 15116 15116 OFF 
0001 1116 15116 1116 15116 ON 

0010 2116 14116 2116 14116 ON 
0011 3116 13116 3116 13116 ON 

0100 4116 12116 4116 12116 ON 

0101 5116 11116 5116 11116 ON 
0110 6116 10116 6116 10116 ON 

0111 7116 9116 7116 9116 ON 

1000 8116 8116 8116 8116 ON 

1001 9116 7116 9116 7116 ON 

1010 10116 6116 10116 6116 ON 
1011 11116 5116 11116 5116 ON 

1100 12116 4116 12/16 4116 ON 

1101 13116 3116 13116 3116 ON 

1110 14116 2/16 14116 2/16 ON 

1111 15116 1116 15116 1116 ON 

Figure 6: PWM Information From Microcontroller to QLSD. 

Bit. Nr. Name Contents 

0 P10 PWM Duty Cycle for Channel1 I Bit 0: LSB 

1 P11 PWM Duty Cycle for Channel1 I Bit 1 

2 P12 PWM Duty Cycle for Channel 1 I Bit 2 
3 P13 PWM Duty Cycle for Channel1 I Bit 3 : MSB 

4 P20 PWM Duty Cycle for Channel 2 I Bit 0 : LSB 

5 P21 PWM Duty Cycle for Channel 2 I Bit 1 : 

6 P22 PWM Duty Cycle for Channel 2 I Bit 2 : 

7 P23 PWM Duty Cycle for Channel 2 I Bit 3 : MSB 

8 P30 PWM Duty Cycle for Channel 3 I Bit 0.: LSB 

9 P31 PWM Duty Cycle for Channel 3 I Bit 1 : 
10 P32 PWM Duty Cycle for Channel 3 I Bit 2 : 
11 P33 PWM Duty Cycle for Channel 3 I Bit 3 : MSB 
12 P40 PWM Duty Cycle for Channe14 I Bit 0 : LSB 
13 P41 PWM Dutv Cvcle for Channel 4 I Bit 1 : 

14 P42 PWM DulY Cycle for Channel 4 I Bit 2 : 
15 P43 PWM Duty Cycle for Channel 4 I Bit 3 : MSB 

617 
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Figure 7: PWM Information from QLSO to Microcontroller. 

Bit Nr. Name Contents 

0 F11 COMP1 State at Positive Edoe of PWM1 (0: Voun > Vnvth; 1: Voun < Vttvthl 

1 F12 COMP2 State at Neoative Edae of PWM1 (1: Vout1 > Voffth; 0: Vout1 < Vofthl 

2 F21 COMP1 State at Positive Edae of PWM2 (0: Vout2 > Vnvth; 1: Vout2 < Vtt thl 

3 F22 COMP2 State at Negative Edge of PWM2 (1: Vout2 > Vofth; 0 : Vout2 < Vofth) 

4 F31 COMP1 State at Positive Edge of PWM3 (0: Vout3 > Vnvth; 1: Vout3 < Vnvth) 

5 F32 COMP2 State at Neoative Edoe of PWM3 (1: Vout3 > Vomh; 0: Vout3 < Vofthl 

6 F41 COMP1 State at Positive Edoe of PWM4 (0: Vout4 > Vnvth; 1: Vout4 < VttvthlO 

7 F42 COMP2 State at Neoative Edoe of PWM4 (1: Vout4>Voffth; 0: Vout4 < Votthl 

8 RES1 Logic State of RES1 Input (0: RES1 - L ; 1: RES1 H) 

9 RES2 Logic State of RES2 Input (0: RES2- L ; 1: RES2 Hl 

10 TSDF Thermal Flao ( 0: Overtemperature ; 1 :Normal) 

11 C1 Current at Negative Edge of PWM1 ( 0: lout> loutl; lout< louu) 

12 C2 Current at Negative Edge of PWM2 ( 0: lout> loutl ; lout< loutt) 

13 C3 Current at Negative Edoe of PWM3 ( 0: lout> loutl ; lout< louttl 

14 C4 Current at Neoattve Edoe of PWM4 ( 0: lout> loutl ; lout< louttl 

15 1 Framing Information (always 1) 

FUNCTIONAL DESCRIPTION 
The U511 is a PWM quad low side driver for in
ductive loads. The duty cycle of the internal 
generated PWM signal is set by a microcontroller 
via a serial interface for each output. An output 
slope limitation for both dv/dt and di /dt is im
plemented to reduce RFI. The PWM generation is 
realized avoiding a simultaneous output switch
ing. As a result, dildt becomes smaller. Integrated 
flyback diodes clamp the output voltage during 
the flyback phase of the low side switches. 

The driver is protected against short circuit and 
thermal overload. An undervoltage shutdown cir
cuit switches off all outputs if Vee is less then Veeu. 
Below the shutdown voltage all outputs remain in 
off state regardless of the input state. After each 
malfunction which resets the driver, only the serial 
link interface can reactivate the normal function. 
In case of overcurrent (lout = lautt), an internal 
comparator switches the output off. The overcur
rent information can be read via the serial link for 
each driver separately at the negative edge of the 
corresponding PWM signal. 

The interface to the microcontroller is realized 
with a 16 bit synchronous serial peripheral inter
face (SPI). If CS is switched low, the serial link 
becomes active and SOO goes to low impedance. 
At the rising edge of the SCLK signal, one of the 
16 bit of data stored in a shift register appear se
quencely at SOO. These data contain the 8 error 
flags, the status of thermal shutdown and the ex
ternal reset sources RES1, RES2. The last bit is 
framing information (see fig. 7). At each falling 
edge of SCLK, one of the 16 bits of data sent by 
the microcontroller is transferred via the SOl input 
to the driver. These data contain the duty-cycle 

information for the internal PWM generation (4 
times 4 bit). 

On th~ risi~g edge of CS the previously stored in
formation IS transferred to the circuits. SOO 
become now high impedance and SOl is inactive. 
The serial interface of the QLSO is cascadable 
with the serial link interface of another QLSO, 
thus obtaining a 32 bit serial link information wich 
can control eight inductive loads. For a safety 
~ata transfer the takeover of data bits is only real
Ized when the number of SCLK - clocks is n x 16 
(n <:: 1). 
The PWM duty cycle is set by 4 bit for each out-
put independently via the serial link. If all four bits I 
for an output are zero, the output is turned off, but 
the error diagnosis will work correctly (see fig. 6 
and 7). The PWM frequency is defined by an ex-
ternal capacitor on the OSC pin. Rext defines 
through the reference current the output current 
slope, the diagnostic current sink and the internal 
oscillator frequency (together with Case). 
For error diagnosis the voltage on the output is 
measured during ·the on and off state of the par
ticular output driver. Upon the rising edge of the 
PWM signal (at this moment the power output is 
off and will be switched on) the status of COMP1 
is stored into an internal latch. On the falling edge 
of the PWM signal ( the power output is on and 
will be switched off) the status of COMP2 is 
stored into another internal latch. This information 
can be read via the serial link for each output 
driver separately (see fig. 7). 

Overtemperature is diagnosed by a flag which 
goes to a low logic level if the junction tempera
ture rises above 150°C. This flag can be read on 
the serial output. 

r=-: 717 
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• LOW SATURATION VOLTAGE 
11 TTL COMPATIBLE INPUT 
• WIDE SUPPLY VOLTAGE 
• VERY LOW QUIESCENT CURRENT 

(30mA max) 
• NO EXTERNAL COMPONENTS 
• INTERNAL RECIRCULATION PATH FOR 

FAST DECAY OF INDUCTIVE LOAD CUR
RENT 

• SHORT CIRCUIT PROTECTION 
• FAILSAFE OPERATION : OUTPUT IS OFF IF 

THE LOGIC INPUT IS LEFT OPEN 

DESCRIPTION 

The L9351 is a monolithic integrated circuit desi
gned to drive grounded resistive, inductive or mixed 
loads from the power supply positive side. Very low 
standby current (30mA max.) and internally im
plemented protections against load dump and 
reverse voltages make the device very useful in 
automotive applications. No external components 
are required because the output recirculation 
clamping zener is included in the chip. This zener 
can withstand a recirculation peak current of 550mA 
on a 80mH/25Q load. 

BLOCK DIAGRAM 

SUBSTRATE 

INPUT 

L9351 

HIGH SIDE DRIVER 
ADVANCE DATA 

Penta watt 

ORDERING NUMBER : L9351 

The device is self-protected against overtempera
ture, overvoltage and overcurrent conditions. The 
L9351 operates over the full battery voltage range, 
from 4.5V (cold cranking) up to 24V Oump starting). 
The L9351 withstands revers battery conditions (-
13V) and supply voltage transients up to SOV limi
ting the maximum output transistor VEe to 70V by an 
internal zener. ON and OFF delay times of 25J.lS max 
in any output status, including recirculating situation, 
allow PWM use of L9351. 

SUPPLY 

2 
OUTPUT 

lf92L93St-et GND 
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PIN CONNECTION (top view) 

~II ~I 
Note : Pin 3 must be left open or connected to ground. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs D.C. Supply Voltage 
D.C. Reverse Supply Voltage 
Load Dump : 5ms S tnse S 1 Oms 
"tt Fall Time Constant= 100ms, Rsource ~ 0.5Q 

Low Energy Spikes : Rsource ~ 1 OQ, tnse = 1 j.LS, 
tf = 2ms, fr Repetition Frequency = 0.2Hz 

V1 Input Voltage 

lo Output Current 

Ptot Total Power Dissipation at Tease= 90°C 

TJI Tstg Junction and Storage Temperature 

THERMAL DATA 

2/4 
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II'IPUT 

: GI'ID 
SUBSTRATE 

OUTPUT 

SUPPLY UOLT. 

lf92L9351-B2 

Max 
Max 

Value 

24 
-13 
60 

±85 

-0.3 to 7 

Internally Limited 

17.1 

-55to150 

80 
3.5 

Unit 

v 
v 
v 

v 

v 

w 
oc 
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ELECTRICAL CHARACTERISTICS 
(Vs = 14.4V, - 4oac:::: Tj:::: + 125°C unless otherwise specified). 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operating Supply Voltage 4.5 24 v 
VtH Input Voltage Htgh 4 5 < Vs < 24 2.0 v 
VtL Input Voltage Low 1 0.8 v 
h Input Current 0 8 < Vt < 5.5V 40 I! A 

IPL Output Leakage Current Va = OV Vs = 24V 140 I! A 
Vt < 0 8V 

Vsat Output Saturatton Voltage Ia = 125mAVs = 4.5V 0.5 v 
Ia = 225mAVs = 14.4V 0.5 v 
Ia = 550mAVs = 14.4V 0.7 v 

lsc Output Short Circuit Current 0.6 1.5 A 

Ia Quiescent Current Vt > 2V 30 rnA 

Vt < 0.8V Stand-by Conditton 100 150 I! A 

Vza Negattve Output Zener Voltage RL = 25Q L = 80mH -36 -30 -24 v 
on Vt Transttton from "1 ··to "0" 

Ton Turn ON Delay Resisttve Load RL = 25Q, 20 I!S 

Ton Turn OFF Delay T1 = 25°C (ftg.2) 25 I!S 

Figure 1 : Typical Automotive Application Circuit. 

U+ (5-24Ul 13.1uF 

LOGIC INPUT RELAY, UALUE COIL, I "B"<B.BU SOLENOID 
L9351 OR OPEN - L<BBmH 8.56 

"1"~2U RL~25Q 

U+ !5-24Ul 8.1uF 

UNIDIRECTIONAL 

JlJlJlfl DC TOR 
L9351 M 

PWM MODULATED 
SIGNAL, F·2KHz 

lf92L9351-B3 
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Figure 2 : Resistive Load. 

1192L935t-84 

Figure 3 : Inductive Load. 

Ui 

rau 

Uo 

rau 

Uclamp 1192L9351-B5 
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• WIDE SUPPLY RANGE (5.5- 40V) 
• VERY LOW ON RESISTANCE (TYP. 300mQ) 
• OUTPUT CURRENT UP TO 2A 
• HIGH PERFORMANCE DIAGNOSTIC 
• UNDERVOL TAGE DISABLE 
• OVERVOLTAGE AND SHORT CIRCUIT PRO-

TECTION 
• CMOS COMPATIBLE CONTROL INPUTS 

DESCRIPTION 

The L9360 is a monolithic dual low side smart 
Power switch with DMOS power outputs, rated for 
operation in automotive environment. 
It is intended to drive injectors connected to the 
positive battery voltage. 

Thanks to its CMOS compatibility and its high 
performance diagnostic it is very well suited for 
handshake data with a microcontroller. 

BLOCK DIAGRAM 

October 1992 

IN1 

IN2 

CK 
ucc 

DATA OUT 

cs 
DATA IN 

L9360 

DUAL INJECTION DRIVER 
ADVANCE DATA 

MUL TIPOWER BCD TECHNOLOGY 

TEMPERATURE 
SENSE 

Clipwatt 11 

ORDERING NUMBER: 
L9360 

Multiwatt 11 

ORDERING NUMBER: 
L9360M 

S020L (12+4+4) 

ORDERING NUMBER: 
L9360D 

GND 

n92L936B-BtB 

1/7 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Supply VoltaQe 

locL Output ClampinQ Current 

EocL Output Dissipated EnerQy 

lor Reverse Output Current (Pd < 1W) 

Vee Stabilized Logic Supply VoltaQe 

Vccrev Reverse Stabilized Logic Supply Voltage 

v, Input Voltage 

V1rev Reverse Input Voltage 

Vtd Data Pin Voltage 

Vtdrev Reverse Data Pin Voltage 

Tsto Storage Temperature 

T -case Operating Junction Temperature 

T-so Thermal Overload Detection Temperature 

T -SDH Thermal Threshold Hysteresis 

VESD Protected According to MIL883C 

PIN CONNECTIONS (top view) 

OUT 2 

10 ucc 
9 IN 2 

8 CK 

7 OOUT 

6 GNO 

5 DIN 

cs 
3 IN 1 

Us 

OUT 1 

ff92L936B-B8 

Clipwatt 11 

IIi 1 
cs 

DIN 
GliD 
GliD 
GliD 
GND 

DDUT 
CK 

IN 2 

THERMAL DATA 

Symbol Parameter 

Rthj·amb Thermal resistance junction to ambient 

Rthj-plns Thermal resistance junction to pins 
Rth -case Thermal Resistance junction-case 

Value 

40 

2 

TBD 

-2 

7 

-0,3 

7 

-0.3 

7 

-0.3 

-55 to 150 

-40 to 150 

150to 165 

Typ.20 

Unit 

v 
A 

J 

A 

v 
v 
v 
v 
v 
v 
oc 
oc 
oc 
oc 

OUT 2 

ucc 
IN 2 
CK 
DOUT 

GNO 

DIN 
cs 
IN 1 

Us 

OUT 1 

L TAB CONNECTED TO PIN 6 n~2L!/36B-1B 

Us 
OUT 
OUT 
GND 
GND 
GliD 
GND 
OUT 2 
OUT 2 
vee 

Clipwatt 11 
Multiwatt 11 
S020L 
Multiwatt 11 

Mulwatt 11 

S02012+4+4 

Max. Value Unit 

70 °CIW 
60 °CIW 
20 °CIW 
3 °CIW 

2/7 ------------- L..,, ~~tm~"':~~~ -------------
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ELECTRICAL CHARACTERISTICS (Vs = 5.5 to 25V, Vee= 4.5 to 5.5V, Tj =-40 to 150°C unless other
wise specified; the voltage and currents are assumed positive, when oriented in the arrows direction 
shown in the application circuit diagram) 
OUTPUT STAGE (EACH CHANNEL) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

RosoN On Resistance VI= HIGH, Vs >7V 300 600 mQ 
Vr =HIGH, Vs <7V 400 1000 mQ 

lose Out Short Circuit Current 2 3 4 A 

VocL Output Clamping Volta!]e lo = 0.2mA 70 80 100 v 

VooG Output Internal VoltaQe Vr =LOW, see FrQ. 5 0.45Vs 0.5Vs 0.55VS v 

R1ooG Internal Output Resistance Vr = LOW, see Fig. 5 20 KQ 

SUPPLY VOLT AGE 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

I eeoc DC Supply Current (VCC) 1 2 mA 

Is Supply Current (Vs) Vr1 = Vrz =LOW 4 7 mA 

Vr1 = Vrz = HIGH 16 25 rnA 

Vr1 = Vrz =HIGH; Vs= 14V 10 mA 

CONTROL INPUTS 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VrL Input LOW Level vee= 5V 2 1.5 v 

VrH Input HIGH Level Vee= 5V 3.5 3.2 v 

VrTH Input Threshold Hysteresis 1 1.2 1.6 v 

!doN Input to Out Delay Time RL = 14Q; Vs= 14V 1.5 10 J.IS 

loR Output Rise Time RL= 14Q; Vs= 14V 3.5 10 J.lS 

!dOFF Input to Out Delay Time RL= 14Q; Vs= 14V 2 10 J.lS 

loF Output Fall Time RL=14Q;Vs=14V 1.2 10 J.lS 

RrN Input Resistance 100 200 300 KQ 

DIAGNOSTIC & PROTECTIONS 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VcsL CS Input LOW Level Vee= 5V 2 1.5 v 

VorL Data Input LOW Level Vee- 5V 2 1.5 v 

VcKL CK Input LOW Level Vee= 5V 2 1.5 v 

VcsH CS Input HIGH Level Vee= 5V 3.5 3.2 v 

VorH Data Input HIGH Level Vee= 5V 3.5 3.2 v 

VcKH CK Input HIGH Level Vee= 5V 3.5 3.2 v 

VooL Data Output LOW loo- 1mA 0.2 0.5 v 

VooH Data Output HIGH Ioo - -20011A: Vee- 5V 4 v 

looL Data Output Leakaqe Current Voo= Vee 1 10 uA 

RLOL External Recognized Resistance See fig. 5 10 KQ 
for Open Load Detection 

VoED Output Excessive Drop Thresh See fig. 5 2 2.5 v 

RosG Output Resistance to GND for See fig. 5 5 KQ 
Short to GND Detectron 

toosG Output Short to GND Switch OFF 50 150 us 

IEs Error Recognition Time for the See fig. 4 5 J.lS 
Stochastic Error 

Is Time for Error Recoanized See fia. 4 50 150 ~IS 

fosG Internal Oscillator Frequency 500 KHz 

fcLK External Clock Frequency 1 MHz 

3/7 
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CIRCUIT DESCRIPTION 
The device is realized in the BCD1 00 technology 
which combines CMOS logic, bipolar components 
and as output stages DMOS transistors which 
can withstands 1 OOV drain-source voltage. 
Via the CMOS compatible inputs (IN1, IN2) the 
power DMOS can be switched ON and OFF inde
pendently from each other. All functions of the de
vice are guaranteed between 5.5V and 40V sup
ply voltage. Between 5.5 to to 7V supply voltage 
the typical drain-source resistance increases from 
250mQ to 500mQ typ. With this limitation a 
charge pump could be avoided. 
For Vs below 5.5V the device can be disabled. 
Both outputs are switched OFF independently 
from the input status. The data output is switched 
to tristate. In the undervoltage mode (Vs < 5.5V) 
a possible failure status was reset. Below 3V the 

chip functions are not defined. The device is pro
tected against short circuit to supply but not pro
tected against thermal overload due to security 
reason. Only via the diagnostic the system is in
formed about a thermal overload and the other 
possible failure modes which are described sep
arately. A quasi digital filter avoids that short tim_e 
stochastic failures are stored in the diagnostic 
register. 
When a short circuit to the supply is recognized 
and stored in the diagnostic register the output 
transistor is switched OFF. The output can be 
switched ON again only via a new input pulse. 
The device needs a second supply voltage (Vee) 
which comes normally from the same supply as 
for the J.!C. 
This voltage supplies the logic and avoides prob
lems whith logic leve!-disturbances. 

Figure 1: Two Chip Solution To Drive Four Valves: Parallel Data Out 

sv - uP OSCILLATOR~~ BIASING I u. ,, 
GE~~~~~OR • RE;:SET I ~ "' --······· --- --· --···-··········· 

FAIL ; I FLVBACK 

I IHt 
MONITORING CONTROL 

OUT1 I OUT1 IN1 
~ ~ 

f~"'"' ~ffisus. ~"our1 LL RL 

I.F;:PUT 

............... ________ "":' ___________ 

FAIL ; I FLVBACK 

I IN2 MONITORING CONTROL 
OUT2 I OUT2 IN2 --1';;-... ~ 

f~v!N2 ~{flsua. ~V OUT2 
LL RL ~~UT 

CK ············-
_________ """: ____ 

------· 
vee 

TEMPERATURE 
DATA OUT ---s;:J--l~ I AGNtSTI C SENSE 

cs 

..l::"fl DATA IN 
I.._ 

OSCILLATOR!r4 BIASING I Is I 01 
Us 

CLOCK 
• RESET I 

Co i i~2 GENERATOR ~ "' .............. ......... ---·· -- -----
FAIL ;IFLYBACK 

I IN1 MONITORING CONTROL 
OUT1 I OUT1 IN1 .J'o- ~ ± ~V IN1 ~UT ~{flsus. !uour1 

LL RL 

--- ---·--···· 
_________ ":"": _________ 

FAIL ; I FLVBACK 
I ~MONITORING CONTROL 

OUT2 I OUT2 IN2 IN2 

~UT 
~ 

i ~V IN2 ~mSUB. ~U OUT2 
LL RL 

.;;;; 
CK ........ -····- -------~-----------

"our ~J ucc 
TEMPERATURE 

DATA OUT --s;J---i. DIAGNOSTlC 
SENSE T cs 

GND 
DATA IN ...... .L _:'-
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Figure 2; Two Chip Solution To Drive Four Valves: Serial Data Out 
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FAIL ; I FLYBACK 
I MONITORING CONTROL 
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~ 

OUT1 I OUT1 __,---,_ 
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GENERATOR 
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FAIL ; I FLY BACK 
I MONITORING CONTROL 

IN1 IN1 OUT1 I OUT! 

f )uiN1 ~PUT ~{flsua. 
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j U OUT1 
LL RL 

. ..... 
FAIL ;IFLYSACK 

I MONITORING CONTROL 
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~ U OUT2 
LL RL 

CK ........ . -"--:. -ucc -

DATA OUT ~ DIAGNOSTIC 
TEMPERATURE 

UouT j J 
SENSE 

cs T DATA IN 
. ..... 

DIAGNOSTIC 

DIAGNOSIS 
The diagnosis is able to detect the following 
states: 
• OUTPUT SHORT-CIRCUIT TO BATTERY 

(SUPPLY VOLTAGE) 
• OUTPUT SHORT-CIRCUIT TO GROUND 
• OPEN LOAD 
• THERMALOVERLOAD 

READING OF THE DIAGNOSIS REGISTER 
A low signal at the chip select CS-input and a 
positive edge of the clock signal at CK-input starts 

GNO 
...... .L 

the reading of the diagnosis register. 
The serial diagnosis register (Ref. to figure 3) is 
loaded synchronously with CK-signal at DA
TAOUT and new data fed through DATAIN as 
long as CS is "LOW". 
After the nineth clock cycle the first DATAIN in
formation is present at DATAOUT. The STATUS 
BIT 0 is "HIGH if one diagnosis register is set or 
the DATAIN-input is "HIGH", hence the presence 
of a failure can be detected by BIT 0. 
The positive edge at CS clears the diagnosis reg
ister. During reading the diagnosis register (CS = 
"LOW") the single bits cannot be changed. 

-------------- L..,l ~~~;m~~:~~~J: _____________ sf?_ 
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Figure 3: Serial Diagnostic 

cs 

~~THERMAL I o0~T:u1T I 0°~T:u~ I 
OUER SHORT TO SHORT TO LOAO 
LOAO BATTERY GROUNO 

OPEN 
LOAD 

DATA IN 

INTERNAL DIAGNOSTIC REGISTER /192L9368·84 

CASCADING OF SEVERAL INJECTOR 
DRIVERS 
!he possibility is given to read the diagnosis reg
ISters of several injector drivers via one diagnosis 
bus. Additionally the user can choose between 
two versions. 
1. (figure 1): 
T~e CK and DATAOUT terminals of the injector 
dnvers are connected in parallel to the diagnosis 
bus. Each IC is provided with a separate CS-wire. 
The DATAIN-input is connected to GND. 
2. (figure 2) 
The CK and CS terminals are connected to the 
parallel diagnosis bus. The data line is connected 
in series through the terminals DATAIN and DA
TAOUT or each single IC. The DATAIN input of 
the first IC must be connected to GND. 
The. first yersi'?n allo~ to read the desired diag
nosl:; reQISter 1mmed1ately after the CS-signal is 
applied. tn the other version all diagnosis regis
ters have to be read one after the other whereby 
only a 3-wire bus is sufficient. In the other case 
each IC needs a separate CS-Iead to the processor. 

.FAILURE DETECTION 
Except the overtemperature signal all failure sig-

Figure 4 

FAILURE 

FILTER FUNCTION 

FILTER OUTPUT 

nals are filtered before setting the corresponding 
BIT in the diagnosis register. 
The filter checks whether the failure signal is 
present during three times running the measure 
cycle within Ts. Spikes shorter than tEs are ig
nored. 
THERMAL OVERLOAD 
If the chip exceeds TJsB the "thermal overload"
BIT is set. Because the transistors are not 
switched off the element can be thermally de
stroyed if the control does not set the IN1 and IN2 
inputs to "LOW". 
OUTPUT SHOTR-CIRCUIT TO BATTERY 
(BIT2/5) 
The output currents lo112 are internally limited to 
3A (typ).lf the output current reaches the current 
limit the power DMOS leaves the resistive region 
and changes to the saturation region. 
Consequently the drain source voltage increases 
and after reaching of typ. 2V the "output-short-cir
cuit to battery" BIT is set and the power DMOS 
are switched off. 
Repetitive control of IN1 and IN2 inputs (low-high 
sequence) switches on the DMOS again. But the 
bit in the diagnosis register is not resetted. 

1192L936B-B5 
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Figure 5: Principle Of Internal Diagnostic Detection 

SHORT TO BATTERY 
!OUERCURRENTJ 

SHORT TO GROUND 

OUTPUT SHORT-CIRCUIT TO GND (BIT3/6) 
AND OPEN LOAD (BIT4/9). 
In case of the switched off power DMOS the inter
nal 20K resistors R1 and R2 divide the output volt
age to half the supply voltage without load (fig.5). 

Figure 6: Diagnostic Detection Voltage Range 

L9360 

Us 

2elK R1 

01 

OUT 1/2 
POWER 

DMJ R2 

DSUB 02 
FROM 

DRIUER -
1192L935B-B5f1 

A window comparator detects the output voltage 
and sets the "open load" BIT if the voltage devi
ates more than +/-0.25Vs from 0.5Vs. But if the 
output voltage decreases below 0.1 6Vs the "out
put short circuit to ground" BIT is set. 

DIAGNOSTIC 
STATUS OF 

POWER DMOS 

ON OUTPUT SHORT TO BATTERY ) 

OFF !oUTPUT SHORT TO GROUND! I OPEN LOAD I 
USGNDH UOLOADL UOLOADH 

Us Us Us 3Us UOUT 
-0.3 0 2.5U -

6 4 2 4 
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L9363 

QUAD INTEGRATED LOW SIDE DRIVER 

• LOW ON RESISTANCE (0.25Q EACH OUTPUT) 
• VARIOUS FAULT SITUATION DETECTOR 

(SHORT CIRCUIT, OPEN LOAD) 
• LOAD DUMP PROTECTION 
• OVER-VOLTAGE PROTECTION 
• INDIVIDUAL OUTPUT OVER-CURRENT 

PROTECTION 
• CLAMPING VOLTAGE (HIGHER THAN 60V) 

FOR DRIVING INDUCTIVE LOAD 

DESCRIPTION 

The L9363 is a monolithic quad low side driver 
with DMOS outputs, designed for automotive en
vironment especially in the injectors driving field. 
Each output has a dedicated overcurrent protec
tion and the device is overvoltage protected. The 
Status pin provides the microprocessor with the 
fault status feedback. 

BLOCK DIAGRAM 

August 1992 

ADVANCE DATA 

MULTIWATI15 

ORDERING NUMBER: L9363 

The device is housed in a Multiwatt 15 pin pack
age. An internal zener diode connected between 
the source and the drain of each power DMOS 
allows a fast recirculation with a clamping voltage 
higher than 60V. 

1/6 
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L9363 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs DC Supply Voltage Oto25 v 
Vsm Transient Supply Voltage -1.5to60 v 
Vco Peak Clamping Voltage (ld = 20mA) 60 to 80 v 
fmax Ouperating Frequency 400 Hz 

ld Drain Current Self Limiting (min) 3 A 

VtN Input Voltage -0.5to 7.5 v 
Ptot Total Power Dissipation (max 25 °C) 42 w 

TiTstg Junction and Storage Temperature Range -40 to 150 oc 

BLOCK DIAGRAM 

/ 
TAB IS ELECTRICAL GROUND 

THERMAL DATA 

DRAIN4 

DRAIN3 

IN3 

IN4 

IN ( 3+41 

STATUS 

GND 

GND 

Us 

IN (SELECT I 

IN ( 1+21 

JN2 

JN1 

DRAIN1 
DRAIN2 

N92L!J363·B28 

Thermal resistance junction to ambient 
Thermal resistance junction to case 

35 
3 

PIN FUNCTIONS 

Pin Symbols Functions 
1,2,14,15 DRAINS Outputs 2, 1, 3, 4 respectively 

3,4,13,12 IN Input 1 ,2,3,4 respectively 

5 IN(1+2) This input pin drives output 1 and 2 in the same time when the IN select pin is 
"HIGH" 

6 IN Select This pin selects which input will be used to drive the outputs. When this pin is 
"LOW" the normal input pins drive the outputs. When it's "HIGH", the IN (x + y) 
(see below)_ drive the outputs. 

7 Vs This pin is connected to Vbat. 

8,9 GND Ground 

10 STATUS This pin provides fault status information about the device. The following faults 
will be indicated by a low state on this pin: 
1) Short to Vbat or overcurrent condition on any output, 
2) Open load condition on any output. 
3\ Over-voltaQe shutdown mode. 

11 IN(3+4) This input pin drives output 3 and 4 in the same time when the IN select pin is 
":HIGH" 

2/6 
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L9363 

ELECTRICAL CHARACTERISTICS (Vs = 5.5 to 14.5V,Tj =-40 to 125°C unless otherwise specified; 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vs& DRAIN Operating Supply Voltage and 5.5 25 v 
Outputs 

VrH Input High Voltage lo = 1A 3.0 v 
Vrhvst Input High Voltage Hysteresis lo = 1A 0.4 v 
VrL Input Low Voltage lo = 8011A 0.8 v 
hH Input High Current Vr=3V 50 11A 

lrL Input Low Current Vr = O.BV 50 11A 

loss Zero Input Voltage Drain Current Vs = 14.5V; VLO = 25V 500 11A 
VLO = 5BV 2 mA 

Is Logic Supply Current VS = 13V; Vr = 0.4V 7 mA 

ld(ilm) On State Limiting Current Vs=13V;Vr=5V 3.0 A 

Rdson Drain Source On Resistance Vs = 13V; lo = 1A; T1 = 25°C 0.25 Q 
Vs = 8V; 10 = 0.7A; T1 = 25°C 0.4 Q 
Vs = 5.5V; lo = 0.4A; T1= 25°C 0.5 Q 
Vs = 13V; 10 = 1A; T1 = 125°C 0.5 Q 
Vs = 13V; 10 = 1A; T = -40°C 0.25 Q 

Iss Short Circuit Sense Time Vr = 5V; RL = 0.050; Vs;;, 9V 10 250 J.IS 
(fig 2 and 3) lssAND. t,ef must be set such 

that the short circuit duty cicle 
Iss/ (Iss+ t,ef) is less than 10% 

tref Short Circuit Refresh Time (fig Vr = 5V; RL = 0.050; Vs;;, 9V 1.5 7 ms 
2 and 3) 

ISOFF Open Load Off Sense time (fig. 4) Vs = 13V; Vr = 5V; Open Load 1.0 20 40 !lS 

!soN Open Load On Sense time (fig. 5) Vs = 13V; Vr = 5V; Open Load 1.0 2 4.0 ms 

Ism Fault Status Off Time (fig.2 and 3) Vs = 13V; Vr = 5V; RL = 0.050; 3 10 llS 
or Open Load 

IPHL Turn on Delay Time (fig.1) Vs = 13V; RL = 30Q; 2 10 J.IS 

IPLH Turn off Delay Time (fig.1) Vs = 13V; RL = 30Q; 7.5 15 !lS 

lr Rise Time (fig.1) Vs = 13V; RL = 30Q; 5.0 10 llS 

It Fall Time (fig.1) Vs = 13V; RL = 30Q; 5.0 10 !lS 

Device Turn On Threshould 5 v 
Over Voltage Shutdown Threshold 30 38 v 
Over Voltage Reset Hysteresis 5 7 v 
Status Low Voltaqe lstr = 1 OmA Open Load 0.4 v 
Status High Voltaqe lstrh = 30~ Open Load 3.0 5.5 v 

Vooff Open Load "OFF" Detection Vs = 13V; Vr = OV Open Load 2.4 5 v 
Voltage (fig.4) 

Open Load Detection Current Vs = 13V; Vr = 5V Open Load 
(fig. 5) T1 = 125°C 80 100 mA 
T1= 25°C 110 130 mA 
T = 40°C 150 190 mA 

FAULT LOGIC OPERATION 
Faults conditions include fully shorted or partially 
shorted loads, open loads and overvoltage at Vs. 
An overvoltage condition will shutdown all the out
puts while a shorted load will only shutdown the 
affected output. In either case the device shall re
sume normal operation when the fault situation no 
longer exists. The STATUS pin shall indicate a 
fault for any of the fault conditions described 
above. The fault status for overcurrent and open 

load conditions acts individually for each output, 
while overvoltage shutdown acts independently 
from the input. The output and STATUS line oper
ation for each type of fault is described in more 
detail below. 

SHORT TO Vs I OVER CURRENT FAULT 

The status line will switch to a low level as long as 
the input is high, if the output current correspond
ing to that input reaches the Current Limit, lo(lim), 
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L9363 

specified in the electrical specification for a period 
of time in excess of Iss. 
This condition indicates an over current fault and 
will cause that output to shutdown regardless of 
its input value, while other outputs will continue 
normal operation. As long as the input remains 
high, the device will continually retry energizing 
the load at a frequency defined by the Refresh 
Time, Tref. The sense time and refresh time will 
determine the duty cycle at which a shorted load 
will be driven. This duty cycle must not cause the 
driver to exceed its thermal capabilities. During 
the overcurrent sense time the status Cpin will be 
at a high level and current limiting will take effect 
during the over current sense time. After the over 
current condition is removed, the output driver will 
operate normally and the Status line will remain 
high when that output is energized. Refer to Fig
ure 2 & 3 for the over current condition waveform
s. 

OPEN LOAD FAULT 
The status line will switch to a low level, if: 

1) while all outputs are off, a drain voltage falls 
below the Open Load "OFF" Detection Volt
age, Voott, for a time exceeding the Open 
Load "OFF" Sense Time, tosoff, or 

INTEGRATED DRIVER FUNCTION TABLE 

MODE OF IN STATUS IN (1+2) 
OPERATION SELECT 

NORMAL H L X 
OPERATION H L X 

IN-SELECT MODE H (note 2) H H 
H (note 2) H H 
H (note 2) H L 
H (note 2) H L 

OVER VOLTAGE L X X 
SHUTDOWN (note 3) 

OPEN LOAD FAULT H(L) (rote 4) X X 
"ON" (OFF") (note 4) L X X 
SHORT TO Vbat H X X 
OVER CURRENT (note 5) L X X 

2) when an output is energized, that drain cur
rent fails to exceed the Open Load Detection 
Current, loson, after the Open Load On Sense 
Time, loson. 

In case 1 the status line will remain low until the 
voltage level at that drain exceeds Voott or until a 
non-faulted output is energized. In case 2 the 
Status line will remain low until the current is 
greater than loson or until that output is turned off. 
After the open condition is removed, the output 
will operate normally and the Status line will no 
longer indica! a fault. 
Refer to Figure 4 & 5 for the open load condition 
waveforms. 

OVER VOLTAGE SHUTDOWN 
All outputs are disabled when Vs level exceeds 
the Overvoltage Shutdown threshold. In addition if 
any outputs are on when this condition occur, it 
will shutdown and STATUS pin will switch to a 
low level. 
When Vs has dropped the Over Voltage Hys
teresis, Vovhyst, it has returned to a normal opera
ting voltage, the Status line will switch high, and 
the device will resume normal operation. 

IN1 & IN2 OUT1 & IN3&1N4 OUT3& 
IN (3+4) OUT2 OUT4 

(note 1) (note 1) 
(note 1) 

(note 1) 

X L H L H 
X H L H L 

H X L X L 
L X L X H 
H X H X L 
L X H X H 

X X H (note 3) X H (note 3) 

X L ? L ? 
X H L H L 

X L H L H 
X H H H H 

H =HIGH LEVEL L =LOW LEVEL X= IRRELEVANT ?=UNKNOWN 

NOTES; 

1. Inputs and outputs 1-4 are independent in normal operation. when one output is faulted the other three outputs Will operate normally. 

2 IN Select Mode outputs 1 & 2 are driven by IN (1 +2) and outputs 3 & 4 are dnven by IN (3+4). Depending on the load type and its mode of 
operation, the IN (x+y) Inputs can be h1gh, low, or pulse w1dth modulated. Status 1s h1gh except under a fault condition. 

3. Over-voltage shutdown occurs when Vs exceeds the normal operating range. Th1s condition disables ALL outputs regardless of the input 
values and causes the Status to go low. 

4. The Status pin reveals the Open Load fault when the drain current falls to exceed a mimmum level when an output is on; or when all outputs 
are off and a drain voltage falls below the minimum level expected when the output is off. See f1gures 4 and 5. 

5. Short to Vbat/Over Current Shutdown occurs when the energ1zed output's drain current reaches the current lim1t and the Over Current Sense 
t1me has elapsed. The Status p1n 1nd1cates th1s fault only when the faulted dnver is energized. 
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VOLTAGE CLAMP 
Each output of each device provides active 
clamping of positive voltage transients due to the 
specified inductive loads. 

IN SELECT OPERATION 
In Select mode the IN-Select pin will be pulled to 
a high level. The device will than disable the nor
mal inputs and enable the IN (X+y) Inputs. IN 
(1 +2) will control outputs 1 and 2, while IN (3+4) 
will control outputs 3 and 4. 

CURRENT LIMITING 
Current limiting protection is provided individually 
to each output. If a load becomes shorted causing 
full battery voltage to be applied to the drain or 
any over current condition, the maximum drain 
current will be limited as specified in the electrical 
specifications. Normal device functioning with no 
degradation will resume upon removal of the over 
current condition. This current limiting for the time 
period needed for a shorted load to be sensed, 

Figure 1: Response Times. 

u I N o---c5=8 01--t--"I~N pUT N 

5BO 

L9363 

Iss, shall provide additional protection to the out
put until the current shutdown can take effect. 

SYSTEM ACTUATOR 

The system actuators are typically 13.8 ± 0.5Q 
and 6.8 ± 0.7mH or 14.5 ± 0.72Q and 7.2 ± 
0.7mH ( for fuel injectors and cold start injector). 
Other system actuators to be driven are variable 
cam timing solenoids which are 14.5 ± 0.72Q and 
20 ± 1 mH, shift solenoids which range from 15.7 
± 0.5n to 28 ± 2n and 24 ± 2 mH to 70 ± 35mH, 
fuel pump relay of 90 ± 1 on and 130 ± 1 OmH 
and a GE194 incandescent light bulb (0.27 A typ 
2.7A cold inrush). 

All drain (outputs) have a 0.0011-!F filter capacitor 
connected to case ground. The drains may also 
have an external high resistance (approximately 
200KQ) to ground for more accurate open load 
detection. Unused drain pins require 20KQ tied to 
Vs to prevent false "off state' open load detecting 
and reporting. 

All loads must be powered by module Vs to pro
tect the device from full transient on Vs. 

UPWR .13U UL0-38U 

!1 ~3-0-~ 01 J 380 

12 4 02 

13 13 

I 4 12 

14 03 

15 04 

OUTPUT N 

+18U · ·ll 
BU .....J l_ STATUS 18 

H38us -+ :.._ 
2% DUTY CYCLE 

PH! 

CURRENT 

MEASUREMENT 

GNO GNO 

SWITCHING SPEED TEST CIRCUIT 

RESPONSE TIMES 11!32L9363-83R 

______________ L.,, ~~~;m~~r::~~~:: ______________ 5_16 
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L9363 

Figure 2: Over Current Status Operation 
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Figure 3: Over Current Status Operation 
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Figure 4: Off State Open Load Status Operation 
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Figure 5: On State Open Load Status Operation 
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L9444VB/L9448VB 
L9480VB 

ONE CHIP CAR ALTERNATOR REGULATOR 

" NO EXTERNAL COMPONENTS 
• PRECISE TEMPERATURE COEFFICIENT 
'" PRECISE REGULATED VOLTAGE 
• HIGH OUTPUT CURRENT 
., SHORT CIRCUIT PROTECTED 
• REVERSE BATTERY PROTECTION 
a + 80 V LOAD DUMP PROTECTION 
• LOW ENERGY SPIKE PROTECTION 
• THERMALSHUTDOWN 
• VERY LOW START UP VOLTAGE 

DESCRIPTION 
The devices are a "single function" self-oscillating 
voltage regulator for car alternators. Integrating 
both the control section and the output power 

BLOCK DIAGRAM 

! 
LOAD DUMP 

PROTECTION 

I 

INPUT THERMAL 

ADVANCE DATA 

T0220 
ORDERING NUMBER: L9444VB 

L9448VB 
L9480VB 

stage on a single chip, the devices require no ex
ternal components, reducing significantly the cost 
of the system and increasing reliability. 

Us 
+UB 

1 

CURR.LIMIT 

I R - !. THERMAL 
COMPENSAT. 

T Rs r 

L 

2 OUTPU T 

r- - 1-- ,....---
DIUIDER PROTECTION 

! -UOLTAGE INPUT 
--I DRIUER~~ REFERENCE r------ COMPARATOR 

1 
3 

~GND 
1192L9444 Bt -

October 1992 1/3 

Th1s IS advanced mformat1on on a new product now 1n development or undergoing evaluation. Details are subject to change without not1c293 

I 



l9444VB -l9448VB - l9480VB 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 
Vs Transient Overvoltage : 80 v 

Load Dump : 5ms :s; Tnse :s; 1 Oms, 
'tt Fall Time Constant < 1 OOms, Rsource > 0.5Q 

I clamp Current into Low Energy Clamping Zener 
(Tnse - 51-ls ; T de<:ID'_ < 2ms ; duty cycle < 5o/~ 

100 mA 

lout Maximum Ou.!Q_ut Current 5.5 A 

T, Tstg Junction and Storage Temperature Range 55to+150 oc 

THERMAL DATA 

Parameter Value 
Thermal Resistance Junction-case Max. 3 

PIN CONNECTION (top view) 

r--
2 > OUTPUT 

$ 3 > GROUND 

1 > !Usl 
'-

~ tab connected to pin 3 1192L9444-82 

DEVICE OPERATION 
The alternator voltage, rectified by the auxiliary 
diode trio, is compared with an external reference 
and the resulting signal switches the output stage, 
driving the alternator field coil. 
As the regulator is a self-oscillating type, the 
switching frequency depends on the whole sys
tem parameter set (including the alternator char
acteristics). 
The regulator has an integrated filter in the volt
age sensing path. Consequently it doesn't need -
in the standard application- any external compo
nent. 

Anyway an external capacitor (0.1 - 1!!F) must _be 
inserted between Vs and Ground guaranteeing 
the correct behaviour of the device when the rec
tifying diodes feature very high switching spikes 
that are not filtered by the devices. 

This external capacitor must also be ~sed when 
the impedances of the cables connecting the al-

ternator to the battery are so high to cause a 
superimposed ripple on the alternator voltage 
higher than 3-4V. 
The devices regulation voltage and the tempera
ture coefficient may be independently set by 
suited metal mask selections ; furthermore the 
regulation voltage is trimmed within ± 1% of the 
nominal value @ 2s·c. 
The devices have an unique -and patented- sys
tem to compensate the self-heating of the die du_e 
to the power dissipated in the output stage. In thiS 
way the internal reference voltage tracks the case 
temperature rather than the die one. 
The device can withstand the reverse battery and 
the load dump (up to BOV) ; They can absorb, _into 
the internal clamping zeners, low energy spikes 
up to a level of 1 OOmA and its output is short cir
cuit protected. 
Finally the internal thermal shutdown avoids any 
possible device damage due to overtemperature 
problems. 
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L9444VB - L9448VB - L9480VB 

ELECTRICAL CHARACTERISTICS(- 40 oc :<:; TJ$ 125 oc unless otherwise noted) 

Symbol Parameter Test Conditions 

Vr Regulation Voltage T1 ~ --40°C for L9444VB 
for L9448VB 
tor L9480VB 

T ~ 25°C 

T1 ~ 125°C tor L9444VB 
tor L9448VB 
for L9480VB 

CT Temperature Coeff. of the forL9444VB 
Regulation Voltage forL9448VB 

forL9480VB 

eCT Error on Nominal Temperature 
Co elf. 

v, Load Regualtion 0.1 In < lart < 0.9 In 
(note 1) 

Vsu Control Circuit Mmimum Start Measured at Supply Pin 
up Voltage 

Vsd Shutdown Voltage (dump 
protection threshold) 

Vsat1 Output Saturation Voltage ltreld ~ 4 Ao 

Vsat2 Start Up Saturation Voltage ltreld ~ 200 rnA 

I Quiescent Current Field Oil 

Is Supply Current ltreld ~ 4 Ao 
Its Field Pin Sink Current Field Off 

Field Pin@ 16 V 

V1 CLAMP Low Energy Clamping Zener 
Voltage 

lcramp ~ 50 rnA 

fsw Switching Frequency 01 In < lart < 0.9 In 

Note1: measured on an alternator with the following characteristics: In =<90A; laltllfleld >= 23 

APPLICATION CIRCUIT 

Us-SENSING 

L9444UB 
L9448UB 
L9488UB 

GND 

n52L54U-83fl 

Min. Typ. Max. Unit 

14.49 14.79 15.05 v 
14.36 14.66 14.96 v 
14.75 15.05 15.35 v 
14.10 14.40 14.70 v 
13.50 13.80 14.10 v 
13.70 14.00 14.30 v 
13.10 13.40 13.70 v 

-6 mV/°C 
-4 mV/°C 
-10 mV/°C 

±30 % 

250 mV 

2 3 v 

22 v 

1.2 2 v 
0.7 1 v 
20 rnA 

50 rnA 

5 mA 

120 v 

30 1000 Hz 
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L9610C 
L9611C 

PWM POWER MOS CONTROLLER 

• HIGH EFFICIENCY DUE TO PWM CONTROL 
ANDPOWERMOSDRWER 

• LOAD DUMP PROTECTION 
• LOAD POWER LIMITATION 
• EXTERNAL POWERMOS PROTECTION 
" LIMITED OUTPUT VOLTAGE SLEW RATE 

DESCRIPTION 
The L961 OC/11 C is a monolithic integrated circuit 
working in PWM mode as controller of an external 
powerMOS transistor in High Side Driver configura
tion. 

Features of the device include controlled slope of 
the leading and trailing edge of the gate driving vol
tage, linear current limiting with protection timer, set
table switching frequency fo, TTL compatible enable 
function, protection status ouput pin. The device is 
mounted in S016 micropackage, and DIP16 pack
age. 

BLOCK DIAGRAM 

VSR 
1 I OUTPUT I 

I STAGE 

5016 

~ 
~vnu 

DIP16 

ORDERING NUMBERS: L9610C 
L9611 C 

OUT G 
15 

i 

~ 
15 --1 VOLTAGE CHARGE I 
14 

SENSE PUMP 

IN P1 

85 

VR 

EN 

osc 
PIJL 

SENSE 

November 1991 

3 I BANDGAP I l I VOLTAGE I 
II 

C>;5~ TRIANGLE I 
<>-- OSCILL. I 

5 

7 I CURRENT I 
B 

I SENSE 

NC 

T i I 13 
P2 

12 
MON 

J PR~T. II 11 

I""'" I ~T' 
TIM 

GNO 

Vs 
9 
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L9610C/11C 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs D.C. Supply Voltage 26 v 
Transient Peak Supply voltage (R 1 ~ 1 OOQ) : 

Load Dump: 60 v 
5ms ::; lnse ::; 1 Oms 
11 Fall Time Constant ~ 1 OOms 
RsouRcE ~ 0.5Q 
Field Decay : -80 v 
5ms::; !tall::; 10ms, RsouRCE ~ 10Q 
1, Rise Time Constant ~ 33ms 
Low Energy Spike : ± 100 v 
I rise ~ 1J.lS, I Fall ~ 2ms, RsoURCE ~ 1 OQ 

Is Maximum Supply Current (t < 300ms) 0.3 A 

V1N Input Voltage -0.3 < V1N < Vs- 2.5 v 
T1, TsrG Junction and Storage Temperature -55 to+ 150 oc 

THERMAL DATA 

S016J 

R1h 1·a I Thermal Resistance Junction-alumina Maxi 50 I °C/W 

DIP16 

R1h J·a I Thermal Resistance Junction-ambient Maxi 90 I °CIW 

PIN CONNECTION (Top view) 

USR OUT G 

IN P1 

lJR 85 

EN P2 

PWL MON 
osc TIM 

SENSE GNO 
NC Us 

nBBL351BC-B2fl 
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L9610C/11C 

PIN FUNCTIONS 

Pin Name Functions 

1 VSR A capacitor connected between this pin and OutG defines the GATE 
Voltage Slew Rate. 

2 IN Analog Input Controlling the PWM Ratio. The operating range of the 
input voltage is 0 to VR. 

3 VR Output of an Internal Voltage Reference 

4 EN TTL Compatible Input for Switching off the Ou,tput 

5 PWL If this pin is Connected to GND and Vs > 13V, the duty cycle and the 
frequency fo are reduced : this allows to transfer a costant power to the 
load. 

6 Osc The capacitor connected to this pin defines the frequency of the 
internal triangle oscillator. 

7 SENSE Input of an Operational Amplifier for Short Current Sensing and 
Regulation. 

8 NC Not Connected. 

9 Vs Common Supply Voltage Input 

10 GND Common Ground Connection 

11 TIM A capacitor connected between this pin and GND defines the protection 
delay time. 

12 MON Open Collector Monitoring Output off the PowerMOS Protection. 

13,15 P2, P1 Connection for the Charge Pump Capacitor. 

14 BS The Capacitor Connected between this Pin and the Source of the 
Power MOS Allows to Bootstrap the Gate Driving Voltage. 

16 Out G Output for Driving the Gate of the External PowerMOS. 

I 
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L9610C/11C 

ELECTRICAL CHARACTERISITCS (Tamb =- 40 °C to 85 °C ; 6 V < Vs < 16 V unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operatinq Supply Voltaae 6 16 v 
Ia Quiescent Current 2.5 6 mA 

Vsc Internal Supply Voltage Clamp Is= 200mA 28 32 36 v 
VsH Supply Voltaqe Hiqh Threshold 16 18.5 21 v 
VsL Supply Voltaoe Low Threshold 4 5 6 v 
VR Reference Voltaqe 3.3 3.5 3.7 v 
IR Reference Current I!NR < 100mV 1 mA 

VINL Input Low Threshold 

KF Oscillator Freq. Constant 

Ks Gate Voltage Slew Rate 
Constant 

Kr Protection Time Delay Constant 

Vs, Sense Input Volt. 

VGON Gate Dnving Volt. above Vs 

VGOFF Gate Voltage in OFF Condition 

hN Input Current 

VENL Low Enable Voltaoe 

VENH Hioh Enable Voltaqe 

lEN Enable Input Current 

SR Slew Rate 

VMONsat Saturation Voltage (pin 12) 

Notes : 1. fo = KFICF. 
2. dV G'dt = Ks!Cs. 
3. tp,., = KT CT. 

FUNCTIONAL DESCRIPTION 

PULSE WIDTH COMPARATOR 

Note 1 

Note2 

Note 3 

Vs = 16V 

IG = 100 I!A 

WithoutCs 

IMON- 2 5 mA 

A ground compatible comparator generates the 
PWM signal which controls the gate of the external 
powerMOS. 

The slopes of the leading and trailing edges of the 
gate driving signal are defined by the external capa
citor Cs according to : 

dV Gldt = Ks!Cs 

This feature allows to optimize the switching speed 
for the power and RFI performance best suited for 
the application. 

The lower limit of the duty cycle is fixed at 15 % of 
the ratio between the input and the reference vol
tage (see fig. 1 ). Input voltages lower than this value 
disable the internal oscillator signal and therefore 
the gate driver. 
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The triangle oscillator provides the switching fre
quency fa set by the external capacitor CF according 
to: 

fa= KFICF 

If the pin PWL (power limitation) is connected to 
ground and Vs is higher than the PWL threshold 
voltage, the duty cycle and the fa frequency are re
duced : this allows to transfer a costant power to the 
load (see fig. 2). 

TIMER AND PROTECTION LATCH 

When an overcurrent occurs, the device starts 
charging the external capacitor Cr ; the protection 
time is set according to : 

!prot= Kr · Cr 



After the overcurrent protection time is reached, the 
powerMOS is switched-off ; this condition is latched 
by setting an internal flip-flop and is externally moni
tored by the low state of the MON pin. 

To resetthe latch the supply voltage has to fall below 
VsL or the device must be switched off. 

UNDER AND OVERVOL TAGE SENSE WITH 
LOAD DUMP PROTECTION 

The undervoltage detection feature resets the timer 
and switches off the output driving signal when the 
supply voltage is less than VsL. 

If the supply voltage exceeds the max operating 
supply voltage value, an internal comparator dis
ables the charge pump, the oscillator and the exter-
nal powerMOS. · 

Figure 1 :Typical Transfer Curve. 
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In both cases the thresholds are provided with suit
able hysteresis values. 

The load dump protection function allows the device 
to withstand -for a limited time - high overvoltages. 
It consists of an active clamping diode which limits 
the circuit supply voltage to VcLAMP and an external 
current limiting resistor R1 . The maximum pulse 
supply current (see abs. max. ratings is equal to 
0.3A. Therefore the maximum load dump voltage is 
given by: 

VouMP = Vsc + 0.8R1 

In this condition the gate of the powerMOS is held 
at the GND pin potential and thus the load voltage 
is: 

VL = Vs- VcLAMP- VGs 

--- _u~ ~~~L-O~~s_>_U~IJL RND PIJL NOT CONNECTEC TO GND 
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L9610C/11C 

Figure 2 : The Typical Waveforms for the Power Limitation Function. 
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SHORT CIRCUIT CURRENT REGULATION 

The maximum load current in the short circuit con
dition can be chosen by the value of the current 
sensing resistor Rs according to : 

lsc = Vso/Rs 

Two identical Vs compatible comparators are pro
vided to realize the short circuit protection. 

After reaching the lower threshold voltage (typical 
value Vso-10 mV), the first comparator enables the 
timer and the gate is driven with the full continuous 
pump voltage : when the upper threshold voltage 
value is reached the second comparator maintains 
the chosen lsc driving the NMOS gate in continuous 
mode. 

This function - showed in fig. 3 - speeds up the 
switch on phase for a lamp as a load. 

BANDGAP VOLTAGE REFERENCE 

The circuit provides a reference voltage which may 
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be used as control input voltage through a resistive 
divider. This reference is protected against the short 
circuit current. 

CHARGE PUMP 

The charge pump circuit holds the N-MOS gate 
above the supply voltage during the ON phase. This 
circuit consists of an RC astable which drives a com
parator with a push-pull output stage. The external 
charge pump capacitor Cp must be at least equal to 
the NMOS parasitic input capacitance. 

For fast gate voltage variation Cp must be increased 
or the bootstrap function can be used. The bootstrap 
capacitor should be at least 1 0 times greater than 
the powerMOS parasitic capacitance. 

The charge pump voltage VPUMP can reach to : 

VPUMP = 2 Vs- VeE- VcESAT 

The circuit is disabled if the supply voltage is higher 
than VsH. 



Figure 3 :The Typical Waveforms for Short Circuit Current Condition. 
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L9610C/11C 

APPLICATION CIRCUIT 

Figure 4. 

Note : All node voltages are referred to ground pin (GND) 
The currents flowing in the arrow direction are assumed positive 

without Css · Cp = 1 nF 

us 

f188L!J61BC-B8A 

without Css . Css must be at least 1 0 times higher than the gate capacitance : Cp = 100 pF. 

CONTROLLING A 120W HALOGEN LAMP WITH 
THE L9610C/11C DIMMER 

The L961 OC/11 C Lamp Dimmer is used to control 
the brightness of vehicle headlamps using H4 type 
lamps (see fig. 5). With switch S1 open the full sup
ply voltage is applied to the lamps : closing the 

8/9 
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switch it is a possible to reduce the average lamp 
voltage as desired : 

R3 
VL=VS 

R2+ R3 

If pin 5 is connected to ground the average lamp 
voltage is constant, even for supply voltages in ex
cess of 13 V. 



Figure 5 : Application Circuit. 

The sensing resistor Rs and timing capacitor Ct 
should be dimensioned according to : 

R _ Vs, 
s- 2lnom (@Vs=14 V) 

Ct= 
2 x limitation time 

Kr 

In normal conditions (Vee= 14 V, maximum bright
ness) the voltage drop across the sense resistor 
must be 50 mV. The current limiter intervenes at
twice the nominal current, I nom. 

L9610C/11C 

The timing capacitor Ct (V ct = 3.5 V) must be chosen 
so that the delay before intervention is twice the dur
ation of the current limitation at power-on. 

The optimal value of the oscillator frequency, taking 
tolerances into account, must be slightly higher than 
the frequency at which lamp flicker is noticable (min 
60Hz). 

The switching times are a compromise between 
possible EMI and switching power losses. The rec
ommended value for Cs is 47pF. 
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L9686 

AUTOMOTIVE DIRECTION INDICATOR 

• RELAY DRIVER IN CAR DIRECTION 
INDICATORS 

• FLASH FREQUENCY DOUBLES TO INDI
CATE LAMP FAILURE 

• DUMP PROTECTION ( ± 80 V) 
• REVERSE BATTERY PROTECTION 

DESCRIPTION 
The L9686 is a two frequency oscillator particu
larly suitable as relay driver for flashing light con
trol in automotive applications. The circuit may be 
also used for other warning lamps like "hand brake 
on" etc. The lamp failure detection is given by 
doubling the flash repetition frequency. The 
L9686 is supplied in a minidip 8-lead plastic pack
age. 

BLOCK DIAGRAM 

ADVANCE DATA 

Minidip 

ORDERING NUMBER: L9686 

? 
·-' 

1 --~--~---r--------~---r----+---~ 

STARTEP 

DETECT If)N 

2 

October 1990 

4 c 
. ..) 

7 

114 

ThiS IS advanced 1nformat1on on a new product now in development or undergoing evaluation Details are subject to change Without not1ce. 
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L9686 

PIN CONNECTION (Top view) 

DEVICE GND [ 1 
u 

8 p STARTER 

+'.JBATT [ 2 7 0 FAULT DET. 

i)UTPUT [ 3 . b p NC 

<.>SCI LLAT •':'>P [ 4 s D C•5CI LLAT •)P 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Transient Peak Supply Voltage (Rs ;o>: 220Q): 
Load Dump: 80 v 
5ms,;; tnse ,;; 1 Oms 
Tt Fall Time Constant= 1 OOms 
Rsource ;o>: 0.5Q 
Field Decay: -80 v 
5ms .5 !tall 5 1 Oms, Rsource ~ Q 

Tr Rise Time Constant= 33ms 
Low Energy Spike: ± 100 v 
tnse = 1j.lS, !tall= 2ms, Rsource > 1 OQ 

T, Tstg Junction and Storage Temperature Range -55 to 150 oc 
Ptot Total Power Dissipation at Tamb = 1 oooc 500 mW 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-ambient 100 

_21_4 ___________ /{"Zfn SCS·'rnOMSOR1 ___________ _ 
• 111 li\IJ~©~@~~~i:'ITil@~fi©ill 
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L9686 

ELECTRICAL CHARACTERISTICS (- 20°C 5. Tamb 5., 100°C, 8V 5. Vs 5. 18V unless otherwise speci
fied.) 

Svmbol Parameter Test Condition Min. Tvo. Max. Unit 

Vs Ooeratina Voltaae 8 18 v 
V2-V1 Clamoina Valtaae see nate 1 27 34 v 
V2-V3 Outout Saturation Voltaae IRL- 250mA 1.7 v 

R2 Starter Resistance see note 2 3.6 Kn 
KN Oscillato~fonstant KN (normal Fn = 1/KnRoCo 1.27 1.74 

Operation Osc. Freauencv 
CT Temperature Coefficient of Kn See Note3 -1.5· 1/oC 

10-3 
D.C. Duty Cycle (normal operation) 45 50 55 % 

Kc Oscillator Constant Kc Fe= 1KcRoCo 0.53 0.74 
(lamp failure detection) Osc. Frequency 

DCLF Duty Cic~~ (lamp failure 35 40 45 % 
detection 

Ia Current Consumption Relay off Vs=8V 2.2 3.9 rnA 
lpon 1 V~= 13.5V 2.7 4.3 rnA 

V -18V 3.3 4.7 rnA 
Vth Lamp Failure Threshold Ra=220Q 

(see note4) Vs= 13.5V 65 85 95 mV 
-20,;: Tamb.<: 100°C 

Notes : 1. This voltage IS the threshold used to protect the circuit aga1nst overvoltage : if Vbat is > than this threshold, the relay w1ll be on 
and the voltage across the Circuit will ma1nta1n constant increasing the current in the protective resistor A, 

2. This is the max1mum value for operation. This value must be higher than 1 K Ohms 1n order to limit the current 1n pin 8 dunng 
dumps. A recommended value for application should be 1,5 K Ohms. 

3. The external leakage from the blinker unit to ground must be with an equivalent resistor higher than 5,6 K Ohms to avoid para
sitic operation when the sw1tch St IS off 

4. This temperature coefficient is usefullto compensate the drift of the external timing network (R,, Ct). 
5. Th1s threshold is calculated for a 20 m Ohm shunt. The threshold is dependant of v .. , as the bulb current. 

FUNCTIONAL DESCRIPTION 
The circuit is designed to drive the direction indi
cator flasher relay. The application circuit shows 
the typical system configuration with the external 
components. Its consists of a network (R1 Ct) to 
determine the oscillator frequency, shunt resistor 
(Rs) to detect defective bulbs and two current 
limiting resistors (R:YRs) to protect the IC against 
load dump transients. 

The lightbulbs L2, La, L4, Ls. are the turn signal in
dicators with the dashboard-light Ls. The St 
switch position is sensed across resistor R2 
and Riamp by input 8. The flashing cycle is started 

by closing St : then, after a delay time td typically 
equal to 1.5 ms, the relay is actuated and the pin 
3 goes high switching on the corresponding 
lamps L2. La, (or L4, l5). These lamps will flash at 
the oscillator frequency not depending on the bat
tery voltage value (8 - 18 V). The flashing cycle 
stops and the circuit is reset to the initial position 
when the switch St is open. 
The lamp failure detection function senses the 
current through the shunt resistor Rs. When one 
of the lightbulbs is defective the voltage drop 
across Rs is reduced to a half and the failure is 
indicated by doubling the flashing frequency. 

3/4 ------------- s.:..,, ~~~~~~:[~!~~ -------------
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L9686 

Figure 1 : Application Circuit. 

Rs 

+VBATT 

Lt• HAND BRAKE ON INDICATOR 
L2: L3, L4, LS: 21W TURN SIGNALS 
L6: DSH BOARD LAMP 
Rs • 38mQ 
Rt • B2KQ 
R2 • 3.3KQ 
R3 • 228Q 
Ct • 4.7uF 

GND "92L95B5-B? 
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• HIGH PERFORMANCE CLAMPING AT 
GROUND AND POSITIVE REFERENCE 
VOLTAGE 

• FAST ACTIVE CLAMPING 
• OPERATING RANGE 4.75-5.25 V 
• SINGLE VOLTAGE FOR SUPPLY AND POSITI

VE REFERENCE 
• LOW QUIESCENT CURRENT 
• LOW INPUT LEAKAGE CURRENT 

DESCRIPTION 

The L9700 is a monolithic circuit which is suited for 
input protection and voltage clamping purpose. 

The limiting function is referred to ground and the 
positive supply voltage. 

One single element contains six independent chan
nels. 

Very fast speed is achieved by internal feedback 
and the application of a new vertical PNP-transistor 
with isolated collector. 

BLOCK DIAGRAM 

RS 

November 1990 

Ucc 
3 

L9700 

HEX PRECISION LIMITER 

Minidip 

ORDERING NUMBER : L9700 

4 

5 
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L9700 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

I1N Input Current per Channel 

T1, Tstg Junction and Storage Temperature 

Po Power Dissipation (T A = 85°C) 

Note: The circuit IS ESD protected according to MIL-STD-883C 

THERMAL DATA 

I Rth 1-amb I Thermal Resistance Junction-ambient 

PIN CONNECTION 

CHANNEL 1 

GROUND 

SUPPLY AND REFERENCE 

CHANNEL 2 

L9?BB-t 

Value 

20 

30 

-55to150 

Maxi 

CHANNEL 6 

CHANNEL 5 

CHANNEL 4 

CHANNEL 3 

650 

100 

ELECTRICAL CHARACTERISTICS (V cc = 5V, T1 = - 40 to 125°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 4.75 5.25 

Icc Supply Current 1.5 3 

Vcls Static Input Clamping Voltage 
Negative liN =-10mA -250 0 

Positive I1N =+ 10mA Vee Vee+ 250 

I1N Input Current (static) v,N =O 15 
v,N =Vee 15 
V1N =50mV 5 
V1N =Vee- 50mV 5 

Veld Dynamic Input Clamping Voltage 1m=±10mA 
(*) tR = 5ns 

Positive Overshoot 400 
Negative Overshoot 400 

Is (*) Settling Time See f1g. 2 20 

R1N (*) Dynamic Input Resistance 5 

Crtk (*) Crosstalk between any two Inputs 0 :S V1N :S Vee, 70 
f1N <1kHz 

Unit 

v 

mA 

oc 
mW 

°C/W 

Unit 

v 

mA 

mV 

mV 

!lA 
!lA 
!lA 
!lA 

mV 
mV 

ns 

Q 

dB 

{*) Des1gn limitS are guaranteed by stat1st1cal control on production samples over the indicated temperature and supply voltage 
ranges. These 11m1ts are not used to calculate outgoing quality levels. 
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Figure 1 : DC I ' . . Approximation. . f the Charactenstlc CTERISTIC Limit Points o NPUTCHARA 
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L9700 

Figure 2 : Dynamical Input Characteristics (continued) . 

2b v 

APPLICATION INFORMATION 

Most integrated circuits, both HNMOS and bipolar, 
are very sensitive to positive and negative overvol
tages on the supply and at the inputs. 

These transients occur in large numbers and with 
different magnitudes in the automotive environ
ment, making adequate protection for devices ai
med at it indispensible. 

Overvoltages on the supply line are faced through 
high voltage integration technologies or through ex
ternal protection (transil, varistor). 

Signal inputs are generally protected using clamp 
diodes to the supply and ground, and a current limi
ter resistor. However, such solutions do not always 
completely satisfy the protection specifications in 
terms of intervention speed, negative clamping and 
current leakage high enough to change analog si
gnals. 

The L9700 device combines a high intervention 
speed with a high precision positive and negative 
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clamp and a low current leakage providing the opti
mal solution to the problems of the automotive en
vironment. 

The high intervention speed, due to the pre-bias of 
the limiter stage and internal feedback, limits the 
voltage overshoot and avoid the use of external ca
pacitors for the limitation of the transient rise times. 

Figure 3 illustrates a typical automotive application 
scheme. The resistor Rs limits the input current of 
the device and is therefore dimensioned conside
ring the characteristics of the transients to be elimi
nated. Consequently : 

R Vtrans1ent Peak 
S= irNMAX 

The C1N capacitors must be used only on analog in
puts because they present a low impedance during 
the sampling period. 



L9700 

Figure 3 : Typical Application. 

Ucc 

~2 L97BB 3 

HHlnF 
1 4 5 6 8 7 

-~ 

DIGITAL 

INPUTS 

..r--. 
~ 

. ...____, 

--L::t 

ANALOG 

INPUTS 

~ ...__ 

.....__,. 

RS 

T 

CIN T 

The minimum value for CJN is determined by the ac
curacy required, the time taken to sample the input 
and the input impedance during that time, while the 
maximum value is determined by the required fre
quency response and the value of Rs. 

Thus for a resistive input ND connector where : 

Ts = Sample time (Seconds) 

Ro = Device input resistance (Ohms) 

VJN = Input voltage (Volts) 

k = Required accuracy(%) 

01 = Charge on capacitor before sampling 

02 = Charge on capacitor after sampling 

lo = Device input current (Amps) 

Thus: 

=T= 
..1-

;= 

but 

and 

so that 

and 

so 

MlCI-10 

COMPUTER 

ff89L 9788-83 

01 =CJNVJN 

01-02 =lo-Ts 

loTs= 
k. CJN- VJN 

100 
lo · Ts 

CJN (min) = -V k Farad 
IN· 

100 · Ts 
CJN (min)= 

k·Ro 
Farad 

The calculation for a sample and hold type convertor 
is even simpler : 

k = Required accuracy (%) 

CH = Hold capacitor (Farad) 

100 · CH 
C1N (min) = -k-- Farad 
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l9703 

OCTAL GROUND CONTACT MONITORING CIRCUIT 

• OPERATING DC SUPPLY VOLTAGE RANGE 
5V TO 25V 

• SUPPLY OVERVOL TAGE PULSE UP TO 40V 
• VERY LOW STANDBY QUIESCENT CUR

RENT 0.2mA 
• INTERNAL CLAMPING DIODES AT CONTACT 

INPUTS TO Vs AND GND 
• INPUT PULSE CI.JRRENT CAPABILITY UP TO 

+ 50mA ; - 75mA 
• NOMINAL CONTACT CURRENT OF 10mA DE

FINED BY EXTERNAL CONTACT SERIES RE
SISTORS Ri N1-8 

• CONTACT STATUS MONITORING BY COM
PARING THE RESISTANCE AT CONTACT 
SENSE INPUTS WITH THE INTERNAL REFER
ENCE RESISTOR VALUE 

• HIGH IMMUNITY DUE TO RESISTANCE COM
PARISON WITH HYSTERESIS 

DESCRIPTION 
The L9703 is a bipolar monolithic integrated circuit 
for monitoring the status of up to eight contacts con
nected to GND. 

BLOCK DIAGRAM 

DIP-20 

S0-20L 

ORDERING NUMBERS: L9703 (DIP-20) 
L9703D (S0-20L) 

It contains eight contact sense inputs and eight mi
crocomputer compatible three-state outputs. 

I ENS I R 1 

INS 

March 1992 1/6 
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L9703 

PIN CONNECTION (top view) 

Vs vee 

IN1 OUT1 

IN2 OUT2 

IN3 OUT3 

IN4 OUT4 

IN5 OUT5 

IN6 OUTS 

IN7 OUT7 

INS OUTS 

EN GNO 

lf8!!1L!!I?B3·B2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Test Conditions Unit 

Vs Transient Supply Voltage (t < 1 s) +40 v 
Vee Logic Supply Voltage 7 v 
hN DC Input DC Current ±40 mA 

IINP Input DC Pulse 50 mA 
(test pulse specification: 0 < tP < 2ms, f,; 0.2Hz, n = 25000) -75 mA 

lo Output Current Internally Lirnited 

VEN Enable Input Voltage Vee +0.3 v 
-0.3 v 

Po Power Disstpation at Tamb = ao·c 
DIP20 875 mW 
S020 420 mW 

Tstg,TJ Storage and Junction Temperature Range -55 to 150 oc 

THERMAL DATA 

Parameter 

Thermal Resistance Junction to Arnbient MAX. 

2/6 
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L9703 

ELECTRICAL CHARACTERISTICS (5V:::; Vs:::; 25V; -40°C :::;Ti:::; 125°C; 4.75V:::; Vee:::; 5.25V unless other
wise specified; the currents flowing in the arrow direction are assumed positive as marked in the application 
circuit diagram, fig. 1 ). 

Symbol Parameter Test Conditions Min. Typ. Max. 

VENL Enable Input Voltage LOW 0.8 
(device activated) 

VENH Enable Input Voltage HIGH 2.4 

VEN hvst Enable Input Hysteresis 200 420 BOO 

lEN Enable Input Current 2.4V < VEN <Vee 5 

OV < VEN < O.BV -5 -1 

VouTH Output Voltage HIGH 0 < louT < 100~A 4.0 Vee -0.1 Vee 

VouTL Output Voltage LOW louT~ -1 rnA 0.05 0.2 0.4 

louns Output TRISTATE Current lJ < VouT <Vee 0.5 

V1N Input Voltage (device active) EN~ LOW 
R1N ~ 1kQ Vs-2 Vs- 1.5 Vs-0.4 

V1N Input Clamped Voltage EN~ HIGH 
(device disabled) liN~ 30mA Vs + 0.3 Vs + 1 Vs+ 2 

liN~ -30mA -2 -1 -0.3 

louT Output Current OUT~ HIGH 2 
VouT ~ 0 

louT Output Current OUT~ LOW -20 
VOUT ~ 5.5V 

R1L l~ut Resistor (note 1) Tv< Vs < 16V 1.8 4 
L W Threshold Ll VGNO I ,s; 0.1Vs 

R1H Input Resistor (note 1) 5.3 20 
HIGH Threshold 

RIL Input Resistor 0.65 0.75 0.85 
RIH Threshold Ratio (note1) 

lac Quiescent Current EN ~ HIGH (tENH ;;, BO>ts) 0.12 0.16 
5V < Vs < 16V 
-40°C ,s; T ,s; 1 oooc 

los Quiescent Current All Inputs Open 0.04 

All Inputs Closed 0.24 

lac Quiescent Current EN~ LOW 6 
los 6 

tdo Delay Time/Output GouT ,s; 50pF 15 
(EN LOW to output data ready) +8R1NCIN 

ldTs Delay Time/Tristate GouT;:: 50pF 10 
(EN HIGH to output TRISTATE) 

Note· 1. The mput resistor threshold value is the resistor value from the IN·pln to ground at which the corresponding output changes 
its status (see f1g 3). 

Unit 

v 

v 

mV 

~A 

~A 

v 

v 

1.1A 

v 

v 
v 

mA 

mA 

KQ 

KQ 

mA 

mA 

mA 

mA 
mA 

~s 

~s 
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L9703 

APPLICATION CIRCUIT 

Figure 1 : Typical Application Diagram for the L9703 Circuit. The current flowing in the arrow direction is 
assumed positive. The external capacitors C1N and Cour represent the total wiring capacitance 
at the corresponding pins. 

Us IS 01 IJBAT 

02 

OUT1 IOUT1 
RIN1 IN1 

1 IIN1 

CIN1 ~91 IJIN1 
CH1 

IEHB IR1 

1 :C
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FUNCTIONAL DESCRIPTION 

The L9703 circuit monitors the status of the contacts 
connected to ground and through this series exter
nal resistors R1N to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 

The L9703 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of RIN1·8 = 1 kn. With this input resistor 
the contact current, when the contact is closed and 
the device activated (EN = LOW) is 

Vs- 2V 
liN =1""kQ (1) 

For this calculation the limit value of the Vs to IN sa
turation voltage of 2V was considered so that the lo
west limit value of liN is calculated in (1 ). 

The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output sta
tus as a function of the input resistor R1, shown in fig
ure 3. The input resistor is a sum of the R1N and the 
contact resistance RcoN or RcoFF, for the closed 
contact: 

R1 = R1N + RcoN, 

and for the open contact : 

R1 = R1N + RcoFF. 

(2) 

(3) 

L9703 

The output goes HIGH when the input resistance in
creases above 5.3ki.1 (typical value) and goes LOW, 
when the input resistance decreases below 4kn (ty
pical value). The limit values of R1 = 1.8Kn for LOW 
and R1 = 20ki.1 for HIGH implies that a contact with 
RcoN = 100!.1 (ati1N = 1 OmA) will be recognized as 
ON = LOW and a contact with RcoFF = 19kn will be 
recognized as OFF = HIGH. These limits are valid 
within the supply voltage range 6V ~ VS ~ 16V and 
the ground potential difference of 
IL'lVGNDI = 0,1V. 
The internal clamping diodes at the contact moni
toring inputs, together with the external contacts 
series resistors R1N, allows the device to withstand 
transients at the contact connection. The contact 
series resistor R1N limits the input current at the tran
sient. 
The dynamic behaviour of the circuit is defined by 
the times tdo and tdTs. When the contact is open, the 
input capacitor C1N must be charged through there
sistor R1N. In this case the total delay time may also 
be influenced by the time constant R1NC1N. 
The delay time ldTs, when disabling the device, is de
fined only by the internal circuitry. In both cases, an 
extemal output capacitance less than 50pF is assu
med, the internal output capacitances of the three
state buffers are less than 5pF. 

Figure 2 : The Contact Sense Input Connection with the Contact Equivalent Circuit. 
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L9703 

Figure 3 :The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 
Input. 

i 
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l9704 

OCTAL SUPPLY CONTACT MONITORING CIRCUIT 

• OPERATING DC SUPPLY VOLTAGE RANGE 
5VTO 25V 

• SUPPLY OVERVOL TAGE PULSE UP TO 40V 
• VERY LOW STANDBY QUIESCENT CUR

RENT0.2mA 
• INTERNAL CLAMPING DIODES AT CONTACT 

INPUTS TO Vs AND GND 
• INPUT PULSE CURRENT CAPABILITY UP TO 

+ 50mA,- 75mA 
• NOMINAL CONTACT CURRENTS OF 10mA 

DEFINED BY EXTERNAL CONTACT SERIES 
RESISTORS RrN1·B 

• CONTACT STATUS MONITORING BY COM
PARING THE RESISTANCE AT CONTACT 
SENSE INPUTS WITH THE INTERNAL REFER
ENCE RESISTOR VALUE 

• HIGH IMMUNITY DUE TO RESISTANCE COM
PARISON WITH HYSTERESIS 

DESCRIPTION 

The L9704 is a bipolar monolithic integrated circuit 
for monitoring the status of up to eight contacts con
nected to the power supply (battery). 

BLOCK DIAGRAM 

March 1992 

DIP-20 

S0-20L 

ORDERING NUMBERS: L9704 (DIP-20) 
L9704D (S0-20L) 

It contains eight contact sense inputs and eight mi
crocomputer compatible three-state outputs. 

1/5 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Test Conditions Unit 

Vs Transient Supply Voltage (t s 1 s) +40 v 
Vee Logic Supply Voltage 7 v 
liN DC Input DC Current ±40 rnA 

hNP Input DC Pulse 50 rnA 
(test pulse speciftcatton: 0 < tP < 2ms, f,; 0.2Hz, n = 25000) -75 rnA 

Ia Output Current Internally Limited 

VEN Enable Input Voltage Vee +0.3 v 
-0.3 v 

Po Power Dissipation at Tamb = BO'C 
DIP20 875 mW 
S020 420 mW 

Tsto.TJ Storage and Junction Temperature Range -55 to 150 oc 

THERMAL DATA 

Parameter 

Thermal Resistance Junction to Ambient MAX. 

PIN CONNECTION (top view) 

lJs 1 lJCC 

IN1 2 OUT1 

IN2 3 OUT2 

IN3 4 OUT3 

IN4 5 16 OUT4 

INS 6 15 OUT5 

INfi 7 14 OUT6 

IN7 8 13 OUT7 

INB 9 12 OUTS 

EN 11 GND 

f189L!J?B./-82 
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L9704 

ELECTRICAL CHARACTERISTICS (5V :o; Vs :o; 25V; -40°C :o; T1 :o; 125°C; 4.75V :o; Vee :o; 5.25V unless 
otherwise specified; the currents flowing in the arrow direction are assumed positive as marked in the 
application circuit diagram, fig. 1 ). 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VENL Enable Input Voltage LOW 0.8 v 
(device activated) 

VENH Enable Input Voltage HIGH 2.4 v 
VEN hvst Enable Input Hysteresis 200 300 800 mV 

lEN Enable Input Current 2.4V < VEN <Vee 5 !lA 

ov < VEN < 0.8V -5 -1 ).lA 

VoLJTH Output Voltage HIGH 0 <louT< 100).1A 4.0 Vee -0.1 Vee v 
VouTL Out]J_ut Voltage LOW louT= -1mA 0.05 0.2 0.4 v 
loLJTTS Output TRISTATE Current 0 < VouT <Vee 0.5 uA 

VIN Input Voltage (device active) EN= LOW 0.4 1.5 2 v 
R1N = 1kQ 

V1N Input Voltage During Clamping EN= HIGH 
(dev1ce disabled) lJN = 30mA Vs + 0.3 Vs + 1 Vs + 2 v 

lJN = -30mA -2 -1 ·0.3 v 
louT Output Current OUT= HIGH 2 mA 

VouT = 0 

louT Output Current OUT= LOW -20 mA 
VOUT = 5.5V 

R1L Input Resistor (note 1) 5V < Vs < 16V 1.1 4.8 KQ 
LOW Threshold ILl.VoNol ,;0.1Vs 

R1H Input Resistor (note 1) 6.5 29 KQ 
RIL HIGH Threshold 

R1H Input Resistor 0.65 0.75 0.85 
Threshold Ratio (note1) 

loc Quiescent Current EN = HIGH (tENH 2 80).1S) 0.12 016 mA 
5V < Vs < 16V 
-40°C ,; T1 ,; 1 oooc 

los All Inputs Open 0.04 mA 

SIIN 2) Input Leakage Current All Inputs Closed VsAT,; Vo1 0.24 mA 

loc Quiescent Current EN= LOW 13 mA 
las 2 mA 

tdo Delay Time/Output GouT,; 50pF 15 ).IS 
(EN LOW to output data ready) +3RINCIN 

ldTS Delay Time/Tristate GouT :0 50pF 10 ).IS 
(EN HIGH to output TRISTATE) 

Notes: 
1. The input res1stor threshold value IS a res1stor value from the IN-pin to battery at wh1ch the corresponding output changes 
1ts status (see f1g. 3) 

2. ShN 1s the sum of the input currents ShN =I, I1N1 
1= 1 
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APPLICATION CIRCUIT DIAGRAM 

Figure 1 :Typical application diagram for the L9704 circuit. The current flowing in the arrow direction is as
sumed positive. The external capacitors G1N and GouT represent the total wiring capacitance at 
the corresponding pins. 

IEN1 

IEN1 IR1 

IENB IRB 

FUNCTIONAL DESCRIPTION 
The L9704 circuit monitors the status of the contacts 
connected to battery and through the series external 
resistors R1N to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 

The L9704 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of RIN1·B = 1 kQ. With this input resistor 
the contact current, when the contact is closed and 
the device activated (EN = LOW) is 

VsAT + !:...VsAT- 2V 
liN= 1KQ (1) 

For this calculation the limit value of the V1N (satura
tion voltage of 2V) was considered so that the lowest 
limit value of liN is calculated in (1 ). 

The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output sta-

4/5 
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VBAT 

01 VD1 

Vs IS 

lvs CS:C 
DZ 

vee re 

vee 1 5V 

OUT! IOUT1 

1 :c eOUT1 
VOUT1 

:c COUTS 

tus as a function of the input resistor R1, shown in fig
ure 3. The input resistor is a sum of the R1N and the 
contact resistance RcoN or RcoFF, for the closed 
contact: 

R1 = RIN + RcoN, 

and for the open contact : 

(2) 

R1 = f!IN + ·RcoFF. (3) 

The output goes HIGH when the input resistance in
creases above 6.5kQ (typical value) and goes LOW, 
when the input resistance decreases below 4.8KQ 
(typical value). The limit values of R1 = 1.1KQ for 
LOW and R1 = 29kQ for HIGH implies that a contact 
with RcoN = 1 OOQ (at liN= 1 OmA) will be recognized 
as ON = LOW and a contact with RcoFF = 28kQ will 
be recognized as OFF = HIGH. These limits are 
valid within the supply voltage range 5V::; Vs::; 16V, 
the battery voltage potential difference of 
It. VBAT I ::; 0.1 VsAT and the variation of the reverse 
battery protection diode 01 voltage from 0.5V to 1 V. 



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

The internal clamping diodes at the contact monito
ring inputs, together with the external contact series 
resistors R1N, allows the device to withstand tran
sients at the contact connection. The contact series 
resistor R1N limits the input current at the transient. 

The dynamic behaviour of the circuit is defined by 
the times Ida and ldTS. When the contact becomes 
open, the input capacitor C1N must be charged 

L9704 

through the resistor R1N. In this case the total delay 
time may also be influenced by the time constant R1N 
C1N. The delay time tdTS, when disabling the device 
is defined only by the internal circuitry. In both cases, 
an external output capacitance less than 50pF is as
sumed, the internal output capacitances of the 
three-state buffers are less than 5pF. 

Figure 2 :The Contact Sense Input Connection with the Contact Equivalent Circuit. 

RcoN 
1Bil0 

5 

I 

RcoFF : 
28KO 1 

'-----------~ 1KO IN 
nB!!IL!I7B4 -B4 

L9784 

Uo -
~ Uour 

l Ubat: 

Figure 3 :The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 
Input. 
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R r< 1. 1Ko: I I 
I I 

I I I 29KO < 
I I I 

i 
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I I I 
I I I 

4. BKO 5.5KO 
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L9705 

DOUBLE QUAD CONTACT INTERFACE CIRCUIT 

• OPERATING DC SUPPLY VOLTAGE RANGE 
5VTO 25V 

• SUPPLY OVERVOL TAGE PULSE UP TO 40V 
• VERY LOW STAND-BY QUIESCENT CUR

RENT, MAX 50J.!A 
• INTERNAL CLAMPING DIODES AT CONTACT 

INPUTS TO Vs AND gnd WITH PULSE CUR
RENT CAPABILITY UP TO +50mA, -75mA 

• CHIP ENABLE FUNCTION AND TRISTATE 
OUTPUTS FOR PARALLEL BUS CONNECTION 

• NOMINAL CONTACT CURRENTS OF 10mA 
DEFINED WITH EXTERNAL CONTACT 
SERIES RESISTORS R1N1-a 

• CONTACT STATUS MONITORING BY 
MEANS OF COMPARING THE RESISTANCE 
AT CONTACT SENSE INPUTS WITH THE IN
TERNAL REFERENCE RESISTOR VALUE 

• RESISTANCE COMPARING WITH HYS
TERESIS FOR HIGH NOISE IMMUNITY AND 
IMMUNITY TO GROUND AND BATIERY 
POTENTIAL DIFFERENCES 

BLOCK DIAGRAM 

ADVANCE DATA. 

DIP20 S020L 

ORDERING NUMBERS : L9705 

DESCRIPTION 
The L9705 is a bipolar monolithic integrated cir
cuit for monitoring the status of up to four con
tacts connected to GND and up to four contacts 
connected to the battery. The contact sense input 
supply the contact current and perform the con
tact resistance comparison function. 

At the output the contact status is translated into 
a logical LOW level (contact closed) or logical 
HIGh level (contact open). 

lEN 1 to .:1 IR 1 to A 

58 
INS 

R tNB 
OUTS 

GNO 
I EN 5 to 8 1 R 5 to 8 

f192L!J?85-BJ 
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L9705 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vsoc DC Supply Voltage +26 v 
Vsp Peak Transient Supply Voltage (I,; 400ms) +40 v 
Vee Logic Supply Vo~age 7 v 
liN DC Input DC Current +40 mA 

liNP Input Pulse (10 = 0 to 2ms; k 0.2Hz; n = 25000) -75 to 50 mA 

lour Output Current (VO = 0 to 5.5V) internally limited 

VEN Enable Input Voltage Vee +0.3V;-0.3V v 
Ptot Total Power Dissipation (Tamb = 80°C) DIP20 875 mW 

8020 420 mW 

T Junction Temperature Range max150 ac 

PIN CONNECTION (top view} 

Us vee 
IN1 OUT1 
IN2 OUT2 
IN3 OUT3 
11'14 OUT4 
INS OUTS 
IN6 OUT6 
IN7 OUT7 
INB OUTB 

EN GND 

f192L9?B5-B6 

THERMAL DATA 

Symbol Description DIP20 S020L Unit 

Rth ·amb Thermal Resistance Junction-ambient 80 ac;w 
Rth -amb Thermal Resistance Junction-ambient 165 °C/W 

2/5 -------------- L.,, ~~~~m~r::~~~ --------------
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L9705 

ELECTRICAL CHARACTERISTICS (Vs = 5 to 25V, Vee= 4.75 to 5.25V, Vbat -0.5V ~ Vs .~ Vbat -1V, 
Tj = -40 to 150°C unless otherwise specified.) 

~ymbol Parameter Test Condition Min. Typ. Max. Unit 

VENL Enable Input Voltage LOW -0.3 0.8 v 
(device activated) 

VENH Enable Input Voltag_e HIGH 2.4 Vee v 

VENh Enable Input Threshold 200 420 800 mV 
Hysteresis 

lEN Enable Input Current 2.4V < VEN <Vee 5 J.IA 
OV < VEN < 0.8V -5 -1 J.IA 

VourH Output Voltage HIGH 0 < lour< 100J.iA 4 Vcc-0.1 Vee v 

lour Output Current OUT status= HIGH; Vour= 0 0.5 2 rnA 

VourL Output Voltage LOW lour= -1mA 0.05 0.2 0.4 v 

lour Output Current OUT status= LOW; Vour = 5.5V -5 -20 rnA 

louns Output Tnstate Current O<VOUT <Vee 0.5 llA 

VIN1.4 Input Voltage (device active) EN= LOW; R1N= 1KQ Vs-2 Vs-1.5 Vs-0.4 v 

VIN5,8 Input Voltage (device active) EN= LOW; R1N= 1KQ 0.4 1.5 2 v 

v,N Input VoltageDuring Clamp EN = HIGH; hN = 30mA Vs-10.3 Vs+1 Vs+2 v 
(device disabled) IIN=-30mA -2 -1 -0.3 v 

RIL 1,4 Input Resistor LOW Threshold 5V < Vs<16V; ID.VGND Is 0.1Vs 1.8 4 KQ 
(note 1) I D. VsAT Is 0.1VsAT 

RIL5,8 Input Resistor LOW Threshold 5V<Vs<16V; ID.VGNols0.1Vs 1.8 4.8 Kn 
(note 1) ID.VsAT Is 0.1VsAr 

RIH1,4 Input Resistor HIGH Threshold 5V<Vs< 16V; i.WGNols0.1Vs 5.3 20 KQ 
(note 1) ID.VeAr I< 0.1VsAT 

RIH5,8 Input Resistor HIGH Threshold 5V<Vs<16V; I6.VGNols0.1Vs 6.5 29 KQ 
(note 1) I D.VsAT IS 0.1VsAT 

R1L Input Resistor Threshold Ratio 5V<Vs<16V; I6.VGNols0.1Vs 0.65 0.75 0.85 
(note 1) I D. VeAT I< 0.1VsAT 

RIH Input Resistor Threshold Ratio 5V < Vs<16V; ID.VGND Is 0.1Vs 0.65 0.75 0.85 
(note 1) I D. VsAT Is 0.1VsAT 

lac Quiescent Current EN = HIGH (tENH ~20J.IS) 20 40 J.IA 
Vs = 5 to 16V; T = -40 to 85°C 

los Quiescent Current all contact open 10 J.IA 
las Quiescent Current all contact closed 35 J.IA 

:EI1N (2) Quiescent Current ID.VsArls 0.1VsAT 25 J.IA 

lac Quiescent Current EN= LOW 5 rnA 

las Quiescent Current EN=LOW .8 mA 

Ide Delay Time/Output (EN LOW to Cours 50pF 15+ J.IS 
Output Data Ready) (note 3) 3RIN*CIN 

tdTS Delay Time/Tristate (EN HIGH CourS 50pF 10 J.IS 
to Output Tristate) (note 3) 

ldiO Delay T1me Input-Output (note 3) EN = LOW; Cour = 50pF 6 ms 

NOTES: 

1) The input res1stor threshold value IS a resistor value from the IN-pin to ground at which the corresponding output changes 1ts status (f1g 4) 

2) I:I1N is the sum of the INS to INS Input currents 

3) The delay times are defined from the crossing po1nt of 50% in1t1at1ng s1gnal amplitude to the cross~ng pomt of 50% output Signal amplitude 

3/5 -------------- L.,, ~~~~m~::oo~l: --------------
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Figure 1: Typical application diagram for the L9705 circuit. The current flowing in the arrow direction is 
assumed positive. The external capacitors C1N and GouT represent the total wiring 
ca acitance at the corres ondin ins. 

RIN1 IN 1 

1EN1to4 

UBAT 

~B~~R=lN~8~IN~8~1-f--r-, 
11 INS 

UINB 

IR1 .. 1RB RR 

I R 1 to 4 

01 

lJcc I c 

OUT1 

1 IOUT1 · 

UOUT 1 I COUT 1 

OUTS 

1 IOUTB · 

UOUT8 :! COUTS 

GND 
IEN 5 to 8 lR 5 to 8 

FUNCTIONAL DESCRIPTION 
The L9705 circuit monitors the status of the con
tacts which are connected through the series ex
ternal resistors R1N to the contact sense input 

t192L9?e5-B2 

pins. The contacts equivalent circuit is supposed 
to be as shown in fig.2 for GND connected con
tacts (IN 1 to 4) and as shown in fig. 3 for VsAT 
connected contacts (IN 5 to 8). 

Figure 2: The contact sense input connection with the contact equivalent circuit for GND connected 
contacts. 

RCON 

188 

5 

RCOFF ; 

19K 

1K IN1 to 4 

RIN 

OUT1 to 4 

rOUT 

Figure 3: The contact sense input connection with the contact equivalent circuit for VsAT connected 
contacts. 

RCON ~ViJAT 
1BB RCOFF. 

28K 
RIN 

l UOUT 1 K I N5 to 8 

t132L9?BS-B4 
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The L9705 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external 
input series resistor of A1N1-s = 1 KQ. With this 
input resistor the contact current, when the con
tact is closed and the device activated (EN 
=LOW) is: 

Vs-2V 
liN = ----:o<Q ,for GND contacts, (1) 

L9705 

VsAT + t:.. VsAT- 2V 
liN = 1 KQ , for VsAT contacts, (2) 

For this calculation the limit value of the Vs to V1N 
and V1N saturation voltage of 2V was considered 
so that the lowest limit value of liN is calculated in 
(1) and (2) 

Figure 4: The output voltage as a function of the input resistance at the corresponding sense input. 

UOUT' I I 
11!J2L9?B5-B5 _R_l_ 

For GND contacts RI <t.BK: 4K 

for UBAT contacts RI <1 BK· 4.8K 

5.3K 28K <RI 

6.5K 29K <RI 

The function of the circuit can be demonstrated 
with the transfer characteristics, showing the out
put status as a function of the input resistor A1, 
shown in figure 4. The input resistor is a sum of 
the A1N and the contact resistance AcoN or 
AcoFF, for the closed contact: 

A1 = A1N + AcoN, (3) 
and for the open contact: 

A1 = A1N + AcoFF, (4) 
The output goes HIGH when the input resistance 
increases above 5.3KQ (GND contacts) or 6.5KQ 
(VsAT contacts) and goes LOW, when the input 
resistance decreases below 4KQ (GND contacts) 
or 4.8KQ (VBAT contacts); these values are typical 
values for the switching thresholds. The limit 
values of A1 = 1.8KQ (GND contacts) and A1 = 
1.8KQ (VsAT contacts) for LOW and A1 = 20KQ 
(GND contacts) and 29KQ (VBAT contacts) for 
HIGH implies that a contact with AcoN = 1 OOQ ( at 
liN = 1 OmA) will be recognized as ON = LOW and 
a contact with AcoFF = 19KQ (GND contacts) or 
28KQ (VBAT contact) will be recognized as OFF = 
HIGH. 

RIL RIH 

These limits are valid within the supply voltage 
range 6V ~ Vs ~ 16V, the ground potential dif
ference of t:.. VGND = 0.1 Vs, the battery voltage 
potential difference of t:.. VsAT ~ 0.1 VsAT and the 
variation of the reverse battery protection diode 
01 voltage from 0.5V to 1 V. 

The internal clamping diodes at the contact moni
toring inputs together with the external contacts 
series resistors A1N allows to withstand the tran
sients at the contact connection.The contact 
series resistor A1N limits the input current at the 
transient. 
The dynamic behaviour of the circuit is defined 
with the times !do and ldTs. When the contact is 
open, the input capacitor C1N must be charged 
through the resistor A1N. In this case the total 
delay time tdo may be influenced also with the 
time constant A1NC1N. 
The delay time ldTS, when disabling the device, is 
defined only with the internal circuitry. In both 
cases, output external capacitance less than 
50pF is assumed, the internal output capacitance 
of the tristate buffers are less than 5pF. 

5/5 -------------- ~....,/ ~~~~m~m:ill~i:~ --------------
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• OPERATING SUPPLY VOLTAGE RANGE 
6 TO 45V 

• SA SHORT CIRCUIT CURRENT 
• RoN LESS THAN 400mQ 
• 11P COMPATIBLE INPUT WITH THRESHOLD 

HYSTERESIS 
• DC AND PWM OPERATION 
• HIGH PERFORMANCE DIAGNOSTIC FUNC

TION 
• SHORT CIRCUIT AND THERMAL OVER

LOAD PROTECTIONS 
• GROUNDED CASE 
• ENABLE INPUT FOR STANDBY MODE 

DESCRIPTION 
The L9811 is a monolithic integrated circuit real
ized in Multipower BCD Technology. It is an intel
ligent high side driver designed especially for in-

BLOCK DIAGRAM 

• +US 

L9811 

HIGH SIDE DRIVER CIRCUIT 
ADVANCE DATA 

MUL TIPOWER BCD TECHNOLOGY 

Heptawatt 

ORDERING NUMBER: L9811 

ductive or resistive loads. It features all functions 
necessary for automotive enviroment including 
high performance diagnostic. 

UBAT ............................... : ::c 

IEN 
E' 

UEN! : 

~: 

IN' 

:OUT lOUT 

L 

IQ : 

~ ....................................................... . max 
lBU 

R 

85 

lf91L9811-82 
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L9811 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vsoc De Supply Voltage -0.3 to 45 v 
Vs- Vo Supply to Output Voltage 60 v 
Vr,VE Input and Enable Input Voltage -0.2 to 7 v 
Vss Boostrap Voltage 60 v 
Vo Output Voltage -18 to 45 v 
lo Output Current Internally Limited v 

VoF Diagnostic Output Voltage -0.2 to 32 v 
I oF Diagnostic Output Current 10 rnA 

TJso Thermal Shutdown Threshold min 150 oc 
TJSDH Thermal shutdown Hysteresis max35 oc 

PIN CONNECTION 

TAB CONNECTED TO PIN 4 119!L9Btt-B5 

THERMAL DATA 

Symbol Parameter Value Unit 

Rth -case Thermal Resistance Junction-case max 1.5 oc!W 

Rth -amb Thermal Resrstance Junction-ambient max 60 oc/W 

DIAGNOSTIC DECISION TABLE 

STATE ENABLE INPUT 
OUTPUT 

To FUNCTION DIAGNOSllC 
Vo lo 

H H L X <TJSD NORMAL "OFF" H 
OFF H H L X > TJSD * THERMAL OVERLOAD "OFF" L 

H H >VODTH * X <TJSD OUTPUT FAIU"OFF" L 

H L H >IOL <TJSD NORMAL"ON" L 

ON 
H L X X > TJSD * THERMAL OVERLOAD "ON" H 

H L <Vs-VoEXo* >lsc X EXTERNAL DROP DUE TO H 
OVERCURRENT 

H L X >IOL' X OPEN LOAD "ON" H 

H L <Vs-VoEXD * X <TJSD EXCESSIVE DROP "ON" H 

ST-BY L X X X X STANDBY MODE H 

(')Parameter causing Diagnostic= LOW 

2/4 -------------- ~,....,, ~~~;m~::~~co~ --------------
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L9811 

ELECTRICAL CHARACTERISTICS (Vs = 6 to 45V (1); Tamb = -40 to 15o°C; VEN = HIGH; unless otherwise 

specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

RoN ON Resistance Vc < O.SV; Tamb < 125°C 200 400 mn 

lsc Short Circuit Current Vsoc < 25V; VsPuLsE (Tp < 2ms) 2.5 5 7.5 A 

loL Open Load Detection Level Device ON @ 25°C 30 100 160 mA 

locc21 Output Current Vo = -18V 100 mA 

Ia OFF State Quiescent Current Vc > 2V; Vs = 32V; 4.5 10 mA 
Vc>2V; 7.5 12 mA 

Ia ON State Quiescent Current Vc < 0.8V; Vs= 32V; 4.5 10 mA 
Vc<0.8V; 10 16 mA 

VcL Input Low Level 0.8 v 
VcH Input High Level 2 v 

VcTH Input Threshold Hysteresis 50 100 mV 

lcN Input Current Vc = 0 to 5.5V 10 J.IA 

loFL Diagnostcc Output Leakage Tamb,;; 125°C; Vo = 6 to 32V; 10 J.IA 
Current Diagnostic output High 

VoFL Diagnostic Output Low loF< 2mA 0.4 v 
VoExo Excessive Dropout Voltage 1 1.5 2 v 

Detection Level 

VooTH Output Diagnostic Threshold Vc';;!.2V 4 6 v 
lAo Diagnostic Delay Time 10 J.!S 

loss Standby Mode Quiescent VEN < O.SV; T amb s 125°C; 
Current Vs=27V 400 J.IA 

Vs=13V 200 llA 
VENL Enable Level Low Standby Mode 0.8 v 
VENH Enable Level High 2 v 
VENTH Enable Threshold Hysteresis 50 100 mV 

IENH Enable Input Current High VEN = 2 to 5.5V; VEN < Vs -2 V 10 J.IA 
IENL Enable Input Current Low VEN = 0 to 0.8V; -1 1 11A 
IroN ON Rise Tcme (3) with Cs: Vs s 32V 

Vs>BV 4 !lS 
Vs> 10V 2 J.IS 
loFF> 0.3ms 6 J.IS 

ttOFF OFF Fall Time Vs=8to32V 2 us 

ldON ON Delay Time Vs=Bto32V 1 3 -~ 
ldOFF OFF Delay Time Vs=Bto32V 1 3 us 

ld Dill. Delay Time tdoN- !doFF VS=Bto32V 4 J.IS 

Notes: 

1) For Vs < 6V the device can SWitCh off. 

·2) An external recirculation path must be assured in PWM operation to avo1d excessive power diSSipation 

3) Measured w1th resistive load and I LOAD= 1 A from 10% to 90% of the output voltage amplitude w1th Ce = 33nF and after toFF < 1 Of!S 
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L9811 

APPLICATION DIAGRAM: DC Operation 

+US UBAT 

·······························:::I: 

IEN 

IN· 

:OUT IOUT 

IQ : 

~--······················································ BS 

n!ltL!IBf1•83 StU 01 
UFB1 

APPLICATION DIAGRAM: PWM Operation 

max 
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+US UBAT 
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.................................. : :I: 
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• OPERATING SUPPLY VOLTAGE RANGE 6 
T045V 

• TYPICAL OUTPUT CURRENT 2.7A 
• RoN LESS THAN 400mQ 
• JlP COMPATIBLE INPUT WITH THRESHOLD 

HYSTERESIS 
• DC AND PWM OPERATION 
• HIGH PERFORMANCE DIAGNOSTIC FUNC

TION 
• SHORT CIRCUIT AND THERMAL OVER

LOAD PROTECTIONS 
• GROUNDED CASE 
• ENABLE INPUT FOR STANDBY MODE 

DESCRIPTION 
The L9812R is a monolithic integrated circuit real
ized in Multipower BCD technology. It is an intelli
gent high side driver designed expecially for in-

BLOCK DIAGRAM 

+US 

---------

L9812R 

HIGH SIDE DRIVER CIRCUIT 

HEPTAWATT 

ORDERING NUMBER: L9812R 

ductive or resistive loads. It features all functions 
necessary for automotive environment including 
high performance diagnostic. 

UBAT 

································: J: 

I 
IEN 

E· 
UEN! : 

.l: 
IN· 

IQ : 

~-············· 
85 

February 1992 

51U 
1191L9Bil ~82 

: OUT IOUT 

max 
18U 

L 

R 
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L9812R 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vsoc DC Supply Voltage 

Vs-Vo Supply to Output Voltage 

VI- VE Input and Enable Input Voltage 

Vss Bootstrap Voltage 

Vo Output Voltaqe 

Ia Output Current 

VoF Diagnostic Output Voltage 

I oF Diagnostic Output Current 

TJSD Thermal Shutdown Threshold 

TJSDH Thermal shutdown Hysteresis 

PIN CONNECTION 

____/ "--- ~ 

-$-
r- ~ 

TAB CONNECTED TO PIN 4 

THERMAL DATA 

Thermal Resistance Junction-case 

Thermal Resistance Junction-ambient 

DIAGNOSTIC DECISION TABLE 

STATE ENABLE INPUT 
OUTPUT 

To 
Vo lo 

H H L X <TJSD 
OFF H H L X > TJSD * 

H H >VODTH * X <TJSD 

H L H X <TJSD 

ON 
H L X X > TJSD * 

H L <Vs-VoEXo* >ISC X 

H L <Vs-VoEXo* X <TJSD 

ST-BY L X X X X 

(*)Parameter causing Diagnostic= LOW 

7 
6 

5 

4 

3 

2 

1 

Value 

-0.3 to 45 

60 

-0.2 to 7 

60 

-18 to 45 

internally lirnited 

> 

> 

> 

N91L9Btt-85 

-0.2 to 32 

10 

min 150 

max35 

> 

> 

> 

OUT 

DIAG 

IN 

GND 

EN 

BS 

Us 

max 1.5 

max60 

Unit 

v 
v 
v 
v 
v 
v 
v 

rnA 
oc 
oc 

FUNCTION DIAGNOSllC 

NORMAL "OFF" H 

THERMAL OVERLOAD "OFF" L 

OUTPUT FAIU"OFF" L 

NORMAL"ON" H 

THERMAL OVERLOAD "ON" H 

EXTERNAL DROP DUE TO H 
OVERCURRENT 

XCESSIVE DROP "ON" H 

STANDBY MODE H 

2/4 -------------- L.,, ~~~~m~r::~~~ --------------
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L9812R 

ELECTRICAL CHARACTERISTICS (Vs = 6 to 45V (1); Tj = -40 to 150°C; VEN = HIGH; unless otherwise 
specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

RoN ON Resistance V, < 0.8V; T < 125°C 200 400 mQ 

lsc Short Circuit Current Vsoc < 32V; VsPULSE (Tp < 2ms) 1 2.7 4 A 

loc(21 Output Current Vo=-18V 100 mA 

Ia OFF State Quiescent Current v, > 2V; Vs= 32V; 4.5 10 mA 
V1>2V; 7.5 12 mA 

Ia ON State Quiescent Current V, < 0.8V; Vs = 32V; 4.5 10 mA 
v, <0.8V; 10 16 mA 

v,L Input Low Level 0.8 v 

v,H Input High Level 2 v 

VITH Input Threshold Hysteresis 50 100 mV 

liN Input Current v, = Oto 5.5V 10 1-1A 

loFL Diagnostic Output Leakage T1 s 125°C; Vo = 7V; 10 flA 
Current Diagnostic output High 

VoFL Diagnostic OuiJJut Low loF< 2mA 0.4 v 

VoExo Excessive Dropout Voltage 1 1.5 2 v 
Detection Level 

VooTH Oulpul Diagnostic Threshold v,.,2v 4 6 v 

lAD Diagnostic Delay Time 10 flS 

lass Standby Mode Quiescent VEN < 0.8V; T1 s 125oC; Vs= 27V 400 1-1A 
Current Vs= 13V 200 1-lA 

VENL Enable Level Low Standby Mode 0.8 v 

VENH Enable Level High 2 v 

VENTH Enable Threshold Hysteresis 50 100 mV 

IENH Enable Input Current High VEN = 2 to 5.5V; VEN < Vs -2 10 uA 

IENL Enable Input Current Low VEN = 0 to 0.8V; -1 1 _flA 

IrON ON Rise Time (31 with Cs: Vs s 32V 
Vs>8V 4 flS 
Vs > 10V 2 flS 
loFF> 0.3ms 6 IJS 

tJOFF OFF Fall Time Vs= 8 to 32V 2 flS 

lctoN ON Delay Time Vs= 8 to 32V 1 3 flS 

tctOFF OFF Delay Time Vs= 8 to 32V 1 3 flS 

lct Dill. Delay Time lctoN -lctoFF VS = Bto 32V 4 J.IS 

Notes: 

1) For Vs < 6V the device can switch off 

2) An external remculatron path must be assured rn PWM operatron to avord excessive power diSSipation 

3) Measured with resistive load and ILoAo = 1 A from 1 0% to 90% of the output voltage amplitude With Cs = 33nF and after toFF < 1 O~s 

~ SCS·THOMSON ___________ 3_14 
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L9812R 

APPLICATION DIAGRAM: DC Operation 

+US UBAT 
.............................. :I: 

IEN 

IN" 

·OUT IDUT 

IQ • 
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APPLICATION DIAGRAM: PWM Operation 
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--- -------------------

• 25A PEAK OUTPUT CURRENT 
• RoN= 100mQ 
" DIAGNOSTIC AND PROTECTION 

FUNCTIONS 
• 1-1P COMPATIBLE 
• GROUNDED CASE 
• INRUSH CURRENT LIMITING CIRCUIT 

DESCRIPTION 

The L9821 High Side Driver realized with Multipo
wer - BCD mixed technology, drives resistive or in
ductive loads with one side connected to ground. 

The input control is TTL compatible and a diagnos
tic output provides an indication of load (open and 
short) and device status (thermal and overvoltage 
shutdown). On chip thermal protection and short cir
cuit protection are provided. 

BLOCK DIAGRAM 

L9821 

HIGH SIDE DRIVER 
ADVANCE DATA 

MUL TIPOWER BCD TECHNOLOGY 

Pentawatt 

ORDERING NUMBER · L9821 

The device is assembled in the Pentawatt package 
with the tab connected to the ground terminal. 

•Us 1 

OUT 

n8BL988l-85 

September 1990 1/5 

This is advanced mformation on a new product now 1n development or undergoing evaluation. Deta1ls are subject to change Without not1ce. 
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L9821 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Max Forward Voltage 
Positive Transient Peak Voltage (dump : ~~ fall time constant = 

100ms, 5ms ~ tnse ~ 10ms, Rsource ~ 0.50) 
- Resistive Load 
- Inductive Load 

Reverse Input Voltage 

VI Input Voltage Pin 2 (to GND) 
V4 Pin 4 Voltage (to GND) 

Vs Pin 5 Voltage (to GND) 

I, Pin 1 Current 
12 Pin 2 Current (forced) 
14 Pin 4 Current {sink) 
Is Pin 5 Current 

ProT Power Dissipation 
TJ, TsrG Junction and Storage Temperature Range 

THERMAL DATA 

Max 

PIN CONNECTION (top view) 

:---' 
5 > 

$ 
4 > 
3 

2 > 
1 

'-------, 

lf89L9821-B2 

215 

344 

Value 

50Vdc 

50V 
50V (*) 

- 0.3Vdc 

- 0.3V I+ V5 (Vs < 20V) 
- 0.3V I+ Vs (Vs < 20V) 
- 3V I + V s (V s < 20V) 

Internally Limited 
0.5mA 
10mA 

Internally Limited 

Internally Limited 
- 55°C to + 150°C 

1.5 

OUT 
DIAGN.OUT 
GND 
INPUT 
+Vs 



PIN FUNCTIONS 

1. POWER SUPPLY 

Supply voltage input. When the supply reaches the 
maximum operating voltage (32V) the device is tur
ned off, protecting itself and the load. 
Turning off guaranteed for Vs > 41 V. 

2.1NPUT 

TIL compatible input. High level on this pin means 
output current ON. The low level voltage switches off 
the charge pump, the power stage and the diagno
stic output reducing to the minimum value the quie
scent current. 

3. GROUND 

This pin must be connected to ground. 

4. DIAGNOSTIC FEEDBACK 
The diagnostic circuit is active in input high level 

L9821 

condition. This output detects with Tipically 45ms 
delay at Tamb = 25°C the following faults: 

_ Overvoltage condition. 

_ Thermal shutdown. 

_ Short circuit. The power stage current is internally 
limited at 25A. 

_ Open load. The open load condition is detected 
with load current < 0.6A. 

The diagnostic output is active low. The diagnostic 
delay time allows to avoid spurious diagnosys (i.e : 
turn ON overcurrent, overvoltage spikes etc.). 

5. POWER OUTPUT 

The device is provided with short circuit protection. 

ELECTRICAL CHARACTERISTICS (Vs = 14.4V; -40"C ~ Tj ~ 125"C, unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vop Operat. Voltage 6 32 v 

RoN On Resistance Input >2V:T1 = 25"C 0.1 Q 

Input >2V:Full T range 0.2 

lsc Short wcuit current 25 A 

loL Over Current Detection Level 20 A 

lopo Open Load Detection Level Dev1ce ON 1.2 A 

Vclamp Output Under Voltage Clamping l1oad <6A Inductive -12 -4 v 

loH Off State Supply Current T1 = -40 to 35"C 100 J.IA 
T = 35 to ss·c 300 J.iA 

ioN ON State Supply Current T = 25"C 10 mA 

v,L Input Low Level 0.8 v 
v,H Input High Level 2.0 v 

II Input Current V, = Vthreshold 15 J.iA 

iLEAKD Diagnostic Output Leakage vee= sv 10 J.IA 
Voltage Diagnostic Output 

VsATD Diagnostic Output SaturatiOn lsmk<1.6mA 0.4 v 
Voltage 

Tod Diagnostic Delay Time T = 25"C; 45 ms 

tdON Output ON Delay Time T = 25"C 15 J.IS 

t, Output ON Rise Time T = 25"C 65 J.IS 

ldOFF Output OFF Delay Time T = 25"C 50 J.IS 

It Output OFF Fall Time T = 25"C 100 J.IS 
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L9821 

FUNCTIONAL DESCRIPTION 

The L9821 is a high side drive monolithic switch, dri
ven by TTL, CMOS input logic, able to supply resi
stive or inductive loads up to 6A DC allowing a 
current peak of 25A with a Ros(ON) = 0.1. The elec
tronic switch, in addition to its main function, protects 
itself, the power network and the load against load 
dump (up to 60V) and overload and it detects short 
circuit, open load and overtemperature conditions. 
All these functions (logic control and power actua
tion) are possible on a single chip thanks to the new 
mixed ST Multipower BCD technology that allows to 
integrate isolated DMOS power transistors in com
bination with Bipolar and CMOS signal structures on 
the same chip. 

The high side drive connection (series switch bet
ween the load and the positive power source) is par
ticularly suited in automotive environment where the 
electrochemical corrosion withstanding has primary 
importance. For this connection the best solution is 
a Power MOS N-channel which requires for driving 
only a capacitive charge pump completely integra
ted on the switch chip. 

The L9821 is based on a power DMOS series ele
ment, a driving circuit with a charge pump, an input 
logic interface and on some protection and fault de
tection circuits. 

The power DMOS transistor has a Ros(ON) = 0.1 Q 

(typ. value@ TJ = 25'C, VGs = 1 OV). The low value 
of Ros(ON) is important both to increase the power 
transferred to the load and to minimize the power 
dissipated in the device. 

The charge pump is a capacitive voltage tripler star
ting from power supply (car battery), driven by a 
500kHz oscillator. 

The input interface is based on a circuitry solution 
able to guarantee the stability over temperature of 
the TTL logic levels and very low quiescent current 
in OFF condition. 

When the supply reaches the maximum operating 
voltage (32V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that VGs of 
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any MOS transistor could reach dangerous values 
even during 60V load dump transient. 

The inrush current limiting is a significant feature of 
the L9821. This function allows to protect the power 
supply network and may extend the life of the loads. 
For example, in the case of the lamps, the tungsten 
wire resistance value in cold condition is about one 
tenth of the nominal steady state and then the inrush 
current during the turn on is statistically one of the 
main causes of lamps failures. If the high current 
condition persists (e.g. load short circuit) and the 
junction temperature rises above 150'C, the thermal 
protection circuit turns off the device preventing any 
damage. The current limiting and the thermal shut
down are sufficient to protect the device against any 
overload because the power DMOS has not the sec
ond breakdown. 

When the L9821 is driven and one of the protec
tions (overtemperature, overvoltage, overload) is 
present, a fault detection open drain output turns 
on. This output is active also when hoad is lower 
than 0.6A detecting the open load (disconnected or 
burned out). The diagnostic output detects fault 
conditions with 25ms delay in order to avoid spu
rious diagnosys (i.e. : turn on overcurrent, overvol
tage spikes etc.). In OFF conditions the fault 
detection circuits are not active to allow a minimum 
quiescent current. 

The device can drive unipolar DC motors and sole
noids as well because it can recirculate an inductive 
current when the output voltage goes lower than 
Vclamp value (typically- 6.5V in respect to ground). 
The possibility to have a start up current is useful 
also for DC motors allowing the maximum starting 
torque. 

TYPICAL APPLICATION OF THE L9821 
The L9821 integrated high side driver can be used 
to replace an electromechanical relay. 

Inductive load (i.e. solenoids, motors) can be driven 
by the L9821. No external components are required 
for the coil current recirculation, because the device 
provides this function internally. 



L9821 

Figure 1. 
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L9822 

OCTAL SERIAL SOLENOID DRIVER 
ADVANCE DATA 

• EIGHT HIGH CURRENT OUTPUTS CAPABLE 
OF DRIVING UP TO 0.75A PER OUTPUT 

• 8 BIT SERIAL INPUT DATA 
• 8 BIT SERIAL DIAGNOSTIC OUTPUT FOR 

OVERLOAD AND OPEN CIRCUIT CONDI
TIONS 

• OUTPUT SHORT CIRCUIT PROTECTION 
• CHIP ENABLE SELECT FUNCTION (active low) 
• INTERNAL 34V CLAMPING FOR EACH OUT

PUT 
• CASCADABLE WITH ANOTHER OCTAL 

DRIVER 

DESCRIPTION 

Multiwatt15 

ORDERING NUMBER : L9822 

TheL9822 is an octal low side solenoid driver rea 
lized in Multipower-BCD technology particularly sui
ted for driving lamps, relays and solenoids in auto
motive environment. 

Data is transmitted serially to the device using the 
Serial Peripheral Interface (SPI) protocol. 

The L9822 features the outputs status monitoring 
function. 

BLOCK DIAGRAM 
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VOLTAGE 

November 1991 

Th1s IS advanced 1nformat1on on a new product now 1n development or undergo1ng evaluation Details are subject to change w1thout not1ce 

1/7 

~A.q 

I 



L9822 

PIN CONNECTION (top view) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee DC Logic Supply 

Vo Output Voltage 

l1 Input Transient Current 
(CE, Sl, SCLK, RESET, SO) : 
Duration Time I = 1 s, 
v, < 0 
v, >Vee 

lode Continous Output Current (for each output) 

T,, Tstg Junction and Storage Temperature Range 

THERMAL DATA 

2/7 
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Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

OUTPUT 4 

OUTPUT 5 

OUTPUT 6 

OUTPUT 7 

RESET 
SUPPLY UOL TAGE 

so 
GROUND 

SI 
SCLK 

CHIP ENABLE 

OUTPUT 9 

OUTPUT 1 

OUTPUT 2 

OUTPUT 3 

-0.7 

-0.7 

-25 

Value 

7 

32 

+ 25 

Int. Limited 

Max 
Max 

-55 

3 
35 

150 

Unit 

v 
v 

mA 
mA 

A 

c 



PIN DESCRIPTION 

Vee 
Logic supply voltage - nominally SV 

GROUND 

Device Ground. This ground applies forthe logic cir
cuits as well as the power output stages. 

RESET 

Asynchronous reset for the output stages, the par
allel latch and the shift register inside the L9822. 
This pin is active low and it must not be left floating. 
A power on clear function may be implemented con
necting this pin to Vee with an external resistor and 
to ground with an external capacitor. 

CE 

Chip Enable. Data is transferred from the shift reg
isters to the outputs on the rising edge of this signal. 
The falling edge of this signal sets the shift register 
with the output voltage sef1se bits coming from the 
output stages. The outputdriverforthe SO pin is en
abled when this pin is low. 

so 
Serial Output. This pin is the serial output from the 
shift register and it is tri-stated when CE is high. A 
high for a data bit ~m this pin indicates that the par-

L9822 

ticular output is high. A low on this pin for a data bit 
indicates that the output is low. 

Comparing the serial output bits with the previous 
serial input bits the external microcontroller imple
ments the diagnostic data supplied by the L9822. 

Sl 

Serial Input. This pin _is the serial data input. A high 
on this pin will program a particular outputto be OFF, 
while a low will turn it ON. 

SCLK 

Serial Clock. This pin clocks the shift register. New 
SO data will appear on every rising edge of this pin 
and new Sl data will be latched on every SCLK's fall
ing edge into the shift register. 

OUTPUTS 00-07 

Power output pins. The input and output bits corres
ponding to 07 are sent and received first via the SPI 
bus and 00 is the last. The outputs are provided with 
current limiting and voltage sense functions for fault 
indication and protection. The nominal load current 
for these outputs is 500mA, but the current limiting 
is set to a minimum of 1.2A. The outputs also have 
on board clamps set at about 32V for recirculation 
of inductive load current. 

ELECTRICAL CHARACTERISTICS (V cc = SV ± 5%. T1 =- 40 to 125°C; unless otherwise speciifed) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Voc Output Clamping Volt. lo = 0.5A, Output Programmed OFF 30 40 v 
Eoc Out. Clamping Energy lo = O.SA. When ON 20 mJ 

loteak Out. Leakage Current Vo = 24V, Output Progr. OFF 1000 1-!A 
Vsat Output Sat. Voltage Output Progr. ON 

lo = 0.5A 0.5 v 
lo = 0.75A 1.25 v 
lo = 1A 2.0 v 
With Fault Reset Dtsabled 

loL Out. Current Limit Output Progr. ON 1.0 A 

tPHL Turn-on Delay lo = 500mA 10 11S 
No Reactive Load 

tPLH Turn-off Delay lo =500mA 10 11S 
No Reactive Load 

VoREF Fault Refer. Voltage Output Progr. ON 1.60 2.40 v 
Fault detected if Vo > VoREF 

tuo Fault Reset Delay See ftg. 3 65 260 11S 
(after CE L to H 
transitton) 

VoFF Output OFF Voltage Output Progr. OFF, 1.0 v 
Output Pin Floating. 
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L9822 

ELECTRICAL CHARACTERISTICS (continued) 

INPUT BUFFER (SI, CE, SCLK and RESET pins) 

Symbol Parameter Test Conditions 

VT- Threshold Voltage at Vee= 5V ± 10% 
Falling Edge 

VT+ Threshold Voltage at Vee= 5V ± 10% 
Rising Edge 

VH Hysteresis Vollage VT+- VT-

l1 Input Current Vee= 5.25V, 0 < V1 <Vee 

c1 Input Capacitance 0 < V1 <Vee 

OUTPUT BUFFER (SO pin) 

Symbol Parameter Test Conditions 

VsoL Output LOW Voltage Ia = 1.6mA 

VsoH Output HIGH Voltage Ia = 0.8mA 

I sou Output Tristate Leakage 0 < Vo <Vee, CE Pin Held High, 
Current Vee= 5.25V 

Cso Output Capacitance 0 < Vo <Vee 
CE Pin Held High 

Icc Quiescent Supply T1 = 125°C 
Current at Vee Pin T1 = 25°C 

T1 =- 40°C 
All Outputs Progr. ON. 

SERIAL PERIPHERAL INTERFACE (see fig. 2, timing diagram) 

Symbol Parameter Test Conditions 

fop Operating Frequency 

I lead Enable Lead Time 

I lag Enable Lag Time 

lwseKH Clock HIGH Time 

lwSCKL Clock LOW Time 

lsu Data Setup Time 

IH Data Hold Time 

lEN Enable Time 

lo1s Disable Time 

tv Data Valid Time 

lrso Rise Time (SO output) Vee = 20 to 70% CL = 200pF 

It so Fall Time (SO output) Vee = 70 to 20% CL = 200pF 

Irs I Rise Time SPI Vee = 20 to 70% CL = 200pF 
Inputs (SCK, Sl, CE) 

Its I Fall Time SPI Vee = 70 to 20% CL = 200pF 
Inputs (SCLK, Sl, CE) 

lho Output Data Hold Time 
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Min. Typ. Max. Unit 

0.2Vee v 

0.8Vee v 

0.85 2.25 v 
-10 + 10 flA 

20 pF 

Min. Typ. Max. Unit 

0.4 v 
Vee v 

-1.3V 

-10 10 flA 

20 pF 

151 rnA 
200 mA 
250 mA 

Min. Typ. Max. Unit 

D.C. 500 KHz 

1000 ns 

1000 ns 

840 ns 

840 ns 

500 ns 

500 ns 

1000 ns 

1000 ns 

740 ns 

100 ns 

100 ns 

2.0 ~s 

2.0 ~s 

0 ~s 



FUNCTIONAL DESCRIPTION 

The L9822 is a low operating power device featu
ring, eight 0. 75A open collector drivers with transient 
protection circuits in output stages. Each channel is 
independently controlled by an output latch and a 
common RESET line which disables all eight outputs. 
The driver has low saturation and short circuit protec
tion and can drive inductive and resistive loads such 
as solenoids, lamps and relais. Data is transmitted to 
the device serially using the Serial Peripheral Inter
face (SPI) protocol. The circuit receives 8 bit serial 
data by means of the serial input (SI) which is stored 
in an internal register to control the output drivers. 
The serial output (SO) provides 8 bit of diagnostic 
data representing the voltage level at the driver out
put. This allows the microprocessor to diagnose the 
condition of the output drivers. 

The output saturation voltage is monitored by a 
comparator for an out of saturation condition and is 
able to unlatch the particular driver through the fault 
reset line. This circuit is also cascadable with an
other octal driver in order to jam 8 bit multiple data. 
The device is selected when the chip enable (CE) 
line is low. 

Additionally the (SO) is placed in a tri-state mode 
when the device is deselected. The negative edge 
of the (CE) transfers the voltage level of the drivers 
to the shift register and the positive edge of the (CE) 
latches the new data from the shift register to the 
drivers. WhenCE is Low, data bit contained into the 
shift register is transferred to SO output at every 
SCLK positive transition while data bit present at Sl 
input is latched into the shift register on every SCLK 
negative transition. 

INTERNAL BLOCKS DESCRIPTION 

The internal architecture of the device is based on 
the three internal major blocks :the octal shift reg
ister for talking to the SPI bus, the octal latch for hold
ing control bits written into the device and the octal 
load driver array. 

SHIFT REGISTER 

The shift register has both serial and parallel inputs 
and serial and parallel outputs. The serial input ac
cepts data from the SPI bus and the serial output 
simultaneously sends data into the SPI bus. The 
parallel outputs are latched into the parallel latch in
side the L9822 at the end of a data transfer. The par
allel inputs jam diagnostic data into the shift register 
at the beginning of a data transfer cycle. 

PARALLEL LATCH 

The parallel latch holds the input data from the shift 
register. This data then actuates the output stages. 

L9822 

Individual registers in the latch may be cleared by 
fault conditions in order to protect the overloaded 
output stages. The entire latch may also be cleared 
by the RESET signal. 

OUTPUT STAGES 

The output stages provide an active low drive signal 
suitable for 0.75A continuous loads. Each output 
has a current limit circuit which limits the maximum 
output current to at least 1.0A to allow for high inrush 
currents. Additionally, the outputs have internal 
zeners set to 35 volts to clamp inductive transients 
at turn-off. Each output also has a voltage compara
tor observing the output node. If the voltage exceeds 
1.6V on an ON output pin, a fault condition is as
sumed and the latch driving this particular stage is 
reset, turning the output OFF to protect it. The timing 
of this action is described below. These compara
tors also provide diagnostic feedback data to the 
shift register. Additionally, the comparators contain 
an internal pulldown current which will cause the cell 
to indicate a low output voltage if the output is pro
grammed OFF and the output pin is open circuited. 

TIMING DATA TRANSFER 

Figure #2 shows the overall timing diagram from a 
byte transfer to and from the L9822 using the SPI 
bus. 

CE High to Low Transition 

The action begins when the Chip Enable (CE) pin is 
pulled low. The tri-state Serial Output (SO) pin driver 
will be enabled entire time that CE is low. At the fall-
ing edge of the CE pin, the diagnostic data from the I 
voltage comparators in the output stages will be 
latched into the shift register. If a particular output is 
high, a logic one will be jammed into that bit in the 
shift register. If the output is low, a logic zero will be 
loaded there. The most significant bit (07) should be 
presented at the Serial Input (SI) pin. A zero at this 
pin will program an output ON, while a one will pro-
gram the output OFF. 

SCLK Transitions 

The Serial Clock (SCLK) pin should then be pulled 
high. At this point the diagnostic bit from the most 
significant output (07) will appear at the SO pin. A 
high here indicates that the 07 pin is higher than 
1.5V. The SCLK pin should then be toggled low then 
high. New SO data will appear following every rising 
edge of SCLK and new SJ data will be latched into 
the L9822 shift register on the falling edges. An un
limited amount of data may be shifted through the 
device shift register (into the Sl pin and out the SO 
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pin), allowing the other SPI devices to be cascaded 
in a daisy chain with the L9822. 

CE Low to High Transition 

Once the last data bit has been shifted into the 
L9822, the CE pin should be pulled high. 

At the rising edge of CE the shift register data is 
la~ched into the parallel latch and the output stages 
Will be actuated by the new data. An internal 135 
usee delay timer will also be started at this rising 
edge. During the 135 usee period, the outputs will 
be protected only by the analog current limiting cir
cuits since the resetting of the parallel latches by 
faults conditions will be inhibited during this period. 
This allows the part to overcome any high inrush cur
rents that may flow immediately after turn on. Once 
the delay period has elapsed, the output voltages 
are sensed by the comparators and any output with 
voltages higher than 1.6Vare latched OFF. It should 
be noted that the SCLK pin should be low at both 
transitions of the CE pin to avoid any false clocking 

Figure 1 : Byte Timing with Asynchronous Reset. 

RESET 

CE 

SCLK...;__;~__. 

SI 

so 

of the shift register. The SCLK input is gated by the 
CE pin, so that the SCLK pin is ignored whenever 
the CE pin is high. 

FAULT CONDITIONS CHECK 

Checking for fault conditions may be done in the fol
lowing way. Clock in a new control byte. Wait 260 
microseconds or so to allow the outputs to settle. 
Cloc.k in the same control byte and observe the diag
nostiC data that comes out of the device. The diag
nostic bits should be identical to the bits that were 
first clocked in. Any differences would point to a fault 
on that output. If the output was programmed ON by 
clocking in a zero, and a one came back as the di
agnostic bit for that output, the output pin was still 
high and a short circuit or overload condition exists. 
If the output was programmed OFF by clocking in a 
one, and a zero came back as the diagnostic bit for 
that output, nothing had pulled the output pin high 
and it must be floating, so an open circuit condition 
exists for that output. 

118 
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Figure 2 : Timing Diagram. 

Figure 3 : Typical Application Circuit. 
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L9822E 

OCTAL SERIAL SOLENOID DRIVER 

• EIGHT LOW Rosen DMOS OUTPUTS 
(H2 AT lo = 1A) 

• 8 BIT SERIAL INPUT DATA (SPI) 
• 8 BIT SERIAL DIAGNOSTIC OUTPUT FOR 

OVERLOAD AND OPEN CIRCUIT CONDITIONS 
• OUTPUT SHORT CIRCUIT PROTECTION 
• CHIP ENABLE SELECT FUNCTION (active low) 
• INTERNAL 36V CLAMPING FOR EACH OUT

PUT 
• CASCADABLE WITH ANOTHER OCTAL 

DRIVER 
• LOW QUIESCENT CURRENT (1 OmA MAX.) 
" PACKAGE MULTIWATT15 

DESCRIPTION 

TheL9822E is an octal low side solenoid driver 
realized in Multipower-BCD technology particularly 
su1ted for driving lamps, relays and solenoids in au-

BLOCK DIAGRAM 

PRODUCT PREVIEW 

MUL TIPOWER BCD TECHNOLOGY 

Multiwatt15 

to motive environment. Thanks to the DMOS outputs 
L9822E has a very low power consumption. 

Data is transmitted serially to the device using the 
Serial Peripheral Interface (SPI) protocol. 

The L9822E features the outputs status monitoring 
function. 

RESETQ-----------~~~==~~==~----~ 
188us DELAY 

CE 

so 

51 

November 1992 

BBIT 
SHIFT 

REGISTER 

OUTPUT 

CLOCK FAULT RESET 
DISABLE 

BBIT 
PARALLEL 

LATCH 

INPUT 

FAULT 
PARALLEL 1---+-1-+-+_._---------l 

I NPU TS 1---H:-+-..!...-----------1 I NO I CRTORS 

SERIAL 
INPUT 

FAULT INDICATOR 

OUTPUT B 
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PIN CONNECTION (top view) 

,-----,lf==='\._'-"7s 

__cb_ 14 v 13 
12 
11 

18 

9 
8 
7 

6 

5 
4 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee DC Log1c Supply 

Vo Output Voltag_e 

l1 Input Transient Current 
(CE, Sl, SCLK, RESET, SO) : 
Duration Time I= 1s, 
VI< 0 
V1 >Vee 

lode Contmous Output Current (for each output) 

T, Tsto Junction and Storage Temperature Range 

THERMAL DATA 

Symbol Parametar 

Rth -case Thermal Resistance Junction-Case 

Rth -amb Thermal Resistance Junction-Ambient 
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OUT 4 
OUT 5 
OUT 6 

OUT 7 
RESET 

UOO 
so 
GNO 
SI 
SCLK 
CE 
OUT B 
OUT 1 
OUT 2 
OUT 3 

N!12L!1822£·82 

-0.7 

-0.7 

-25 

Value 

7 

40 

+ 25 

Int. Limited 

-40 150 

I Value 

Max. I 2 

Max. 

Unit 

v 
v 

mA 
rnA 

A 
oc 

Unit 
oc;w 
oc;w 



PIN DESCRIPTION 

Vee 

Logic supply voltage - nominally 5V 

GROUND 

Device Ground. This ground applies for the logic cir
cuits as well as the power output stages. 

RESET 

Asynchronous reset for the output stages, the paral
lel latch and the shift register inside the L9822E. This 
pin is active low and it must not be left floating. A po
wer on clear function may be implemented connec
ting this pin to Vee with an external resistor and to 
ground with an external capacitor. 

CE 

Chip Enable. Data is transferred from the shift regi
sters to the outputs on the rising edge of this signal. 
The falling edge of this signal sets the shift register 
with the output voltage sense bits coming from the 
output stages. The output driver for the SO pin is 
enabled when this pin is low. 

so 
Serial Output. This pin is the serial output from the 
shift register and it is tri-stated when CE is high. A 
high for a data bit on this pin indicates that the par-

L9822E 

ticular output is high. A low on this pin for a data bit 
indicates that the output is low. 

Comparing the serial output bits with the previous 
serial input bits the external microcontroller imple
ments the diagnostic data supplied by the L9822. 

Sl 

Serial Input. This pin is the serial data input. A high 
on this pin will program a particularoutputto be OFF, 
while a low will turn it ON. 

SCLK 

Serial Clock. This pin clocks the shift register. New 
SO data will appear on every rising edge of this pin 
and new Sl data will be latched on every SCLK's fal
ling edge into the shift register. 

OUTPUTS 00-07 

Power output pins. The input and output bits corres
ponding to 07 are sent and received first via the SPI 
bus and 00 is the last. The outputs are provided with 
current limiting and voltage sense functions for fault 
indication and protection. The nominal load current 
for these outputs is 500mA, but the current limiting 
is set to a minimum of 1.05A. The outputs also have 
on board clamps set at about 36V for recirculation 
of inductive load current. 

ELECTRICAL CHARACTERISTICS (Vee= 5V ± 5%. T1 =- 40 to 125°C ; unless otherwise speciifed) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Voc Output Clamping Volt. lei = 0.5A, Output Programmed OFF 30 40 v 
Eoc Out. Clamoina Energy lo - 0.5A, When ON 20 mJ 

loleak Out. Leakage Current Vo - 24V, Outout Progr. OFF 1 mA 

Roson On Res1stance Output Progr. ON 
Ia = 0.5A 1 Q 

Ia = 0.8A 1 Q 

Ia = 1A 1 Q 

With Fault Reset D1sabled 

loL Out. Self Limiting Output Progr. ON 1.05 A 
Current 

tPHL Turn-on Delay Ia = 500mA 10 JlS 
No Reactive Load 

tp Turn-off Delay lo = 500mA 10 JlS 
No Reactive Load 

VoREF Fault Refer. Voltage Output Progr. ON 1.6 2 v 
Fault detected if Vo > VoREF 

tuo Fault Reset Delay See fig. 3 75 250 JlS 
(after CE L to H 
trans1t1on) 

VoFF Output OFF Voltage Output Pin Floating.cOutput Progr. OFF, 1.0 v 
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L9822E 

ELECTRICAL CHARACTERISTICS (Continued) 

I Symbol I Parameter Test Conditions 

INPUT BUFFER (SI, CE, SCLK and RESET pins) 

VT- Threshold Voltage at Vee= 5V± 10% 
Falling Edge 
SCLKonly 

VT. Threshold Voltage at Vee= 5V± 10% 
Rising Edge 
SCLK only 

VH Hysteresis Voltage VT+- VT-

h Input Current Vee= 5.50V, 0 < Vt <Vee 

Ct Input Capacitance o < Vt <Vee 

OUTPUT BUFFER (SO pin) 

VsoL Output LOW Voltage lo = 1.6mA 

VsoH Output HIGH Voltage lo = 0.8mA 

I sou Output Tnstate Leakage 0 < Vo <Vee, CE Ptn Held High, 
Current Vee= 5.25V 

Cso Output Capacitance 0 < Vo <Vee 
CE Pin Held High 

Icc Quiescent Supply All Outputs Progr. ON. lo = 0.5A 
Current at Vee Pin per Output Simultaneously 

SERIAL PERIPHERAL INTERFACE (see fig. 2, timing diagram) 

I= 
ttead 

ltao 

lwSCKH 

lwSCKL 

lsu 

IH 

lEN 

lots 

tv 

trso 

ttso 
lrst 

ttst 

lho 

417 

360 

Operatinq Frequency 

Enable Lead Time 

Enable Lag Time 

Clock HIGH Time 

Clock LOW Time 

Data Setup Time 

Data Hold Ttme 

Enable Time 

Disable Time 

Data Valid Time 

Rtse Ttme (SO output) 

Fall Time (SO output) 

Rise Ttme SPI 
Inputs (SCK, Sf, CE) 

Fall Time SPI 
Inputs (SCLK, Sf, CE) 

Output Data Hold Ttme 

Vee = 20 to 70% CL = 200pF 

Vee = 70 to 20% CL = 200pF 

Vee = 20 to 70% CL = 200pF 

Vee = 70 to 20% CL = 200pF 

r== SliS·THOMSON 
A.""Jlli\lo~:lll©IOI!.rn©'irlll©liilDI!:iil 

Min. Typ. Max. Unit 

0.2Vcc v 

0.6 v 
0.7Vcc v 

4.15 v 
0.85 2.5 v 
-10 + 10 11A 

20 nF 

0.4 v 
Vee v 

-1.3V 

-20 20 11A 

20 pF 

10 mA 

D.C. 2 MHz 

250 ns 

250 ns 

200 ns 

200 ns 

75 ns 

75 ns 

250 ns 

250 ns 

100 ns 

50 ns 

50 ns 

200 ns 

200 ns 

0 f!S 



FUNCTIONAL DESCRIPTION 

The L9822E DMOS output is a low operating power 
device featu-ring, eight 1 Q RosoN DMOS drivers 
with transient protection circuits in output stages. 
Each channel is independently controlled by an out
put latch and a common RESET line which disables 
all eight outputs. The driver has low saturation and 
short circuit protection and can drive inductive and re
sistive loads such as solenoids, lamps and relais. 
Data is transmitted to the device serially using theSe
rial Peripheral Interface (SPI) protocol. The circuit re
ceives 8 bit serial data by means of the serial input 
(SI) which is stored in an internal register to control 
the output drivers. The serial output (SO) provides 8 
bit of diagnostic data representing the voltage level 
at the driver output. This allows the microprocessor 
to diagnose the condition of the output drivers. 

The output saturation voltage is monitored by a 
comparator for an out of saturation condition and is 
able to unlatch the particular driver through the fault 
reset line. This circuit is also cascadable with ano
ther octal driver in order to jam 8 bit multiple data. 
The device is selected when the chip enable (CE) 
line is low. 

Additionally the (SO) is placed in a tri-state mode 
when the device is deselected. The negative edge 
of the (CE) transfers the voltage level of the drivers 
to the shift register and the positive edge of the (CE) 
latches the new data from the shift register to the dri
vers. When CE is Low, data bit contained into the 
shift register is transferred to SO output at every 
SCLK positive transition while data bit present at Sl 
input is latched into the shift register on every SCLK 
negative transition. 

Internal Blocks Description 

The internal architecture of the device is based on 
the three internal major blocks : the octal shift regi
ster for talking to the SPI bus, the octal latch for hol
ding control bits written into the device and the octal 
load driver array. 

Shift Register 

The shift register has both serial and parallel inputs 
and serial and parallel outputs. The serial input ac
cepts data from the SPI bus and the serial output si
multaneously sends data into the SPI bus. The 
parallel outputs are latched into the parallel latch in
side the L9822E at the end of a data transfer. The 
parallel inputs jam diagnostic data into the shift re
gister at the beginning of a data transfer cycle. 

Parallel Latch 

The parallel latch holds the input data from the shift 
register. This data then actuates the output stages. 

L9822E 

Individual registers in the latch may be cleared by 
fault conditions in order to protect the overloaded 
output stages. The entire latch may also be cleared 
by the RESET signal. 

Output Stages 

The output stages provide an active low drive signal 
suitable for 0.75A continuous loads. Each output 
has a current limit circuit which limits the maximum 
output current to at least 1.05A to allow for high in
rush currents. Additionally, the outputs have internal 
zeners set to 36 volts to clamp inductive transients 
at turn-off. Each output also has a voltage compa
rator observing the output node. If the voltage exce
eds 1.8V on an ON output pin, a fault condition is 
assumed and the latch driving this particular stage 
is reset, turning the output OFF to protect it. The ti
ming of this action is described below. These com
parators also provide diagnostic feedback data to 
the shift register. Additionally, the comparators con
tain an internal pulldown current which will cause the 
cell to indicate a low output voltage if the output is 
programmed OFF and the output pin is open circui
ted. 

TIMING DATA TRANSFER 

Figure #2 shows the overall timing diagram from a 
byte transfer to and from the L9822E using the SPI 
bus. 

CE High to Low Transition 

The action begins when the Chip Enable (CE) pin is 
pulled low. The tri-state Serial Output (SO) pin driver I 
will be enabled entire time that CE is low. At the fal-
ling edge of the CE pin, the diagnostic data from the 
voltage comparators in the output stages will be lat-
ched into the shift register. If a particular output is 
high, a logic one will be jammed into that bit in the 
shift register. If the output is low, a logic zero will be 
loaded there. The most significant bit (07) should be 
presented at the Serial Input (SI) pin. A zero at this 
pin will program an output ON, while a one will pro-
gram the output OFF. 

SCLK Transitions 

The Serial Clock (SCLK) pin should then be pulled 
high. At this point the diagnostic bit from the most si
gnificant output (07) will appear at the SO pin. A high 
here indicates that the 07 pin is higher than 1.8V. 
The SCLK pin should then be toggled low then high. 
New SO data will appear following every rising edge 
of SCLK and new Sl data will be latched into the 
L9822E shift register on the falling edges. An unli
mited amount of data may be shifted through the de-
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vice shift register (into the Sl pin and out the SO pin), 
allowing the other SPI devices to be cascaded in a 
daisy chain with the L9822E. 

CE Low to High Transition 

Once the last data bit has been shifted into the 
L9822E, the CE pin should be pulled high. 

At the rising edge of CE the shift register data is lat
ched into the parallel latch and the output stages will 
be actuated by the new data. An intemal160f.lS de
lay timer will also be started at this rising edge (see 
tuo). During the 160f.lS period, the outputs will be 
protected only by the analog current limiting circuits 
since the resetting of the parallel latches by faults 
conditions will be inhibited during this period. This al
lows the part to overcome any high inrush currents 
that may flow immediately after turn on. Once the 
delay period has elapsed, the output voltages are 
sensed by the comparators and any output with vol
tages higher than 1.8Vare latched OFF. It should be 
noted that the SCLK pin should be low at both tran
sitions of the CE pin to avoid any false clocking of 

Figure 1 : Byte Timing with Asynchronous Reset. 

the shift register. The SCLK input is gated by the CE 
pin, so that the SCLK pin is ignored whenever the 
CE pin is high. 

FAULT CONDITIONS CHECK 

Checking for fault conditions may be done in the fol
lowing way. Clock in a new control byte. Wait 160 
microseconds or so to allow the outputs to settle. 
Clock in the same control byte and observe the diag
nostic data that comes out of the device. The diag
nostic bits should be identical to the bits that were 
first clocked in. Any differences would point to a fault 
on th~t output. If the output was programmed ON by 
clock1ng 1n a zero, and a one came back as the dia
gnostic bit for that output, the output pin was still high 
and a short circuit or overload condition exists. If the 
output was programmed OFF by clocking in a one, 
and a zero came back as the diagnostic bit for that 
output, nothing had pulled the output pin high and it 
must be floating, so an open circuit condition exists 
for that output. 

RESE~T~------------------------------------------------, 

CE 

S C L;.;.K_;_ __ _J 

SI 

so 
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Figure 2 : Timing Diagram. 

Figure 3 : Typical Application Circuit. 
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• HIGH EFFICIENCY DUE TO PWM CONTROL 
AND POWER DMOS DRIVER 

• LOAD CONNECTED TO GROUND 
• CURRENT LIMITATION 
• OVER AND UNDERVOL TAGE PROTECTION 
• ON CHIP THERMAL PROTECTION 
• LIMITED AND PROGRAMMABLE OUTPUT 

VOLTAGE SLEW RATE 
• OPEN GROUND PROTECTION 
• VERY LOW STANDBY POWER CONSUMP

TION 
• LOAD DUMP PROTECTION 
• MINIMIZED ELECTROMAGNETIC INTER

FERENCE 
• WIDE CHOICE IN PWM FREQUENCY 

RANGE 
• LOAD POWER LIMITATION 

BLOCK DIAGRAM 

L9830 

MONOLITHIC LAMP DIMMER 

MUL TIPOWER BCD TECHNOLOGY 

Heptawatt 
ORDERING NUMBER: L9830 

DESCRIPTION 

The L9830 high side driver is a monolithic inte
grated circuit realized with Multipower BCD mixed 
technology to drive resistive loads in PWM mode 
with one side connected to ground. 

Us 

OUER 1!. 

November 1992 

UNDERUOLTAGE 
PROTECTION 

OPEN GND 
PROTECTION 

GND 

Be 

n!ltL!IB~B-Bt 
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L9830 

PIN CONNECTION (Top view) 

7 OUT 
6 IN 
5 PRO 
4 GNO 
3 osc 
2 BS 

1 us , 
TAB CONNECTED TO PIN 4 GND "91L993B-85 

PIN FUNCTION 

PIN NAME DESCRIPTION 

1 Vs Common suppy connection also Drain of the power DMOS. 

2 BS A capacitor connected between this pin and the Source of the power DMOS pin Out 
gives the possibility to bootstrap the gate driving voltage of the power DMOS. 

3 osc A capacitance CT connected between GND and th1s term1nal determines the PWM 
SWitching frequenc;y. 

4 GND Common ground connection. 

5 PRO A resistor connected between this pin and GND provide the possibility to programming 
the output voltage slew rate, the PWM oscillator frequency and the short current value. 

6 IN Analog input for controlling the PWM ratio, related to Vs. 

7 OUT Source connection of the internal power DMOS. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage 60 v 
Vos Dram Source Voltage 60 v 
V,N Input Voltage -0.3V up to Vs +0.3V 

Is Supply Current ±0.2 A 

loR Output Reverse Current -2 A 

Ptot Power Dissipation at T case :<:: 75°C 37.5 w 
Tamb Operating Ambient Temperature Range -40to +85 oc 

T Operating Junction Temperature Range -40 to 150 oc 
Tsto Storage Temperature -65to 150 oc 

THERMAL DATA 

Descri tion 

Thermal Resistance Junction-case 

2/6 _____________ ,.,, ~~~~m~~:oo~~ -------------
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ELECTRICAL CHARACTERISTICS (6V s Vs s 16V; -40"C s Tamb s 85°C, unless otherwise specified) 

Sy_mbol Parameter 

lqa Operating Quiescent Current 

Vs- 0.7V 
lqa = 11.3 __ R_p_ + 0.67mA 

lqs Standby Current 

VINSB Input Standby H1gh Threshold 
V1NIVs 

VINSBhvs Input Standby Hysteresis 

VINH Input High Threshold 

liN Input Current 

VSL Low Supply Voltage Disable 
High Threshold 

VSLhys Low Supply Voltage Disable 
Hysteresis 

VSLPL Load Power Limitation Start 
Supply Voltage 

VSH H1gh Supply Voltage Disable 
High Threshold 

VSHhys High Supply Voltage Disable 
Hysteresis 

VSLO Load Dump Supply Voltage 
Threshold 

lcLD Load Dump Clamping Current 

TsT Thermal Shutdown Temperature 

TsThys Thermal Shutdown Temperature 
Hysteresis 

KT. Internal PWM Frequency 
Constant (without RP) 

KTe External PWM Frequency 
Constant 

los I Internal Short Current L1m1ta110n 
(without Rp) (4) 

lose External Programmable Short 
Current Limit 
(30KQ < Rp < SOOKQ) (3) 

Ros Static Dra1n Source on 
Resistance 

S, Internal F1xed Output Voltage 
Slew Rate (without Rp) (1) 

Se External Programmable Output 
Voltage Slew Rate 
(30KQ ~ Rp ~ 500KQ) (2) 

Notes: 

(1)S, = VS 11.16 __!._- 726V/ms 
ms 

(2)S,=_& VS-065V1.47 10'....'{_ 
RP RL + o 3212 msA 

Test Condition Min. 

V1N = Vs 

RP __, = 
Rp= 30KQ 

V1N =O 0 
T ~ 100°C 

0.1 

-350 

fa X tan = 1 Vs ~ VSLPL 0.95VS 

-0.3 ~ V1N ~ Vs+0.3V 

5" 

-300 

V1N :2 VINH, fan · tan = 0.96 12 

16 

-350 

lq =SOmA 45 

VS = 60V 100 

150 

-50 

fa= KTICT 1000 

1 
fa= CTRP KTe 

0.220 

30KQ ~ Rp ~ 500KQ 

Vs = 12V 3 

Vs = 12V, Rp = 125KQ 5 

Vs:29V,Io=1A 

Vs = 12V; SQ < RL < 7Q 50 

Tamb < 25oC 50 

Vs = 12V, Rp = 125KQ 50 
RL=6Q 

Tamb < 25°C 50 

(3) lose = ( VS - 0 6V ) 64260 
Re 

(4) los = ( VS - 0.6V) 0 514 ~ 

Typ. Max. Unit 

2.4 6 rnA 
8.5 18 rnA 

200 600 !-!A 

0.15 0.2 

-190 -50 mV 

Vs+IJ.3V 

1 5 flA 

5.5 6 v 

-100 -50 mV 

13.0 14.5 v 

17.8 20 v 

-190 -50 mV 

52 55 v 

150 300 rnA 

175 200 oc 
-40 -30 oc 

2000 3000 Hznf 

0.250 0.350 

6 9 A 

6 10 A 

190 380 mQ 

120 230 V/ms 

120 250 V/ms 

120 200 V/ms 

120 250 V/ms 

1f RP 1s not present 1n appl1cat1on an mternal equivalent resistor can 
be Inserted 1n the calculation With a typ1cal value of Re = 125KQ 

------------ '=='= SGS·THOMSON ____________ 316 
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FUNCTIONAL DESCRIPTION 
To control the power of the load with a 
POWERMOS transistor in the switched mode, its 
gate must be driven with a PWM signal. The am
plitude of the gate driving pulse must guarantee 
that the Power DMOS transistor will be com
pletely saturated during the ON phase. To gener
ate the necessary gate driving voltage a charge 
pump circuit is required. With this circuit a gate 
voltage of 2 · (Vs- 1.5V) :s; VS + 16V typically will 
be obtained. 
The slope of the leading and trailing edge of the 
gate driving pulse is defined with an internal ca
pacitor. The important criteria for the dimension
ing of the output voltage slope are the electro
magnetic radiation and the power dissipation of 
the Power DMOS. The typical value of the output 
pulse slope is in the range of 120V/ms to fullfill 
automotive radiation requirements. 
The output pulse slope is directly related to the 
value of the supply voltage VS and in a wide 
range programmable through the programming 
resistance Rp. 

S ~ dVout ~ RL. dltoad ~ .&_ VS - 0 65V 1.4? 106 V 
dt dt Rp RL + 0 32Q Ams 

The value of the gate voltage slope due to the · 
POWERMOS parasitic capacitors must be in a re
lation to the charge pump performance. For fast 
gate voltage variation the bootstrap option can be 
used. The bootstrap capacitance should have a 

Figure 1: Transfer Characteristc 

PWM RATIO 

HH3% 

15% 

8.15 8.28 

relation greater than 50 to the DMOS parasitic ca
pacitors and should be in the range of 

Css ~ 100nF 
The switching frequency "fo" is defined with a 
triangle oscillator and it's programmed with the 
capacitor Cr, or Cr and Rp if a greater precision 
is required. 

to= Kr/Cr (without Rp) 

fo = 4C~Rp (with RPl 

The modulation factor of the PWM driving signal 
of the external Power DMOS transistor is defined 
with the voltage level at the analog input. Fig. 1 
shows the typical transfer curve giving the PWM 
factor as a function of the input/supply voltage 
ratio. 
For higher supply voltage values, the power limi
tation circuitry will linearly reduce the PWM ratio 
to achive a constant load power to extend the 
lamps life time. 
The input voltage is referred to the supply volt
age. The regulation of the PWM factor can be 
realized with a potentiometer connected to the 
supply voltage and the analog input, see the typi
cal application circuit diagram. 
The maximum load current in the short circuit con
dition is limited internally with a sense DMOS cell. 
The value of the short current is a multiple of the 
programming current flowing through Rp or the in-

UIN/US 
1.8 

1191.L9838-112 
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ternal fixed resistance. Threfore this short current 
value is supply voltage dependent to achieve in 
any condition the lamp required warm up current 
which will be normally two or three times higher. 

lose = VS- 0·6V · 64260 
Rp 

If the short current condition is detected the gate 
will be driven with a DC voltage which value is 
regulated to maintain the specified current. With 
this function the switch ON phase for each load 
will be speeded up. 
The circuit features also a protection which allows 
to withstand high overvoltage for a limited time 
(load dump in automotive application). Above the 
VSH threshold the gate driving of the 

for VSL ::; VS ::; VSLPL: 

L9830 

POWERMOS transistor is switched OFF and the 
gate is held at the GND potential. When the VsAT 
rises above the internal supply clamp voltage 
VSLD the clamping diode becomes active with a 
serial resistance of RLD and the gate voltage is 
floating with the GND potential. At this time the 
current flowing through the load is not limited. In 
this condition the load voltage can be calculated 
to 

VL = VS = VSLD- VSGs VGs << VSLD 
This device is protected against temperature de
struction through an internal power dissipation 
protection. The total power dissipation of the de
vice can be calculated with: 

2 ( Ros Ptot = VS · 
(Ros+ Rd 

+ _!g_ . ( 1 _ Ros Ros (1 + 2VS J 
S Ros + RL ) . ( 1 - Ros +RL ) . Ros + RL ) 

and for VSLPL::; VS::; VSH: 

p y2 Ros + VS2 fo . ( 1 _ RoN 2 ) 
tot = SLPL · ( Ros + RL ) S RoN + RL 

Figure 2: Total Power Dissipation Characteristic 

Pte t/W 

1.7 

1.6 
1.5 

1.4 
1.3 

1.2 
1.1 

1.8 
e.9 
8.8 

e.7 
8.6 
8.5 

8.4 
8.3 

5 6 7 8 9 18 11121314 15161718 19 28 
ff91L983B-B6 
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Figure 3: Application Circuit Diagram for Dashboard Dimming 

Us 

Bs 

Note: All node voltage are referred to ground pin GND. The currents flowing in the arrow direct1on are assumed positive. 

12U 

L 24W 

Figure 4: Application Circuit Diagram for Dashboard Dimming with Optimized Device Power Dissipation 

Rp 

25K 

22uF 
68U 

Us 

Note: All node voltage are referred to ground pin GND. The currents flowing in the arrow direction are assumed positive. 

12U 

l:24W 
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L9842 

OCTAL PARALLEL LOW SIDE DRIVER 

• OPERATING DC SUPPLY VOLTAGE-RANGE 
5VTO 25V 

• SUPPLY OVERVOL TAGE PULSE UP TO 40V 
• VERY LOW STANDBY QUIESCENT CUR

RENT 100f!A 
• EIGHT BIT PARALLEL STRUCTURE WITH ME

MORY FEATURE 
• BIDIRECTIONAL INPUTS-OUTPUTS 
• f!C COMPATIBLE INPUT LEVELS WITH THRE

SHOLD HYSTERESIS 
• INTERNAL 4.5V REFERENCE DEFINING THE 

OUTPUT HIGH LEVELS 
• EIGHT HIGH CURRENT OUTPUTS FOR DC 

CURRENTS UP TO 350mA WITH ON RESI
STANCE LESS THAN 3Q (typ. 1 ,5Q) 

• OUTPUT SHORT CIRCUIT PROTECTION 
WITH TIME DELAY CHARACTERISTICS FOR 
DRIVING LAMPS 

• THERMAL OVERLOAD PROTECTION 

BLOCK DIAGRAM 

ADVANCE DATA 

MUL TIPOWER BCD TECHNOLOGY 

~ 
~~tlll 

DIP-20 Plastic S0-20L 

ORDERING NUMBERS : L9842N (DIP-20) 
L9842ND (S0-20L) 

DESCRIPTION 
The L9842 is an octal parallel input power interface 
circuit in the Multipower BCD technology with bidi
rectional inputs and outputs and the output status 
monitoring. 

:-(:"f-it"---------------------------------------------------------. 

TM U REF RM 

DB 

EN 

TR 

October 1992 

TM 

RM 
PROTECT. 

fi88L5842·81C 

UOLTAGE 
REFERENCE 

DUTB 

GND 

Th1s 1s advanced 1nformat1on on a new product now 1n development or undergoing evaluation. Details are subject to change without not1ce 
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PIN CONNECTION (top view) 

OUT1 OUTS 

OUT2 OUT7 

01 08 

02 07 

EN Us 

TR 06 

03 05 

04 OUT6 

OUT3 OUT5 

OUT4 GNO 

"BBL9B42-B6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage 40 v 
VouT Output Voltage Int. Clamped to Vs 

dVouTidt Output Voltage Transient 100 Vl!lS 

loUT DC DC Output Current ±350 mA 

louTP (') Peak Output Current (T/tp e: 100, tp = 4ms) ±2 A 

Is DC Current at Vs -1.5 A 

Vo IN Input Voltage -0.3 to 7 ('') v 
VEN Enable Input Voltage -0.3 to 7 (") v 
VTR Transfer Input Voltage -0.3 to 7 (") v 
Tl Operating Junction Temperature -40to150 oc 

Tstg Storage Temperature -65 to 150 oc 
Pmax Power Dissipation (Tamb = 80°C) DIP-20 875 mW 

S0-20 420 mW 

(') Schaffner pulses type 1 and 2 
(ri) For Vs < 6 7V the dev1ce can be supplied through the 1ntemal ESD d1odes from 1nputs to Vs 

THERMAL DATA 

Symbol Parameter DIP20 S020 

Rth j-amb Thermal Resistance Junction-ambient Max. 80°C/W 165°C/W 

T1 MAX Maximum Junction Temperature 150°C/W 150°C/W 

2/8 
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ELECTRICAL CHARACTERISTICS (5V ~ Vs ~ 25V (40V@ t < 400ms), - 40°C ~ T1 ~ 125°C unless other
wise specified) 

Symbol Parameter Test Conditions 

VoiNL Input Voltage LOW VE = L, Vm = L 
VoiNH Input Voltage HIGH (input-mode) 1l 

VE = L, Vm = H 
(output-mode) 1) 

VoouTL Output Voltage LOW VE = L, VTR = H 
VoouTH Output Voltage HIGH (output-mode) 1l 

lo1N Input Current VE = L, VTR = L 
(Input-mode) 1l 

VENL Enable Voltage LOW 

VENH Enable Voltage HIGH 

VTRL Transfer Voltage LOW 

VmH Transfer Voltage HIGH 

IENTR Enable, Transfer Input Current 0 <VETA< 5V 

VEHY Enable Threshold Hysteresis 

VTHv Transfer Threshold Hysteresis 

RouT Output Resistance Out= L 
RouT-characteristic 0 < lour s 350mA 
See f1g. 2 Vs <:8V 

Vs = 6.5V 
Vs = 5.0V 

lsc Output Short Current 8VsVs=Vou1S25V 
loursc-characteristic TscH = 1.25ms 
See fig. 3 TscL = 20ms 

Vour Output Voltage Out= H 
lour = 0.35A (DC) 
lour = 1 A (pulsed) 

LIOUTL1 Output Leakage Current per Out = H, - 40 s T1 s 85°C 
Channel Vour = 16V 

GouT Output Capacitance Out= H, 
VouT = 5V 
Vour = 15V 

Ia Qwescent Current 5V::; Vs s 16V; loour = 0 
-40ST1 s85°C 

STANDBY MODE VE = H, VrR = H 
TRANSFER-, HOLD MODE Vm = L 
READ MODE VE = L, Vm = H 

Ia Quiescent Current Vs = 25V 
Vs = 40V @ t s 400ms 

lscoP Additional Short Circuit VEN = L, VDIN = L 
Operating Current Per Channel VrR = L, lour = lsc 

VoM Output Monitor Threshold 

TscH (2) Duration of High Short Current louT= lscH 
Limiting 

TscL (2) Duration of Low Short Current lour= lscL 
Limiting 

Note : 1. Va are bidirectional data 1nputs or outputs depending on the VE, Vm status. 

~ SGS·ntOMSON a..., I ll:IJOICiiil@lli!.Wil~©II!D©iil 

Min. Typ. Max. Unit 

0 1.0 v 

3.0 7.0 v 

0.4 v 
4.0 5.0 v 
-10 10 JlA 

0 1.0 v 
3.0 7.0 v 
0 1.0 v 

3.0 7.0 v 
-1 1 JlA 

50 mV 

50 mV 

1.5 3.0 Q 
25 Q 
1 KQ 

0.8 1.5 2.5 A 
0.36 0.65 1.5 A 

Vs + 0.5 Vs + 2 v 
Vs + 2.0 Vs + 4 v 

100 JlA 

60 90 120 pF 
30 60 90 pF 

100 JlA 
200 JlA 
400 JlA 

2 mA 
20 35 mA 

lo +500 JlA 

2.5 3.5 v 
1.25 2.5 3.75 ms 

20 40 60 ms 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

In ON ON-delay Time (5) See fig. 1 10 ms 

In OFF (3) OFF-delay Time (5) RL= 1KQ 10 !!S 

tsON ON-delay Time (6) 20 100 !!S 

Is OFF (3) OFF-delay Time {6) 20 40 !!S 

to ON Data ON - Delay Time (7) 2 10 !!S 

to OFF (3) Data OFF - Delay Time (7) 2 10 !!S 

toN"IOFF Delay Time Difference Except STANDBY MODE 4 !!S 

It Filter Time (8) 0.7 2 4 !!S 

Notes : 2. lithe output current exceeds the high short current threshold lscH an 1ntemal t1mer 1s started. If after the t1me penod ofT scH + T sa. the 
current hmrt1ng is still act1ve the overload condition IS recogmzed and this output 1s sw1tched olf {In any case). To restart the output the 
transfer mode (TM) has to be chosen and the corresponding 1nput voltage Vo1N must become HIGH to reset the internal overload latch 

3. Because the output capacitance is the drain-source capacitance of the power switch the nsetime of the outputs depends of the used 
supply voltage Vs, the load resistor Rc and the output capac1tance COUT and can be calculated w1th the follow~ng equation : 
Td =tIn 10 (reaching 90%o!Vs)t= RcxCourx K (4) K = 1.5 
ThiS additional delay t1me Td must be added to loFF-

4. Because the drain source capec1tance of the output transistor 1s voltage dependent, 11 is necessary to multiply Cour (specif1ed at the 
max1mum VOUT) w1th a correction factor K to obtain the average output capaCitance Cour. 

5. Delay bme between all modes except STANDBY MODE. 
6. Delay bme between STANDBY MODE and any other mode and vice versa. 
7. Data delay t1me when TRANSFER MODE is chosen. 
8. Explanation see pege 6 

MODE CHANGE DIAGRAM • Critical mode variations occur when both mode 
inputs change their state simultaneously. This is 
represented by the diagonal arrows in the mode 
change diagram. A 

X I 
K 

FILTERING TIMING 

VEN 
tfm1n 

c--

.. -
UTR 

td .. td 

RM HM 
SM SM 

1152L!JB42-B!J 

4/8 

374 

tfmln 

0 RM --0-- HM --®-- RM 

0 TM --0-- SM -0-- TM 

lf92L9842-19 

• To avoid that a filter is implemented in the TM sig
nal path. A suitable filter time It is chosen to be 
well beyond the mode comparator delays. 

tfmax tfmax 

.. -1<- 1-

t 

tfm1n -[+- tfm•n .. c--

t 
RM ™ HM 

RM or TM RM or HM 



• As a consequence of the filter function the follow
ing features are given respectively has to be con
sidered (refer to timing above): 

• For a delay between RM and HM up to td < tmin 
the parasitic TM will be supressed. 

• To obtain the transfer function surely both mode 
inputs be "Low" for at least !rM ttmax. 

TRUTH TABLE FOR THE CONTROL INPUTS 

Enable VE Transfer Vm Mode Symbol 

L H RM 

L L TM 

H L HM 

H H SM 

Figure 1 : Timing Diagram with Function Modes. 

L9842 

• Therefore the change from TM to any other mode 
causes an additional delay It that is the internal 
filter time. 

• The parasitic SM time is too short to influence the 
outputs and is hence negligible. 

Function Mode 

READ MODE (output monitoring) 

TRANSFER MODE (mput data transferred to output) 

HOLD MODE (output corresponds to the data latch) 

STANDBY MODE (all outputs open) 

""] I I 0 0 0 0 

Figure 2 : Maximum Rour - Characteristics. 

RourBlJ 

58 

8 

5 

8.8 
e.s ' 

~ Maximum limit 
[ \ over temperature 

-~--Typi~~i-~~~~~---· I I at 25" C 
8.1 

e.es~---rrr~~---r---+--~----+ 
4 5 7 18 

s.s 
15 28 25 Us!UJ 

nBBL!184Z-B38 

NBBL!JB4Z-BSB 

Figure 3 :Typical Short Current 
Characteristics. 

I SC 

I SCH ·...,. 
Example of a l1m1ted 

ON-current of a typ1cal lamp 

ILON Lamp ON-current for t -.. .... 

I SCL 

!LON -t-'--------------~~-~l 
'sc"'i---·------ 7 SCL ---------oj_i 

T ! 
2.5 42.5 tlmsl 

f188L9842-B4 
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Figure 4: Test Circuit. 

:··cHi..···················································· 
IS, JQ 

OUT1 I OUT1 

' •• ~~ ••• _u_R"-f ••• ~~ •••••••••••••••••••••••••••••••••••••••••• 

CHB OUTS I OUTS 
DB ·····································--················--·: 

TM 

RM 

ff88L!1842-B28 

FUNCTIONAL DESCRIPTIONS 

This device was developed specially for automotive 
applications to drive different loads like relais, 
lamps, data buses or actuators with very low current 
consumption. 

The L9842 contains eight identical channels each 
with a separate DATA input/output and the power 
output. In each channel the memory function, the 
output short circuit function and the diagnostic func
tion is realized. 

The common part determines the function modes 
through ENABLE and TRANSFER inputs whereas 
the reference part biases all current sources and 
generates the threshold voltages and the stabilized 
supply voltage for the whole CMOS-Iogic. 

A special thermal protection, ESD-protected in
puts/DATA pins and a particular output short circuit 
characteristic prevent a damage or the destruction 
of the device. 

Referring to the block diagram it can be seen that 
each channel works independent and contains all 
necessary functions described in the following 
points. 

6/8 
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OUTPUT BLOCK 

TRANSFER FROM DATA INPUT TO POWER 
OUTPUT. 

The DATA pins are used bidirectionally. The main 
path is the non inverting transfer of a digital signal 
from the DATA pin to the power output (TRANSFER 
MODE). The data pass the input latch that works 
also as a memory in the HOLD MODE. They remain 
stored until the TRANSFER MODE is selected to 
write in new data. 

This means that in all other modes the memory con
tent will not be changed except the output short cir
cuit protection was active more than the check time 
of 42.5ms. In this case in all modes the storage flip
flop will be set to hold the output for protection into 
the Off-state. By activating the READ MODE in this 
position it is possible to detect short-circuit load. 

To switch on the output again, the external control 
processor has to select the TRANSFER MODE and 
to change the input signal at the corresponding data 
terminal to HIGH to set the storage flip-flop and then 
to write in LOW. An additional reading of this chan
nel output (selecting the READ MODE after the 
mentioned check time) shows whether the short-cir
cuit is still present. 



TRANSFER FROM POWER OUTPUT TO DATA 
OUTPUT. 

The opposite signal path (READING MODE) from 
the output to the OAT A terminals is used for the di
agnostic function to monitor the output status. Out
put voltages greater than 3.5V lead to "HIGH" state 
at the DATA terminals. The HIGH level is typical 
4.5V and internally stabilized. For "LOW" level the 
saturation voltage of N-Channel MOS transistor is 
relevant. 

SHORT-CIRCUIT PROTECTION. 

For the use of lamps a particular short-current char
acteristic is implemented and it is drawn in fig. 3. Be
cause of the low resistance of lamps during the 
ON-phase the current limit is for typical2.5ms about 
the double as for the second current limiting phase. 
Detecting a short circuit condition means that the 
channel output remains low in any condition for the 
check timeT cH = T TSCH + T scL independent of the 
status of the inputs. 

These time periods are generated from two frequen
cies 400Hz/6.4kHz coming from the common oscil
lator part. If the current limiting is active after the 
check period an overload is recognized and the re
garding channel is switched off and the OAT A flip
flop is also reset as explained earlier. 

In order to save supply current a special short-circuit 
protection is used that needs no quiescent current 
during the ON-state as long as no overload is pres
ent at the output. Because of this special circuit con
figuration the output current must exceed a given 
threshold to activate the current regulation loop. 

This current threshold ITH is determined by the ON
resistance RosoN of the output DMOS and the mini
mum operating supply voltage Vsmm of the limiting 
circuit and can be easily calculated in the following 
way: 

ITH = Vsmm/RosoN = 4V/1.5Q = 2.7A (typical value 
at T1 = 25°C) 

When the output is shorted for instance to Vs a maxi
mum peak current will occur for a short duration up 
to the limiting circuit is switched on and the settling 
time is over. Under worst case conditions (T1 = -
40°C), Vs = 16V, where RosoN is lowest) the peak 
current can reach ?A with a duration of 111s at Vout 
= 15V and 4A with a duration of 201-!S at Vout = 5V. 

COMMON PARTS 

MODE CONTROL. 

By the "TRANSFER" and "ENABLE" input, working 
modes can be selected as shown in the truthtable 
in the upper part of fig. 1. The control signals coming 

L9842 

from both input comparators which determine the 
logic threshold and hysteresis drive the mode logic 
that distributes the right data to all output blocks. 

TRANSFER, HOLD and READ MODE are ex
plained before. The remaining STANDBY MODE 
switches the clock oscillator and all outputs off and 
reduce the quiescent current below 1 OOJlA. This 
means that only the both mode comparators and the 
bandgap regulator are active. The input data stored 
before will be not changed. 

OSCILLATOR PART. 

The clock oscillator contains an on-chip capacitor 
and requires therefore no external components. The 
oscillation frequency is approximately in the range 
of 50kHz. This oscillator signal is devided by a 7 bit
counter which creates the two frequencies for the 
timing of all short current control circuits in each out
put block. 

VOLTAGE REFERENCE. 

The main reference cell is a bandgap controlled very 
low drop voltage regulator. All threshold voltages for 
the input comparators, the diagnostic comparators 
and the thermal overload comparators as well as the 
reference voltage for the CMOS supply buffers are 
derived from one resistor devider. 

Because of the low current capability of the regulator 
two buffers are used to supply the CMOS logic for 
every four channels. These voltage followers work 
like a current multiplier at a very low quiescent cur
rent. A clamping circuit prevents that the CMOS 
breakdown voltage will be reached. 

CURRENT REFERENCE + POWER-ON RESET. 
The two temperature compensated current lines are 
generated directly from the bandgap voltage and 
are switched off by the mode logic to save supply 
current. A third unswitched current line biases the 
input comparators and CMOS buffers. 

During supply voltage rise, power-on reset circuit 
provides a defined status of all latches in the CMOS 
logic. From a supply voltage of about 4V on it en
ables the whole logic and the device can work. 
Below 4V all latches are set to hold the outputs into 
the OFF state. 

PROTECTION CIRCUITS 

ESD-PROTECTION. 

Both input comparators (ENABLE, TRANSFER) are 
ESD protected and include zener diodes that clamp 
the gates of the internal MOSFETs to minimai15V. 
Second diodes clamp these inputs to Vs if the sup
ply voltage is lower than 0.6V below the zener volt
age. 
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The eight "DATA" terminals has the same ESD pro
tection structure as the comparator inputs. 

SHORT CURRENT LIMITING. 

The detailed function explanation is given in a for
mer section where the output block is described. 
Generally it can be supplementary said that this kind 
of protection determines the limits within the safe 
operating area of the used DMOS structure. 

The big chip area and the heat capacity of silicon 
allow for short durations peak currents up to five 
times the maximum DC current that occur under cer
tain conditions as expounded above. 

THERMAL SHUTDOWN. 

Because of the symmetry and the big size of chip 
two thermal overload protection circuits were placed 
on each side of the chip where the output structures 
are concentrated to ensure minimum thermal gra
dients to the thermal sensors. 

Figure 5: Application Diagram 

01 

TM U REF RM 

uP 02 
CH2 

DB CHB 

EN 

TM 

TR RM 

t191L3842-B?f1 

8/8 

378 

At a chip temperature of about 160°C the device is 
switched OFF. This state is similar to the STANDBY 
MODE. After the temperature remains under ap
proximately 135°C the element is switched ON. 
Thermal shut-down does not influence any logic be
cause it switches only the gates of all output DMOS
transistors directly to ground. 

APPLICATION HINTS 

- Precausions by external components must be 
provided to avoid damage of the device (it's in 
any case not allowed to exceed the maximum 
ratings given on page 2). 

- For open load detection it is recommended to 
use external components to fix the desired 
status (depending on the temperature the in
ternal open load status can vary from "H" to 
"L" caused by leakage currents) 

DUT2 ZR 

1K rl 

ZL ZR 
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MOTOR BRIDGE FOR HEADLIGHT ADJUSTMENT 

• FULL BRIDGE OUTPUT CONFIGURATION 
WITH LOW SATURATION VOLTAGE, LESS 
THAN 3.6V AT OUTPUT CURRENT 1A. 

• OPERATING SUPPLY VOLTAGE RANGE 7V 
TO 18V, SUPPLY OVERVOLTAGE UP TO 
50V. 

• HIGH POSITIONING PRECISION AND HIGH 
NOISE IMMUNITY DUE TO TRANSFER 
CHARACTERISTIC WITH DIFFERENT POSI
TIONING AND NOISE IMMUNITY RANGES. 

• FAST STOP THROUGH SHORT-CIRCUITING 
THE MOTOR. 

• MOTOR STOP STATUS IN CASE OF OPEN 
INPUT CONDITION. 

• SUPPLY OVERVOL TAGE PROTECTION 
FUNCTION FOR Vs MORE THAN 18V, UP 
T050V. 

• INPUT PROTECTION AGAINST TRAN
SIENTS ON THE BATTERY LINE AND THE 
THE REVERSE BATTERY CONDITION. 

• OUTPUT SHORT CIRCUIT PROTECTION 
DUE TO OUTPUT CURRENT LIMITING 

• THERMAL OVERLOAD PROTECTION 

BLOCK DIAGRAM 

VIN+ 

L99137 

November 1992 

PRODUCT PREVIEW 

Minidip Powerdip (12+2+2) S020L(12+4+4) 

ORDERING NUMBER: L9907 

DESCRIPTION 

The L9907 is a monolithic integrated power com
parator with full bridge output configuration, in
tended for driving DC motors in positioning sys
tems, optimized for headlight adjustment 
application and respecting the automotive elec
tronics enviromental conditions. 

H92L999?-9!11 
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PIN CONNECTIONS 

POWERDIP (12+2+2) S020L (12+4+4) 

MINIDIP 
Us N.C. Us N.C. 

OUT- OUT+ 
OUT- OUT+ OUT-oiH- N.C. N.C. 

N.C. N.C. 
GND GND Vs 2 7 N.C. 

GND GND GHD GHD OUT+ 3 6 PR 
GND GND GND GHD 

GND 4 5 IN+ 
N.C. N.C. GND GND 

lf92L9911?'-116 
IN+ IN- N.C. N.C. 

PR N.C. IN+ IN-

PR N.C. 
ff92L99B7·BSR 

lf92L998?·8? 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vsoc DC Supply Voltage 26 v 
Vsp Supply Voltaae Pulse IT,;; 400msl 50 v 
loUT DC Output Current ±0.5 A 

Output Current Pulsed (1 OOmsl Internally limited 

liN DC Input Current ±10 mA 
Input Current Pulse (2ms) ±40 mA 

THERMAL DATA 

Symbol Parameter S020L Powerdlp 
Minidip Unit (12+4+4) (12+2+2) 

RthJ·amb Thermal resistance Junction-ambient 1) 50 70 100 °C/W 
Rthi·PinS Thermal Resistance junction-pins 15 15 - °C/W 

Ts Thermal Shutdown Junction Temperature 165 oc 
I) With 6cm2 on board heat s1nk area. 

2/5 
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ELECTRICAL CHARACTERISTICS (?V ~ Vs ~ 18V, unless otherwise specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

lq Quiescent Current lo = 0, (Output Open) 
Vdon < 20mV (stop) 7 mA 
Vdon < 200mV (Lor R) 3 mA 

VdP· Differential Input Voltage 0.5<Vr<Vs-1.5V 
VdP+ ~ositioning Thresholds (2) RPR== -50 -35 -20 mV 

RPR = 0 -100 -70 -40 mV 
RPR = = 20 35 50 mV 
RPR = 0 40 70 50 mV 

VdN· Differential Input Voltage 0.5 <VI< Vs -1.5V 
VdN+ Noise Immunity Thresholds RPR== 4VdP· -120 3VdP- mV 

RPR =0 4VdP· -240 3VdP· mV 
RPR = = 3VdP+ 120 4VdP+ mV 
RPR = 0 3VdP+ 240 4VdP+ mV 

lrN Input Bias Current 0.5<Vr<Vs-1.5V 
vdrN = o 0.5 2.5 11A 
VdrN = ± 200mV 12 40 11A 

RdiN Differentallnput Resistance 0.5<Vr<Vs-1.5V 16 25 40 kQ 
VdrN = ± 20omv 

Vosr Output Saturation Voltage/ lo= 1A 1.1 1.5 (3) v 
SinkStaQe lo = 0.4A 0.8 1.1 v 

Voso Output Saturation Voltage/ 10= 1A 1.6 2.1 (3) v 
Source Stage lo = 0.4A 0.9 1.4 v 

(2) Wrth programming resrstor RPA between the PR pin and GND the thresholds can be adJUSted from the nominal value (RPA ==,pin PR open) 
up to two times the nominal value (RPA = 0, pin PR shorted to GND). 

1~ 
The formula defining v.p., v.p. typical value as a function of RPR is: -VdP- (RPR) = vdP+ (RPR) = 70mV ----"-9·eo5"'KQ,_,_ 

RPA 
1 + 2 9.5KQ 

(3) The maximum value of the sum of the saturation voltages Vos1 (0.7A) + Voso (0.7A),; 2.5V is the des1gn target. 

Figure 1: L9907 Differential Input to Output Transfer Charateristic. 

UM.UOUT+ - UOUT-1 

Udn- Udp- -UdiN 
Udp+ Udn+ 

UdP UdN 
f192L99B?-B2 

FUNCTIONAL DESCRIPTION 
The L9907 is a power comparator with full-bridge 
push-pull outputs, intended for driving a DC motor 

in the headlight adjustment system. The basical 
function of the device is shown in the input-output 
transfer characteristic, Fig. 1. 

3/5 -------------- L.,, ~~~;mg,r::~~l1 --------------
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For differential input voltage VdiN lower than Vdn
the output voltage is negative (corresponds to 
motor direction right), for increasing input voltage, 
this status changes to the zero output voltage 
(motor is actively braked), when the differential 
input voltage reaches the positioning threshold 
Vctp-. The output status remains in this condition 
as long as the differential input voltage remains 
between the noise immunity range thresholds, 
Vctn· and Vctn+· If the input voltage increases 
above the similar behaviour is obtained for de
creasing the input voltage and crossing the Vctp+ 
and Vctn· thresholds. The possible output status 
transitions are marked with the arrows showing 
the corresponding direction of the output status 
variation. 
The above described behaviour assures the posi
tioning precision Vdp, corresponding to the Vdp
and Vdp+ thresholds and the noise immunity in 
the adjusted condition Vdn corresponding to the 
noise amplitude of Vdn - Vdp imposed on the 
input control or input feedback signal. Due to this 
feature the motor starts to move to a new position 
according to a new value of the input control sig
nal first when the difference of the input control 
signal to the input feedback signal becomes 
higher than max± (Vctn+- Vctp-) and min± (Vctn+
Vctp+)· These values are considered as limits of 
the noise immunity range. 
The stop position of the motor corresponds on the 
input control to input feedback signal difference 
and can be within the range Vdp- to Vdp+. This 
ramnge is considered as positioning precision 
range. 
Both the above described positioning and noise 
immunity ranges are defined refering to IN+, IN
pins and can be affected with the voltage drop 
over the input signals source resistance RIN+, RIN
due to the input bias currents IN+, IN-. 
The above mentioned resistors RIN+, RIN· shown 
the application circuit diagram, Fig. 2 or the equi
valent input source resistance in the application 
circuit diagram Fig. 3 are necessary for the input 
current limitation during the transients on the VsAT 
line. The input source resistors must be dimen
sioned so that in case of a line transients the 
input current in the input pin, clamped with the in
ternal input protection diodes do not increase 
over the specified absolute maximum value. 
The differential inputs feature an internal input re
sistor ActiN. This resistor assures that in the case 
of input control or input feedback wire interruption 
the input differential voltage will be within the Vctp
to Vctp+ range and the motor position remains 
frozen. 
The circuit features an overvoltage disable func
tion referred to the supply voltage Vs. This func
tion assures disabling the output for Vs higher 
than 18V, both outputs are forced to tristate in this 
condition. 

The thermal overload function disables the output 
tristate when the junction temperature increases 
above the thermal shutdown threshold tempera
ture of min. 150°C. For the start of a heavy 
loaded motor, if the motor current reaches the 
max. value it is necessary to respect the dynami
cal thermal resistance junction to ambient. The in
ternal output current limitation threshold is rated 
to be higher than 1.2A. The maximum junction 
temperature in this phase should not increase 
above the thermal shutdown threshold. In the 
case of output disable due to thermal overload re
mains the output disabled till the junction tem
perature decreases under the thermal enable 
threshold. This behaviour is assured with the ther
mal shutdown threshold hysteresis, its minimum 
value is 20K. 
Fig. 2 and Fig. 3 shows two typical application di
agrams for the headlight adjustment application. 
The preferable configuration is the differential 
input one, fig. 2 in which the optimum perfor
mance regarding the positioning precision and 
noise immunity is reached. To assure the safety 
of the circuit in the reverse battery condition a 
reverse protection diode D1 is necessary. The 
input currents in this condition are limited by the 
resistors RIN+ and R1N-. The transient protection 
diode D2 must assure that the maximal supply 
voltage Vs during the transients at the VsAT line 
will be limited to a value lower than the absolute 
maximum rating for Vs. 
The device features an output disable function in 
case of input voltage overdrive. When the input 
voltage at one or both inputs increases above the 
input common mode range limit (V1N?! Vs- 1.5V) 
both outputs will be forced to the source active 
condition (motor shortedx - stop). The thresholds 
of the described disable circuits are above and 
below the input common mode range, threfore a 
regular function is maintained until these thre
sholds are reached. 
Proposed additional features which may be im
plemented (not confirmed): 

-Disable for input voltage overdrive. 
In the case of input control wire or input feed
back wire short circuit to ground or the VsAT 
line the output of the device will be disabled 
and therefore the previous motor position re
mains also in this fault condition unchanged. 
The input voltage threshold for the output dis
able function are in the range below 0.5V and 
above Vs-1.5V. 

- Vctp and Vctn programmability with an external 
resistor. 

- Vs dependent Vctp and Vctn or Vs independent 
positioning precision and noise immunity. 

-Output short circuit current limitation. 
-Disable/standby function. 

4/5 -------------- L..,, ~~~~m~r::~~~ --------------
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Figure 2: Application Circuit (differential input configuration) 
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Note: Recommended value of R1N-, R1N- is 5 to 1 OkQ. 

Figure 3: Application Circuit (summing point configuration) 
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Note: R5 is necessary to define the motor low position in case of broken control wire. 
Recommended value of the input source equivalent resistor value is 5 to 10kQ. 
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L9930 

DUAL FULL BRIDGE 
PRODUCT PREVIEW 

• RosoN=2Q 
• INTERNAL CLAMPING VOLTAGE= 50V 
• INTERNAL FREE WHEELING DIODES 
• PARALLEL DRIVE CAPABILITY 
• RESISTIVE OR INDUCTIVE LOAD 

PROTECTION: 
" TEMPERATURE PROTECTION 

Multi watt 11 

" SHORT-CIRCUIT PROTECTION (Vbat, LOAD, 
GND) 

ORDERING NUMBER: L9930 

DETECTION: 
• SHORTED LOAD 
• OPEN LOAD 

BLOCK DIAGRAM 

ouu 
OUT3 

9 

11 

VBAT 
113 

CHANNEL 2 

f/l, 

u 
f-----0 

DESCRIPTION 
The L9930 mounted in Multiwatt 11, is a dual full
bridge. The output stages are Power Mas swit
ches. 

GNO VBAT 
6 2 

DRIVER ~ 
PROTECTION 

OUT2 

ot-----P CHANNEL 1 

TEMPERATURE/OUTPUT CURRENT ~ OUT1 

I 
FAILURE DETECTION 

I 
I TESTABILITY FUNCTION I I MICROCONTROLLER INTERFACE I 

14 lB 7 ls 
"' "' fi92L993B-B1 IN1 ENABLE OIAG IN2 

October 1992 1/6 

ThiS IS advanced 1nformat1on on a new product now 1n development or undergo1ng evaluatiOn Deta1ls are subject to change Without notrce 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

E Clamped Energy at the Switchir1fJOff 70 mJ 

Vout DC Contmuous Output Voltage 24 v 
Vouttr Transient Output Voltage 50 v 

Vbat DC Continuous Battery Voltage 5to 24 v 
Vbattr Transient Battery Voltage 50 v 

lout Reverse Output Current -3 A 

!,n Input Freguencv 500 Hz 
V,n Input Voltage -1.5 to +7 v 

vd,ag Diaqnostic Voltaqe -1.5to+7 v 
Ts Storage Temperature -55 to 150 oc 
T Operating Junction Tern -40 to 150 oc 

VESD VEsD {Note MIL STD 883C) 3000 v 

PIN CONNECTION 

l ~ OUT3 

-$- 113 UBAT 
9 OUT4 
B IN2 
7 ENABLE 
6 GND 
5 DIAG 

-$-
4 IN1 
3 OUT1 
2 UBAT 

r ~ OUT2 

L TAB CONNECTED TO PIN 6 1192L9!138·88 

PIN FUNCTIONS 

N. Name Function 

1 OUT2 Output Channel 1 

2 VsAT Power Supply 

3 OUT1 Output Channel 1 

4 IN 1 Input Channel1 

5 DIAG Diagnostic Output Common for the 2 Channels 

6 GND Ground 

7 ENABLE Enable 

8 IN 2 Input Channel 2 

9 OUT4 Output Channel 2 

10 VBAT Power Supply 

11 OUT3 Output Channel 2 

2/6 ------------- I..V ~~~~ID~v'::rr~~n -------------
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H-BRIDGE CONFIGURATION 

VBAT 

RD SON- H 1.-~----(0>---------,1, RDSDN- H 

OUTCxl DUTCx•1l 

LOAD 

RO SON-l rL------lO>--------'r RDSDN-l 
GND f192L993B-B3 

THERMAL DATA 

Symbol Parameter Value Unit 

Rth -case Thermal Resistance Junction to Case max. oc!W 

Rth ·amb Thermal resistance Junct1on to Ambient max. oc!W 

ELECTRICAL CHARACTERISTICS (Vbat = 8 to 18V tJ =- 40 to+ 150°C, unless otherwise specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Roson·H ON Resistance lout= 0.5A 2 4.3 Q 

Roson·L ON ReSIStance lout= 0.5A 2 4.3 Q 

VocL Clampmg Voltage lout=0.1A 50 v 
VF Clamp Diode Forward Voltage lout= 0.6A (see f1g. 1) 1.3 v 
TR Output Voltyage R1se T1me Vout; 0.1 to 0.9 Vout(see f1g. 1) 50 100 !lS 

TF Output Voltage Fall T1me Vout; 0.9 to 0.1 Vout (see fig. 1) 50 100 !lS 

ToR Input to Output Rising edge 0.5 V1N to 0.1 Vour (see fig. 1) 50 !lS 
Delay 

ToF Input to Output Falling Edge 0.5 VIN to 0.9 Vour (see f1g. 1) 50 !lS 
Delay 

OUTPUT PROTECTIONS CHARACTERISTICS I 
lsc Short Circuit 0.8 2.4 A 

Tso Temperature 160 oc 
THYST Temperature Hysteresis 20 oc 

These protections switch off the full bridge. 

OUTPUT DETECTIONS CHARACTERISTICS 

SUPPLY CHARACTERISTICS 

Ia HI Supply Current lout1-R = lout2-R 0.5A 15 mA 
lout1-L = lout2-L- 0.5A 
VsAT=14V 

loLO R1oad1 = Rload2 = 50Q 0.5 mA 
VsAT = 12V, ENABLE= 0 

3/6 
-------------- L.,l ~~~;m~::~~~ --------------
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ELECTRICAL CHARACTERISTICS 

INPUTS CHARACTERISTICS (normal and standby mode) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

V1H High Threshold 4 v 
VIL Low Threshold 1 v 
IN HI Input Current 1 V1N = 4V 200 [.lA 

INLO Input Current 2 V1N = 1V 200 [.lA 

DIAGNOSTIC CHARACTERISTICS 

loiAG = 2mA 

VoiAG = 5.25V 

INITIALIZATION CHARACTERISTICS 

Initialization Timm VsAT= 12V 

Start-Up Tmng VsAT = 12V 

TRUE TABLE 

ENAB IN1 IN2 OUT1 OUT2 OUT3 OUT4 MODE DIAG 

0 0 0 HZ HZ HZ HZ STANDBY ? 

0 0 1 HZ HZ HZ HZ NORMAL ? 

0 1 0 HZ HZ HZ HZ NORMAL ? 

0 1 1 HZ HZ HZ HZ NORMAL ? 

1 0 0 HSD LSD HSD LSD NORMAL VALID 

1 0 1 HSD LSD LSD HSD NORMAL VALID 

1 1 0 LSD HSD HSD LSD NORMAL VALID 

1 1 1 LSD HSD LSD HSD NORMAL VALID 

4/6 ----------- L_v'l SGS·niOMSON __________ _ 
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Figure 1: Initialization. 

. . 
MODE : ... NOR.MAL ... : .. ST.ANDEiY .. :. i'l0RMA.L. ·: ..... . 

:····--------·;·············;··········;······ 
DIAG · · 

STATus: UALID : NOT UALID :NOT UALID: 
·-------······'-············-'-················· 
. . HIGH . HIGH 

OUTPUT: 
STATus: 

NORMAL : IMPEDANCE :IMPEDANCE: 

. . STATE : STATE : 
:·············;·············;·•···--···;···--· 

1152L5538-84 

Figure 2: Normal Condition. 

: STARTUP 
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NORMAL 
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DIAG 1 
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f192L993B-B5 
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Figure 3: Short-circuit Condition. 
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• 20A OUTPUT CURRENT I DC OPERATION 
• LOW SATURATION VOLTAGE 
• VERY LOW CONSUMPTION IN OFF STATE 
• OVERLOAD DIAGNOSTIC OUTPUT 
• INTERNAL TEMPERATURE SENSOR 
• GROUNDED CASE 
• MULTIWATI-8 PACKAGE WITH HIGH CUR

RENT LEADS 

DESCRIPTION 
The L9936 device is an half "H" bridge in bipolar 
technology particularly suited to drive up to 20A 
bidirectional DC motors. 
The device also performs an overload diagnostic 
output and an internal temperature sensor. 
The device is assembled in Multiwatt-8 package 
with the case connected to the ground terminal. 

BLOCK DIAGRAM 

VB 

IN1 

IN2 

DF 

OT 

December 1991 

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

L9936 

HALF BRIDGE MOTOR DRIVER 

VD 

Multiwatt-8 

ORDERING NUMBER: L9936 

OUT 

GND 

1/8 

391 

I 



L9936 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Maximum DC Voltage (non operating mode) 28 v 
Vs Maximum DC Operating Voltage 20 v 
Vs Maximum Transient Voltage tr = 5ms, td = 300ms (non operating mode) 50 v 
v, Input Voltage -0.3Vto VB v 

VoF Diagnostic Feedback Voltage -0.3 to 6 v 
lo Output Current 30 A 

T, Tstg Junction and Storage Temperature Range -40 to+ 150 ·c 

PIN CONNECTION (Top View) 

~ OF 

-$- 7 IN2 

6 OT 

~ 
5 

4 

GND 

OUT 

3 UD 

-$- 2 UB 

r ~ IN1 

1189L236-Bt 

PIN FUNCTIONS 

N• Name Description 

1 IN1 Command input to switch on the upper power transistor of the half bridge 

2 VB Positive supply voltage (to be connected before the reverse battery protection diode) 

3 VD Positive supply voltage (to be connected after the reverse battery protection diode) 

4 OUT Power Output 

5 GND Power ground (also connected to the case) 

6 OT Analog output to monitor the internal temperature of the device 

7 IN2 Command input to switch on the lower power transistor of the half bridge 

8 DF Open collector output to monitor overload conditions 

2/8 ------------- I..W ~~~~mg:~~©~ -------------
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INPUT/OUTPUT TRUTH TABLE 

IN1 

L 
L 
H 

Note 1. Z means h1gh Impedance cond1t1on 
Note 2 IN1 and IN2 must not be Hat the same t1me 

THERMAL RESISTANCE 

Parameter 

Thermal Resistance Junction-case 

IN2 

L 
H 
L 

OUT 

z 
L 
H 

Value 

1.3 

L9936 

ELECTRICAL CHARACTERISTICS ( Vs = 14.4V; -40 < Tj < 125'C unless otherwise specified) 

Symbol Parameter 

Vs Operatmg Voltage 

Vo Operating Voltage 

VOL Output to GND Saturation Voltage 

VoHs Vs to Out Saturation Voltage 

VoHo VD to Out Saturat1on Voltage 

I so Supply ON Current (Vo-L) 

lsu Supply ON Current (Vo =H) 

loll Supplv Off State Current 

hN Input ON Current 

APPLICATION INFORMATIONS 
L9936 is particularly suitable in full bridge configu
rations to drive high current bidirectional DC mo
tors in 11C based systems. 
Fig. 1 shows a possible application circuit, with an 
analog interface between the power devices and 
the 11C. In the following, the functions of each 
block of the analog interface are described. 

Test Condition Min. Typ. Max. Unit 

8.5 19 v 
7.5 18 v 

lo= 20A 650 850 mV 

lo = 20A 1.5 1.75 v 
lo = 20A 650 850 mV 

1 A 

300 rnA 

Tj- 25'C 100 !lA 
V1N = 6.5V 4 6 rnA 

1 - Overvoltage And Reverse Battery Protection 
L9936 is particularly suitable as a full bridge to 
drive the window lift motors in automotive applica
tions. Fig. 2 shows the circuit schematics; due to 
the hostile automotive environment, it is necess
ary a transil (suggested type LDP24A) between 
VD and GND, to protect the two L9936 against 
overvoltages higher than 50V. In addition, if the 
reverse battery protection is requested, the diode 
01 between VB and VD can be used (suggested 
type BY239). 

-------------~ ~~~©n&~::~~©~ _____________ 318 
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Figure 2 

IN1L 

IN2L 

I_ 

GND o-------------------~ 

2 - Switch-off Sequence 
Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means IN1 L = IN2R = H, 
IN2L = IN1 R = L), the following steps have to be 
observed to allow a correct recirculation of 
the current in the motor at the switch off (Ref. Fig. 3): 

a)switch off T1 and wait for 1 OO!J.sec about in 
this condition (IN1 L = IN2L = IN1 R = L, 
IN2R =H) 

b)afler the a.m. delay switch ON T2 (IN1 L = 
IN1 R = L, IN2L = IN2R = H) 

c)switch off both T2 and T4 (IN1 L = IN2L = 
IN1 R = IN2R = L) 

Step a) allows the recirculation of the motor cur
rent due to the inductive component of the motor 

Figure 3: Switch-off Sequence 

turn-off 

+ 

IN1 
left half 

1- - -bndge 

IN1 I 
nght half 
bndge 

IN2 I 
nght half 1-bndge - -~- -

IN2 
I 

I left half -bndge 
I 

100uS ~I I~ 

-

-

L9936 

IN1R 

IN2R 

L _____ _ 

i~self . between DS 1 a~d T 4; the 1 OO).lsec delay 
t1me IS needed to avo1d the cross-conduction in 
the left half bridge. 

In step b) the motor is short circuited to GND (T2 
and T4 ON) and this allows the.dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the two half 
bridges. 
If the dynamic braking is not requested, step b) 
can be omitted. In any case the lower power tran
sis~or of an half bridge must be kept ON, after the 
sw1tch off of the upper transistor of the other half 
bridge, for a time longer than T = 5 • RL 1 LL, 
where RL and LL are the resistance and the 
inductance of the load. 

t 

-

:~' 

- ~~, 
BRAKING .. I 
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3- Input Driving Voltage 
To allow a correct operation of L9936 over the full 
temperature range, the driving voltage at the input 
pins must be higher than 5.5V, with 5mA current 
capability. 

4- Short Circuit Protection 
It is possible to protect L9936 against short circuit 
to ground and across the motor in the full bridge 
application. 
The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1 A, U1 B) to detect the 
Vee of the upper power transistors. 
U2A and U2B are open drain NAND gates (i.e. 
part no. HCC401 07) and U3A/B/C/D are non in
verting buffer to drive the two L9936 (i.e. part no. 
74HC4050). 
U1A and U1 B sense the differential voltage VD-OUTL 
and VD-OUTR respectively. 
Referring to Fig. 4, chosen R1=100K and R2 = 20K, 
the values of R3 and R4 may be calculated ac
cording to the following formula: 

_ (Vo- VcETH)- 0.166 Vo) * R4 
R3 - 0.166 Vo 

where: 

Vo = bridge power supply 
VcETH =collector to emitter detection threshold. 
Choosing VcETH = 2V @ Vo = 12V and R4 = 1 K, 
the above formula gives R3 = 4K. 

When all signals from J.!C are at low level (motor 
Figure 4 

OUTL D----"/V-____,----, 

SV 

RJ 

R4 

off). the input to the two half bridges are low too; 
in these conditions the output voltage of the two 
comparators is high and therefore the outputs of 
U2A/U2B are free. 
When the J.!C sends, for example, L 1 and R2 
high, the left half bridge output goes high and the 
right one goes low. 
At this point the output of U1A pulls down the 
input of U2A before that the delay capacitor C1 is 
charged (through R5) up to the U2A threshold; in 
this way the U2A output remains free and the 
bridge drives the motor. 
If a short circuit occurs, the Vee of the upper 
power transistor increases above the threshold 
and then the U2A output pulls down the L 1 input 
to L9936. 
Contemporary the SC signal to J.!C, high in normal 
conditions, goes low; at this point the J.!C ex
ecutes the switch-off sequence. 
We have just explained what happens whe~ a 
short circuit occurs during the motor runnmg 
phase. 
Another faulting condition occurs switching on the 
bridge when a short circuit is present; in this case 
the bridge is driven for a time depending on the 
time constant R5 • C1 = R6 • C2. Choosmg 
R5 = R6 = 3.3K and C1 = C2 = 1 nF, then the time 
c9nstant will be T = 3.3J.1sec, that is 5J.1sec about 
delay time. Longer delay time might allow the 
short circuit current to reach values beyond 
the absolute maximum ratings. 

5 -Thermal Protection 

6/8 
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The L9936 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec
tion for the device. 
Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 1 0011A 
diode current. 

Fig. 6 shows the simplest solution to do a thermal 

Figure 5 
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protection; an AID converter of the 11C is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
1 OOnF capacitor acts as a filter against the noise. 
When the 11C detects a voltage lower than the low 
threshold chosen according to the diagram in 
~ig. 5, it executes the switch-off sequence and re
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30,C. 

Figure 6 

lrl, ~. -*• -!,~,--~~~+~~--I+!-::,-.,___,, AID CONVERTER 

L9936 

6 - Overvoltage Protection 

At point 1 we suggest a way to protect the L9936 
against the voltage transients. This protection 
allows the device to withstand overvoltages only if 
the bridge is not operating. To protect the device 
against the overvoltages in all the operating con
ditions it is possible to implement the circuit 
shown in Fig. 7. 

(Note: A-B are connected to the nodes between 
R3 and R4 (left side and right side) in Fig. 4; C is 
connected to the node between R1 and R2 in Fig. 4). 
When V o reaches 18V the comparator output 

L9936 

Figure 7 

30K 150K A B 

pulls down A and B, causing the intervention of 
the hardware protection shown in Fig. 4; at the 
same time the OVV signal is sent to 11C, which 
ex_ecutes the switch off sequence. The 11C must 
reject any command to the bridge during the over
voltage conditions. 
With the values showed in Fig. 7, a 1 V hysteresis 
is provided. 
It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the 11C, once received the overvoltage di
agnostic signal (OVV), put at low level the 
commands to the upper transistors of the two half 
bridges (L 1 and L2 in Fig. 4), allowing the free 
running of the motor. 
The system holds this condition until OVV is ac
tive; when the OVV signal is released the 11C re
stores the previous commands to the bridge. 

7 - Diagnostic Feedback Output 

DF pin is an open drain output to monitor overcur-
rent and overtemperature conditions. I 
The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vee, to a 
d1g1tal mput of the 11C; when the DF signal goes at 
low level, the 11C executes the switch-off se
quence. 

L9936 IN A BODY MULTIPLEX ENVIRONMENT 

All the functions described above can be im
plemented in a custom integrated circuit together 
with a bus transceiver and a protocol handler. It 
is then possible to obtain a very small size mo
dule that can be integrated directly in the actua
tor. Fig. 8 shows a typical application of these 
modules as peripheral units in a "Class A" wired 
Multiplex System. 
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L9936 

Figure 8: "Class A" Wired Peripheral Application 
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a 6A OUTPUT CURRENT 
a LOW SATURATION VOLTAGE 
a VERY LOW CONSUMPTION IN OFF STATE 
., OVERLOAD DIAGNOSTIC OUTPUT 
a INTERNAL TEMPERATURE SENSOR 
" GROUNDED CASE 

DESCRIPTION 

The L9937 device is a full bridge for bidirectional 
motor driver applications realized in bipolar tech
nology; it can deliver up to 6A output current with 
low saturation voltage. 
Two diagnostic informations are provided to moni
tor overload conditions and the internal tempera
ture. 
The device is assembled in the MULTIWATT-11 
package with the case connected to the ground 
terminal. 

BLOCK DIAGRAM 
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FULL BRIDGE MOTOR DRIVER 
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L9937 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Ve Maximum DC Voltage (non operating mode) 28 

Vs Maximum DC Operating Voltage 20 

Vs Maximum Transient Voltage tr = 5ms, td = 300ms (non operating mode) 50 

v, Input Voltages -0.3VtoVB 

VoF Diagnostic Feedback Voltage -0.3to6 

lo Output Current 10 

T, Tstg Junction and Storage Temperature Range -40 to +150 

PIN CONNECTION (Top View) 

l = 
11 

-$-
1(3 

9 

8 

-$- 7 

6 

5 

4 

OT 
IN2 
N.C. 
OUT2 
IJD 

GND 
OUT1 
IJB 

IN1 
EN 

OF 

-$- 3 

2 

r 1 
= 

1189L23?-Bt 

PIN FUNCTIONS 

N• Name Description 

1 DF Open collector output to monitor overload conditions 

2 EN Enable Input 

3 IN1 Command input 

4 VB Positive supply voltage (to be connected before the reverse battery protection diode) 

5 OUT1 Power output of the 1st half bridge 

6 GND Power ground (also connected to the case) 

7 VD Positive supply voltage (to be connected after the reverse battery protection diode) 

8 OUT2 Power output of the 2"d half bridge 

9 N.C. Not connected 

10 IN2 Command input 

11 OT Analog output to monitor the internal temperature of the device 

Unit 

v 
v 
v 
v 
v 
A 

·c 

2/8 ------------- L..,, ~~~;ID&~:oo~~ -------------
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INPUT/OUTPUT TRUTH TABLE 

EN IN1 

L L 
L H 
L L 
L H 
H L 
H H 
H L 
H H 

Note 1 : Z means h1gh Impedance cond1t1on 
Note 2 All other cond1t1ons are not perm1tted 

THERMAL RESISTANCE 

Parameter 

Thermal Resistance Junction-case 

L9937 

IN2 OUT1 OUT2 

L z z 
L z L 
H L z 
H L L 
L z z 
L H L 
H L H 
H L L 

Value 

TBD 

ELECTRICAL CHARACTERISTICS ( Vs = 14.4V; -40 < Tj < 125'C unless otherwise specified) 

Symbol Parameter 

Vs Operating Voltage 

Vo Operating Voltage 

VoL Output 1/2 to GND SaturatiOn Voltage 

VoHs Vs to Out1/2 Saturation VoltaQe 

VoHD VD to Out1/2 Saturation Voltage 

I so Supply ON Current 

IsH Supply ON Current 

I on Supply Off State Current 

I1N Inputs ON Current 

APPLICATION INFORMATIONS 
L9937 is particularly suitable to drive up to 6A 
bidirectional DC motors in J.!C based systems. 
Fig. 1 shows a possible application circuit, with an 
analog interface between the power devices and the J.!C. 
In the following, the functions of each block of the 
analog interface are described. 

Test Condition Min. Typ. Max. Unit 

8.5 19 v 
7.5 18 v 

lo=6A 650 mV 

lo=6A 1.5 v 
lo=6A 650 mV 

OUT1 = H; OUT2 = L 360 mA 
OUT1 = L; OUT2 = H 

OUT1/2 = H 600 mA 

Tj = 25'C 100 J.IA 

V1N = 6.5V 3.5 mA 

1 - Overvoltage And Reverse Battery Protection 
L9937 is particularly suitable to drive the door 
lock motors in automotive applications. Fig. 2 
shows the circuit schematics; due to the hostile 
automotive environment, it is necessary a transil 
(suggested type 1.5KE36) between Vo and 
GND, to protect the L9937 against overvoltages 
higher than 50V. In addition, if the reverse battery 
protection is requested, the diode 01 between 
VB and VD can be used (suggested type 
BYW29-200A). 

3/8 ------------- L-,1 ~~~;~~llr::~~l: -------------
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L9937 

Figure 1 
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L9937 

Figure 2 

M 

OUT1 OUT2 

GNDo---~G~ND~}-~----._--~-r--r-:r-i--4---+---~ 
OT [r~~~~~~ 

DF 1N1 IN2 EN 

2 - Switch-off Sequence 
Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means EN=H IN1 =H 
IN2=L), the following steps have to be obs~rved 
to allow a correct recirculation of the current 1n the 
motor at the switch off (Ref. Fig. 3): 

a)switch off T1 and wait for 1 OOsec about in 
this condition (EN = L IN1 = H IN2 = L) 

b)after the a.m. delay switch ON T2 (EN = L 
IN1 = H IN2 = H) 

c)switch off both T2 and T4 after the motor 
stop (EN= L IN1= L IN2 = L) 

Step a) allows the recirculation of the motor cur

Figure 3: Switch-off Sequence 

turn·off • 
EN -- -

I 
IN1 _j 1-- - - - - -

I 

l I 
IN2 - - -I 

I I 
100uS . , 1 .. 

rent due to the inductive component of the motor 
itself between DS1 and T4; the 1 OOJ.!sec delay 
time is needed to avoid the cross-conduction in 
the left half bridge. 
In step b) the motor is short circuited t~ GND .(T2 
and T4 ON) and this allows the dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the bridge. 
If the dynamic braking is not requested, step b) 
can be omitted. In any case the lower power tran
sistor of an half bridge must be kept ON, after the 
switch off of the upper transistor of the other half 
bridge, for a time longer than T = 5 •. RLILL. where 
Rl and Ll are the resistance and the inductance of 
the load. 

t 
L 

I 
tl 

- - - - - - .t 

L 

I 

!I 

- - - - - - ~~ 

BRAKING •I 
I 
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L9937 

3- Input Driving Voltage 
To allow a correct operation of L9937 over the full 
t~mperature ra~ge, the driving voltage at the input 
pins must be higher than 5.5V, with 4mA current 
capability. 

4 - Short Circuit Protection 
It is possible to protect L9937 against short circuit 
to ground and across the motor in the full bridge 
application. 
The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1A, U1B) to detect the 
Vee of the upper power transistors. U2A and U2B 
are open drain NAND gates (i.e. part no. 
HCC401 07) and U3A/B/C/D are non inverting 
buffer to drive the L9937 (i.e. part no. 
74HC4050). 
U1 A and U1 B sense the differential voltage VD
OUT2 and VD-OUT1 respectively. Referring to 
Fig. 4, chosen R1 =1 OOK and R2=20K, the values 
of R3 and R4 may be calculated according to the 
following formula: 

R3 = (Vo- VcETH)- 0.166 Vo) * 
0.166 Vo R4 

where: 
Vo = bridge power supply 
VcETH = collector to emitter detection threshold. 

Figure 4 

R3 

R4 

Choosing: 
VcETH = 2V @ Vo = 12V and R4 = 1 K, the above 
formula gives R3 = 4K. 
When all signals from f!C are at low level (motor 
off), the inputs to the bridge are low too· in these 
conditions the output voltage of the two ~ompara
tors is high and therefore the outputs of U2A/U2B 
are free. When the 11C sends, for example, IN2 
and EN high, OUT2 of the bridge goes high and 
OUT1 goes low. 
:'\t this point the output of U1A pulls down the 
1nput of U2A before that the delay capacitor C1 is 
c~arged (through R5) up to The U2A threshold; in 
th1s way the U2A output remains free and the 
bridge drives the motor. 
If a short c!rcuit occurs, the Vee of the upper 
power transistor Increases above the threshold 
and then the U2A output pulls down the enable 
input of L9937. Contemporary the SC signal to 
f!C, high in normal conditions, goes low; at this 
point the f!C executes the switch-off sequence. 
We have just explained what happens when a 
short circuit occurs during the motor running 
phase. Another faulting condition occurs switch
ing on the bridge when a short circuit is present; 
in this case the bridge is driven for a time depend
ing on the time constant R5 • C1 = R6 • C2. 
Choosing R5 = R6 = 3.3K and C1 = C2 = 1 nF, 
then the time constant will be T = 3.3f!sec, that is 
51lsec about delay time. Longer delay time 
might allow the short circuit current to reach 
values beyond the absolute maximum ratings. 

~--~----------~------~sc~ TOuC 

r---~~---+------1N~:~~FROMuC 
IN1 J 

TO L9937 
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5 - Thermal Protection 
The L9937 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec
tion for the device. 
Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 1 OOA 

Figure 5 
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diode current. 
Fig. 6 shows the simplest solution to do a thermal 
protection; an AID converter of the J.!C is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
1 OOnF capacitor acts as a filter against the noise. 
When the J.!C detects a voltage lower than the low 
threshold chosen according to the diagram in 
Fig. 5, it executes the switch-off sequence and re
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30"C. 
Figure·6 

l" ~ AID CONVERTER 

I L9937 
.t100nF 

+ 

6 - Overvoltage Protection 
At point 1 we suggest a way to protect the L9937 
against the voltage transients. This protection 
allows the device to withstand overvoltages only 
if the bridge is not operating. To protect the de
vice against the overvoltages in all the operating 
conditions it is possible to implement the circuit 
shown in Fig. 7. 
(Note: A-B are connected to the nodes between 

L9937 

Figure 7 

vee 

20K 
10K 

30K 150K A B 

R3 and R4 (left side and right side) in Fig. 4; C is 
connected to the node between R1 and R2 in Fig. 4). 
When Vo reaches 18V the comparator output 
pulls down A and B, causing the intervention of 
the hardware protection showed in Fig. 4; at the 
same time the OVV signal is sent to J.!C, which 
executes the switch off sequence. The J.!C must 
reject any command to the bridge during the over
voltage conditions. 
With the values shown in Fig. 7, a 1 V hysteresis 
is provided. 
It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the J.!C, once received the overvoltage di
agnostic signal (OVV), put at low level the 
enable of the L9937, confirming the hardware 
switch-off of the motor; in this condition an output 
of the half bridge is in high impedance state and 
the other one is low, allowing the recirculation of 
the current and the free running of the 
motor. 
The system holds this condition until OVV is ac
tive; when the OVV signal is released the J.!C 
resets the hardware protection, sending EN = IN1 = 
IN2 = Land then restore the previous command to I 
the bridge. 
It is mandatory, however, to wait for the complete 
current recirculation of the motor before to reset 
the hardware protection; in facts, when EN = IN1 
= IN2 = L both the L9937 outputs are in high im
pedance conditions. 

7 - Diagnostic Feedback Output 
OF pin is an open drain output to monitor overcur
rent and overtemperature conditions. 
The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vee, to a 
digital input of the J.!C; when the OF signal goes at 
low level, the J.!C executes the switch-off se
quence. 
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L9937 

L9937 IN A BODY MULTIPLEX ENVIRONMENT 
All the functions described above can be im
plemented in a custom integrated circuit together 
with a bus transceiver and a protocol handler. 

Figure 8: "Class A" Wired Peripheral Application 
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It is then possible to obtain a very small size mo
dule that can be integrated directly in the actua
tor. Fig. 8 shows a typical application of these 
modules as peripheral units in a "Class A" wired 
Multiplex System. 
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L9946 

MULTIPLE HALF BRIDGE DRIVER 

• 4.75A TOTAL OUTPUT CURRENT 
• VERY LOW CONSUMPTION IN OFF STATE 
• OVERLOAD DIAGNOSTIC 
• OPEN LOAD DIAGNOSTIC 
• GROUNDED CASE 

DESCRIPTION 

The L9946 device is a quad half bridge plus an 
High Side Driver for bidirectional 3 motors and a 
grounded load driver applications realized in 
Multipower-BCD technology: it can deliver up to 
4.75A output current. 
Multiple diagnostic informations are provided to 
monitor overload and open load conditions. 
The device is assembled in the MULTIWATT-15 
package with the case connected to the ground 
terminal. 

BLOCK DIAGRAM 
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PIN CONNECTION (Top view) 

~ OUT3 

-$- 14 OUT4 
13 IN1 
12 IN2 
11 IN3 
18 IN4 

~ 
9 DR(;) 
8 GND 
7 Us 

6 DG1 
5 DG2 

-$-
4 EN 
3 OUT1 
2 OUT2 

r~ OUTS 

/f!JBL!J!J-16-8311 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage 50 v 
EN Enable -0.3 to 20 v 

IN1 -IN4 Command Inputs -0.3 to 20 v 
DRQ Diagnostic Request Input -0.3 to 20 v 

DG1-DG2 Diagnostic Outputs Voltage -0.3 to 60 v 
Diagnostic Outputs Current 10 mA 

OVT1.QVT2 Half Bridges Output Current +2.S A 

OVT3.QVT4 Half Bridges Output Current +S A 

OUTS Hiqh Side Driver Output Current -5 A 

Tsta, T Storaqe and Junction-Case Temperature -40 to 1SO oc 
Ptot Power Dissipation T cAsE= 8S°C 26 w 

THERMAL DATA 

Descri lion 

Thermal Resistance Junction-case 

PIN FUNCTIONS 

Pins Description 

Vs Positive supply voltage (to be connected after the reverse battery protection diode). 

EN Enable, switches the device between the low consumption and the operating mode. 

IN1, IN2, IN3 Command inputs of the four half bridqes. 

IN4 Command input of the hiqh side driver. 

DRQ Diaqnostic request input. 

DG1, DG2 Diaqnostic output (open drain). 

OUT1, OUT2, OUT3, OUT 4 Outputs of the four half bridges. 

OUTS Output of the high side driver. 

GND Ground 

2/4 
-------------L.,J ~~~~m~::Ol~tt -------------
408 



L9946 

ELECTRICAL CHARACTERISTICS (Vs = 13V; -40 < Tj < 125"C, unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vs Operating Supply Vottage EN =H 8 32 v 
lvs Supply Current EN < 0.8V T = 25°C 100 uA 

lvs Supply Current EN= H; IN1 = IN2 = IN3 = IN4 1 10 mA 
=X DRO= L 

lvs Supply Current Open Load EN= ORO= H; IN1 = IN2 = 50 mA 
Diagnostic IN3 = IN4 = L 

Ven Enable Input Voltage High 2 v 
Ven Enable Input Voltage Low 0.8 v 

Venth Enable Threshold Hysteresis 50 mV 

len Enable Input Current High 0 < Ven < 5.5V 80 uA 

VmH Input Voltage High 2 v 

Vrnl Input Voltage Low 0.8 v 
Vmth Input Threshold Hysteresis 100 mV 

l,n Input Current 0 < V,n (1-4) < 5.5V 80 uA 

VdraH Diaqnostic Request Hiqh 2 v 
Vdral Diaqnostic Request Low 0.8 v 
Vdrath Dia~:mostic Req. Thr. Hysteresis 100 mV 

ldra Diagnostic Req. Current 0 < Vdra < 5.5V 80 uA 

Rdo Diagnostic Output Resistance 100 Q 

ldg Diagnostic Output leakage Vdg (1-2) = 16V 50 uA 
Current 

RonOUT1 ON Resistance (to supply or to 10V < Vs < 30V 6.5 Q 

RonOUT2 GND) 6.5 Q 

RonOUT3 0.32 Q 

Ron OUT4 0.32 Q 

lout1 o I Output Current in Open Load IN1 = IN2 = JN3 = IN4 = L; +10 mA 
lout2 o t Diagnostic ORO= H EN= H 
lout3 o I 

lout3 o t Output Current in Open Load IN1 = IN2 = IN3 = IN4 = L; -100 mA 
Diagnostic ORO= H EN= H 

Ron5 High Side Driv. ON Resistance 10V < Vs <30V 0.6 Q 

loutS o I Output Current in Open Load IN1 = IN2 = IN3 = IN4 = L; -10 mA 
Diagnostic ORO= H EN= H I 

lout1/2 Output Current Threshold for ±1 A 
lout3/4 Diagnostic ±4.75 A 
loutS ±4.75 A 

3/4 
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FUNCTIONAL DESCRIPTION 

EN IN1 IN2 IN3 IN4 DRQ OUT1 OUT2 OUT3 OUT4 OUTS CONDITION 

0 X X X X X T T T T OFF Low consumption 

1 0 0 0 0 0 T T T T OFF Oper. mode OFF 

1 0 0 0 0 1 *snk *snk *snk *src *src * Open Load detection 

1 0 0 1 0 X src T T snk OFF M1 right 

1 1 1 0 0 X snk T T src OFF M11eft 

1 1 0 1 0 X T src T snk OFF M2right 

1 0 1 0 0 X T snk T src OFF M21eft 

1 0 1 1 0 X T T src snk OFF M3right 

1 1 0 0 0 X T T snk src OFF M31eft 

1 1 1 1 0 X snk snk snk snk OFF Braking 

1 0 0 1 1 X src T T snk src M1 right+ HSD 

1 1 1 0 1 X snk T T src src M11eft+ HSD 

1 1 0 1 1 X T src T snk src M2 right+ HSD 

1 0 1 0 1 X T snk T src src M21eft+ HSD 

1 0 1 1 1 X T T src snk src M3 right+ HSD 

1 1 0 0 1 X T T snk src src M31eft + HSD 

1 1 1 1 1 X snk snk snk snk src Brakil'lg_ + HSD 

1 0 0 0 1 X T T T T src HSDonly 

Note 1: T means high impedance condition; snk means sink condition of the output; src means source condition of the output 

*Note 2: 
In the open load diagnostic condition the sink current of OUT1, OUT2 and OUT3 is typically+ 1Om A. In the same condition the source current 
of OUT4 and OUTS are respectively -100mA and -10mA. 

TRUTH TABLE OF THE DIAGNOSTIC FUNCTION 

EN IN1 IN2 IN3 IN4 DRQ 

1 X X X X X 

1 * X 0 
1 X X X 1 0 

1 0 0 0 0 1 

1 0 0 0 0 1 
1 X X X X X 

1 * 1 0 

1 0 0 0 0 1 

Notes: 
•: Don't care but IN1, IN2 and IN3 must not be 0 at the same time. 
HB: Half Bridges 
HSD: High Side Driver 

DG1 DG2 CONDITION 

1 1 Allok 

0 1 Overcurrent in the HB 

1 0 Overcurrent in the HSD 

0 1 Open Load in the HB 

1 0 Open Load in the HSD 

0 0 Overtemperature 

0 0 Overcurrent in the HB and HSD or 
overtemperature 

0 0 Open load in the HB and HSD or 
overtemperature 

4/4 -------------,.,, ~~~;ru~r::~~~ -------------
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L9947 

QUAD HALF-BRIDGE AND SINGLE HIGH-SIDE DRIVER 

• LOW CONSUMPTION IN STANDBY MODE 
(<100!JA) 

• TWO HALF BRIDGES FOR 3A LOAD 
(RosoN = 0.25Q TYP; T1 = 25°C) 

• TWO HALF BRIDGES FOR 0.5A LOAD 
(RosoN = 2.5Q TYP; Tj = 25°C) 

• HIGH SIDE DRIVER FOR 2.5A LOAD 
(RosoN = 0.45Q TYP; T1 = 25°C) 

• DIRECT CONTROLLED BY !!C (MULTIPLEX 
SYSTEM) 

• OUTPUT HIGH/LOW LEVEL DIAGNOSTIC 
• OVERCURRENT SWITCH OFF AND DIAG

NOSTIC 
• OVERTEMPERATURE DIAGNOSTIC BE

FORE SWITCH OFF 
• OPEN LOAD DIAGNOSTIC 

DESCRIPTION 
The L9947 is a bus controlled power interface in-

BLOCK DIAGRAM 

OUT1 OUT2 

Us 

PRODUCT PREVIEW 

~ """~~ 
Multiwatt 15 

ORDERING NUMBER: L9947 

tended for automotive applications realized in 
multipower BCD6011 technology. Up to three DC 
motors and one grounded resistive load can be 
driven with its four half-bridge and one high-side 
driver power outputs. The microcomputer com
patible bidirectional parallel bus allows several in
terfaces connected on the same bus (multiplex 
system). The full diagnostic information is available 
on the bus. 

OUT3 OUT4 OUTS 

Ucc ~-------------..--r----'>L---L-1 
MODE <)7----------+--1 
CSN cr---Jr-----,---~---[__ ___ ""7<"_---.---_j 

GNO 

00 01 02 03 

November 1992 1/11 

Th1s 1s advanced 1nformat1on on a new product now 1n development or underg01ng evaluation. Details are subject to change Without not1ce 
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L9947 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs DC Supply Voltage 26 v 
Single Pulse !max< 400ms 40 v 

Is Negative Supply Current .g A 

Vee Stabilized Supply Voltaae -0.3 to 6V v 
VcsN, VRrwN Digital Input Voltage -0.3 to Vcc+0.3 v 

VMODE 

Voo-D3 Diaital lnpuV Output Voltaae -0.3 to Vcc+0.3 v 
loUT1 ·OUTS Output Current Power internal limited 

'G. Operating Junction Temperature -40to 150 oc 
T ·SD Thermal Shutdown Junction Temperature min 150 oc 
T -HYS Thermal Junction Temperature Hysteresis 20 K 

PIN CONNECTION 

~ D3 

-$-
14 D2 
13 D1 
12 DB 
11 OUT2 
18 OUT4 
9 OUTS 
8 GND 
7 Us 
6 OUT3 
5 OUT1 

-$-
4 Ucc 
3 CSN 
2 MODE 

r ~ R/I.Ji'l 

lt!I2L994i'-B3 

THERMAL DATA 

Symbol Parameter Value Unit 

Rth -amb Thermal Resistance Junction Ambient Ptot = 25W; free air; DC 38 °CIW 

ZthJ·amb Thermal Resistance Junction Ambient still air; 10 oc/W 
single pulse tp=20s 

2/11 
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L9947 

ELECTRICAL CHARACTERISTICS (Vs = 8 to 16V; Vee= 4.5 to 5.5V; T1 = -40 to 150°C;unless other
wise specified; the voltage are refered to GND and currents are assumed positive, when the current 
flows into the pin.) 

SUPPLY: 

Symbol Parameter Test Condition Min. Typ, Max. Unit 

Icc DC Supply Current Vs = 16V; Vee= 5.5V; (status 
sf 

5 mA 

Is DC Supply Current Vs = 16V; Vee= 5.5V; (status 10 mA 
8)-

ICC+IS Sum Supply Current lour1 = IQUT2= loUT3= lour•" 100 J.IA 
loUT5= 0; Standby (status 2}Vs 
= 14V; Vee= 5.5V; 

Vs < 14V; Vee= 5.5V; lour= 0; 1 mA 
(status 1'll; 

Vsovr Overvoltage Shutdown 17 25 v 
Threshold 

CONTROLINPUTS:CNS,R~N,MODE 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VtNL Input Low Level Vee= 5V 1.5 v 
VtNH Input HiQh Level Vee= 5V 3.5 v 

ViNHyst Input Hysteresis Vee= 5V; 0.5 v 
iJNL Input Current Low Vee= 5V;VtN= 0 -10 10 uA 

iJNH Input Current High (with Vee= 5V; VtN= 5V -10 10 J.IA 
exception of CSN Input} 

RcsN Input Resistance to GND (pull 20 KQ 
down at CSN pin} 

DATAINPUT:DO-D3 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VotNL Input Low Level Vee= 5V; MODE= 0 1.5 v 
VotNH Input HiQh Level Vee= 5V; MODE= 0 3.5 v 

VDINHyst Input Hysteresis Vee= 5V; MODE= 0 0.5 v 
lotNL Input Current Low Vee= 5V; VtN= 0 -10 10 uA 

lotNH Input Current High Vee= 5V; VtN= 5V -10 10 J.iA 

DATA OUTPUT: DO- D3 

Symbol Parameter Test Condition Min. Typ, Max. Unit 

VooL Output Low Level Vee= 5V; lo= 0.5mA; MODE 0.6 v 
= 1 

VoiNH Input High Level Vee= 5V; lo= 0.5mA; MODE 4 v 
= 1 

3/11 
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L9947 

ELECTRICAL CHARACTERISTICS (continued) 
OUTPUTS: 

Symbol Parameter Test Condition 

RoNOUT1 On Resistance to Supply or Vs; 8V; T1; 125°C; 
GND louT;±0.5A 

Vs ;,:10V; T1; 125°C; 
louT ;±0.5A 

RoNOUT2 On Resistance to Supply or Vs; 8V; T1; 125°C; 
GND louT;+Q.5A 

Vs;,: 10V; T1 ; 125°C; 
louT ;+0.5A 

RoNOUT3 On Resistance to Supply or Vs; 8V; T1; 125°C; 
GND louT;±2.5A 

Vs ;,: 10V; T1 ; 125°C; 
louT ;+2.5A 

RoNOUT4 On Resistance to Supply or Vs; BV; T1 ; 125°C; 
GND louT;±2.5A 

Vs _;;,_ 10V; T1 ; 125°C; 
louT ;±2.5A 

RoNOUT5 On Resistance to Supply Vs; BV; T; 125oC; louT; -2A 

Vs;,: 10V; T1 ; 125°C; 
louT; -2A 

llouT1 I Output Current Limitation to For the functJon of the short 
Supply or GND circuit current limitation see the 

llouT21 Output Current Limitation to functJonal description (pag .... ) 

Supply or GND 

llouT3I Output Current Limitation to 
Supply or GND 

liOUT41 Output Current Limitation to 
Supply or GND 

I louTs I Output Current Limitation to GND 

loun Output Current VouT1 ;2.5V; (status 1 8) 

loutT2 Output Current VoUT2;2.5V; (status 18) 

louT3 Output Current VoUT"J~.5V; (status 1 8) 

loUT4 Output Current VoUT4;2.5V; (status 17) 

VoUT4;Vs-2.5V; (status 16 or 18) 

louTs Output Current VoUTS ;Vs -2.5V; (status 1 8) 

VouT1·5 Output Voltage Detection Vs;13V; (status 11) 
Thresholds LOW 

HIGH 
HYSTERESIS 

TJoT Overtemperature Detection status 12- 15 
Thresholds steady state t >20ms 

IJSC Overcurrent Switch off Time 

lose Internal Oscillator Frequency 

Min. Typ. Max. Unit 

6 D. 

3.95 D. 

6 D. 

3.95 D. 

600 mD. 

395 mD. 

600 mD. 

395 mD. 

1.0 Q 

0.7 D. 

0.67 2 A 

0.67 2 A 

4 12 A 

4 12 A 

2.5 7.5 A 

5 15 mA 

5 15 mA 

5 15 mA 

80 500 mA 

-80 -500 mA 

-5 -15 mA 

4.9 0.4 Vs 5.5 v 
7.5 0.6 Vs 8.1 v 

0.2Vs v 
130 oc 

125 <TJso oc 

50 JlS 

250 KHz 

4/11 
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APPLICATION CIRCUIT DIAGRAM 
Fogure 1 : Recommended Application Circuit. 

UBAT ... ... 

i :f Ucc Ucc 

~ 

I I ::! CSN ,uc 
R/WN 
MODE 

DB 
D1 
D2 
D3 

Ucc 

~ :c CSN 
R/IJN 
MODE 

DB 
D1 
D2 
D3 

PARALLEL BUS 

FUNCTIONAL DESCRIPTION 
The L9947 is a power interface circuit designed 
for a multiplex system controlled by a parallel 11C 
bus. The bus consists of four bidirectional data 
wires DO - D3 and three control wires read/write 
(R/WN), mode (MODE) and chip select (CSN). 

L9947 

Us 1 
OUT1 

0UT2 ~ 
M1 

~ M2 
3 

L9947 
OUT4 
OUTS 

[J GND 
~ --

Us l 
OUT1 

OUT2 ~ 
M1 

~ M2 
3 

L9947 
OUT4 
OUTS 

GND r------. --lf92L994?-B2 

The device needs two supply voltages. The first 
voltage supplies the half bridges, high side driv~r 
and its driving part. The second one is a SV stabi
lized supply. The function of the device in the typi
cal operating modes is described in the following 
tables. 

5/11 -------------- L..,, ~~~;m~r::oo~~ --------------
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L9947 

Output Activating/write Table 1 

Status CSN R/WN MODE DO D1 D2 D3 OUT1 OUT2 OUT3 OUT4 OUTS FUNCTION 

1 1 X X X X X X AS AS AS AS AS Hold output behavious as 
proqrammed before 

2 lJ 0 0 0 0 0 0 T T T T T All Outputs, Standby mode 

3 H 0 0 0 0 1 0 SRC T T SNK T M1,riqht 

4 lJ 0 0 1 1 0 0 SNK T T SRC T M1,1eft 

s lJ 0 0 1 0 1 0 T SRC T SNK T M2, riqht 

6 H 0 0 0 1 0 0 T SNK T SRC T M2, left 

7 lJ 0 0 0 1 1 0 T T SRC SNK T M3,right 

8 lJ 0 0 1 0 0 0 T T SNK SRC T M3, left 

9 lJ 0 0 1 1 1 0 SNK SNK SNK SNK T Srakinq 

10 lJ 0 0 0 0 0 1 T T T T SRC High side driver 

Notes: 
Where CSN = 0 the device is (for t :=;; 1 OOJlS) transparent, in this condition any change of Data DO .... D3 
will lead to the apprpriate output response. 
Deselecting the circuit (CSN _f ) the last programmed status will be stored. 

Diagnostic I read. Table 2: 
In readout modes the port DO .... D3 is acting as an output showing the conditions detected before. 

Status CSN R/WN MODE DO D1 D2 D3 Function 

11 H 1 0 OUT1 OUT2 OUT3 OUT4 OUT1, OUT2, OUT3, OUT4; 

12 H 1 1 0 0 OT OUTS No failure, OT, OUTS; 

13 H 1 1 1 0 OT OUTS OVC1, OT, OUTS; 

14 lJ 1 1 0 1 OT OUTS OVC2, OT, OUTS; 

1S lJ 1 1 1 1 OT OUTS ovv OT, OUTS; 
orOVV+OVC1 
orOVV+OVC2 

Diagnostic I write. Table 3: 
Diagnostic modes are used to check the load status for broken or shorted wires. 

Status CSN R/WN MODE DO D1 D2 D3 OUT1 

16 lJ 0 1 0 1 0 X T 

17 lJ 0 1 1 0 0 X T 

18 lJ 0 1 0 1 1 X 10mA 
SNK 

Standby and clear I write. Table 4: 

Status CSN 

19 lJ 
20 0 

Symbols: 
1: Logic High 
O:LogicLow 
T:Tristate 
X: Don't care 

R/WN MODE 

0 0 

X X 

DO D1 D2 D3 OUT1 

1 1 1 1 T 

X X X X T 

AB: As before 
lJ Low pulse t < 10011s 
SRC:Source 
SNK:Sink 
OT: Overtemperature 

OUT2 OUT3 OUT4 OUTS 

T T 140mA T 
SRC 

T T 140mA T 
SNK 

10mA 10mA 140mA 10mA 
SNK SNK SRC SRC 

OUT2 OUT3 OUT4 OUTS 

T 

T 

T T 

T T 

OVC1: Overcurrent 1 
OVC2: Overcurrent 2 
OVV: Overvoltage 
OUTX: 

T 

T 

-High if output voltage 

Function 

ls+lcc :5 1 mA for loUT4 = 0 

Function 

Clear 

Clear, Static CSN = 0 will 
force clear status and 
standby after 1 0011s 

without respect of data 
inputs 

was >0.6Vs during test 
- Low if output voltage 
was < 0.4V5 during test 

6/11 
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Figure 2: System Startup Sequence 

Us_/ u 
Ucc 

CSN 

D8-D3~)<~x~~--~--------~-7----------------------

OUT 1 -....;.... _ ___..:.T_~-< 

OUT2 --=-----'-T---< 

OUT3 _ _._ _ __:.T __ _. 

OUT4--------'-T--~ 

OUTS __ ~----~~--~--~--~~~------~~------------
Us INCREASE ABDUE BU, 
OUTPUTS AS BEFORE IABJ 

'--Us DRDPED BELOW BU, OUTPUT STATUS UD 

: INPUT DATA LATCHED; r-
- OUTPUTS STATUS MANTAINED AFTER CSN __J 

L9947 

DEUICE ACTIUATED: INPUT DATA TRANSFERED TO THE OUTPUTS: 
LEAUING OF THE STANDBY 

-STANDBY 

~ POR STATUS, ALL OUTPUTS TRISTATE DUE TO CSN • L 

Notes: 

AB: The eame status as before the Ua was low 

T: Tr1state 
UD: Undefined outputs OUT1-DUTS 
X: High or low 

SYSTEM STARTUP (figure 2) 
It is not mandatory that Vs is present before Vee. 
With the presence of the Vee the internal logic 
would be reseted and the system restarts under 
control of the inputs. If eSN = 0 for more than 
1 OOf!s after the presence of Vee the standby 
mode is activated. Standby is also activated when 
the esN and vee would be high at the same 

time. When esN = 0 and Vee goes up, the device 
is not controlled by the bus. The outputs remain in 
tristate but the current consumption is larger than 
1 OOf!A. A high - low - signal at the esN - wire is 
mandatory to control the outputs. There is no 
undervoltage detection level for the supply volt
age VS implemented. The Vee should be ~up
plied from the same voltage supply as the drcver 
of the DO -03 pins (eg. fl. e). 

7/11 
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DATA TRANSFER AND OUTPUTS ACTIVATING 
(Figure 3) 
The half bridges of OUT1, OUT2 and OUT3 can 
be used with OUT4 to drive three bidirectional 
motors in full bridge configuration as shown in 
fig.1 Only one motor can be driven in the same 
time. The ~C writes the corresponding word 
status 1 till 10 at the bus and latch it with a low 
pulse in the L9947. So the motor is activated. To 
stop the motor it is useful to insert a braking 
phase (status 9). In the braking condition there 
are all low side DMOS of the half bridges 
switched-on in this case the flyback currents flows 
through the low side switches instead of the intrin
sic diodes of the half bridges. After that, the half 
bridges could be switched in tristate (T). The high 
side driver, OUTS can be switched only when all 

the half bridges are in tristate status 1 0. 
The ~C works always as master and the L9947 
Power Interface as slave. That means: the ~C 
starts the communication between the Power In
terface and itself with low transition at the CSN 
line. CSN = 0, RIWN= 0 the L9947 reads the data 
at the bus and execute the command as shown in 
tables 1 ,3,4 (write mode). The high slope of the 
CSN stores the last command and execute it fur
ther. All inputs are disabled if CSN= 1. 
So the bus can be used for another device. With 
CSN = 0 and R/WN = 1 the L9947 writes the 
status of the diagnostic at the parallel bus until 
CSN becomes high (table 2; status ~ + 15) (read 
mode). The power outputs maintain the same 
status as before. 

Figure 3: Signal sequence for data transfer to switch M1 right, read the output status, brake the motor 

CSN 

R/I.JN 

MODE 

00 

01 

02 

03 

OUT 1 

OUT2 

and activate the standby mode. 

WRITE 

-----x==] 

-----x==] 

-----x==] 

-----x==] 

-----x==] 

-----x==] 

T 

T 

~ 

~ 

~ 
~ 

~----~~~ uc= 
~L_--~~~ uc= 
~L_ __ _L~--~ uc= 
~L-__ -l.cx==J.--:..x:....__J_ _____ cx==l~__::.x __ .J__ ____ ..LE::..x _ 

___________ /-
T 

OUT3 

T 
OUT4 

OUT5 
!f92L994?-B5A 

------- Output act 1 va ted 

Output 1n trtstate. output voltage forced due to load connectton 

·-Output 1n tr1state 

X Htgh or lOLU, the bus LS free for the communLcatlon to other dev1ces at the bus 

T Trtstate. the bus 1sn' t dnven by any output 

8/11 --------------------------- L.,, ~~~@mg,~:V!~n ---------------------------
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BUS TIMING (figure 4) 

The bus signal must be defined t3 = 111s before 
CSN goes low. It is allowed to change the level of 
R/WN during CSN = 0. The other signals could be 
changed. To store a command it is mandatory to 
fix the DO- D3 and MODE signals tg = 111s before 
the positive edge of CSN. 
OVERCURRENT AT OUT1 - OUT5: 
The output currents of OUT1 - OUT5 are inter
nally limited. This is realized in the following way: 

Figure 4: Bus and Outputs Timing Diagram 

tt 

CSN ---,!-----l 
t3 : t4 ......... -+ 

R/WN ~ . I 

MODE 

oe-03 

t2 

t3 
+-

I 

t1 

L9947 

When the output current reaches a certain level 
(see pag ... ) the Gate - Source voltage will be 
clamped to a lower level. The output current is 
now limited and follows the output ID, UDS char
acteristic for this Gate - Source voltage. An inter
nal timer starts when the output voltage drop 
(Drain- Source) increases above 0.4Vs. 
After 1 OOjlS typ. the output is switched OFF and 
the corresponding overcurrent bit (OVC1 or 
OVC2) will be set. The outputs can be activated 
again with the next input data word. 

, n 
t~ 

: I: 

te 

OUT1-DUT_5 __________ --'><~--------------~:~~ >tristate 

~11-92-L9_9_oi?-'-B6R 

Note: THE OUTPUT VOLTAGE SLOPE IS INTERNALLY LIMITED 
TO m~x B. 2V/uo ! HOT TESTED VALUE I 

TIMING CHARACTERISTICS 

Symbol Parameter 

t, Width of CSN Low 

12 Width of CSN High 

t3 Input Siqnals Before Negative Cdr:te of CSN 

t4 Input Siqnals After Positive Edr:te of CSN 

t5 Valid Diaonost1c Data 

ts Valid Diar:tnostic Data 

t? Delay Time from Input to Power Output, VS- 13V 

ts CSN = Low Duration (Pulse Length) for CLEAR of latched Data 

tg Input Data Before Positive Edge of CSN Which Should be Latched 

t1 and Is are denved from the internal oscillator frequency 

t, vanes w1th the supply vollage Vs. relaling to the output voltage slope limitation 

(•) for t1 ;,: 1 OOJ.!S the latched data Will be reseted due to CLEAR (status 20) 

Min. Typ. Max. Unit 

20 eo· flS 

10 us 

1 I.IS 

1 us 

10 I.IS 

10 I.IS 

300 us 

100 flS 

1 J.!S 

9/11 -------------- L.,, ~~~~m~::Ol~~ --------------
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DIAGNOSTIC (TABLE 2; STATUS 11 -1S): 
The diagnostic delivers the information of the out
put voltage status (high or low) at the outputs 
OUT1 - OUTS, overcurrent, overvoltage shutdown 
and over temperature. The output voltage detec
tion is done by hysteresis comparators with thre
sholds at 0.4VS and 0.6 VS. The overcurrent 
(OVC) information is latc~ed till a new or rE!lpeated 
write command was received. The OVC1 IS set to 
high with the overcurrent conditic;m c;tt any of t~e 
half-bridge outputs. OVC2 error b1t w111 be set w1th 
the overcurrent condition at OUTS. The overvolt
age (OVV) is high till the supply voltage Vs ex
ceeds the overvoltage threshold of 20V typ. 
The overtemperature (OT) is high if the junction 
temperature is less than typ. 30 Kevin below the 
thermal shutdown junction temperature (TJso). 

DETECTION OF LOAD INTERRUPTION 
(TABLE 3): 
The outputs OUT1 - OUT4 are connected by the 
motors in the application. The outpl!t OUT4 can 
be switched as current source or smk w1th typ. 
140mA current capability (status 16 + 17). The 
sum of current consumption is <1 rnA if the output 
current lour4 = 0 (status 17). The diagnostic of 
the output voltage delivers the information if one 
or more of the half bridges is shorted to Vs or 
GND or the motor connections are interrupted. In 
status 18 the outputs OUT1 - OUT3 are switched 
as current sinks (typ. 10mA), 0Ut4 and OUtS as 
current sources (OUT4 140mA, OUTS 10mA). 
With this current the influence of leakage currents 
and oxidized contacts is eliminated. 

STANDBY (TABLE!; STATUS 2): 
The L9947 is set in standby mode with the posi
tive edge of CSN when all other inputs are low. 
All latched data will be cleared and the inputs and 
outputs are in tristate. 
The total current consumption is less than 1 OOIJA. 
CSN=O quits the standby. All latched data are 
cleared. 

CLEAR (TABLE 4: STATUS 20): 
If the chip select is low for ore than TCLR = 1 OOIJ.S, 
the internal latched data will be cleared and the 
outputs become tristate. Repetitive high low 
edges activate the inputs again. Also a broken 
CSN-wire activates this clear function due to the 
internal pull down resistor at CSN input. After a 
clear, the L9947 goes in standby and can be 

wake up with a negative edge of CSN. 

THERMAL SHUTDOWN: 
When the junction temperature increases above 
TJSD the power DMOS transistors are switched off 
until the junction temperature drops below the 
value TJso- TJHVST. 

CLAMP CURRENT OF THE POWER OUTPUTS: 
For output voltages 1 OV and larger a clamp cur
rent of appr. SOilA will flow in the power ~utl?uts 
due to the internal gate-source voltage hm1tat1on, 
when the device is not in standby. 

OVERVOLTAGE SHUTDOWN: 
When the supply voltage VS exceeds the over
voltage threshold Vsavr, typ. 20V,the outputs 
OUT1 - OUTS go in tristate condition. If the sup
ply voltage goes under the overvoltage shutdown 
treshold, the status is the same as before the 
overvoltage condition occurred. 

UNDERVOL TAGE: 
In the voltage range 2V <Vee < ~V t_he internal 
logic is reseted and all outputs go m tnst~te. Also 
ground spikes on the Vee reset the log1c. After 
an internal reset of the logic, the L9947 is control
led again by the inputs. 

GROUND INTERRUPT: 
The L9947 is protected against interruption. The 
output OUtS switches off at ground interruption. 
The outputs OUT1 - 0Ut4 are driven in full bridge 
configuration as shown in the application. There 
is no path through the load or direct to another 
ground. Thus, the device protected. 

Vee INTERRUPTION 
If the supply voltage Vs is present and Vee is in
terrupted or not supplied, than two cases can be 
distinguished: 

1 The data pins DO - D3 are not driven by the 
11C or they are low. So the outputs OUT1 -
OUTS and DO - D3 are in tristate. 

2 One of the pins DO - D3 is driven high the 
f.LC. This pin supplies the VCC pin by the 
drain-bulk-diode of the p-channel mos (fig.5). 
Depending of the CSN, R/WN and MODE in
puts some undesiderable functions can occur. 

_10_11_1 ___________ L.,, ~~~m~r::oo~~ ____________ _ 
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Figure 5: Supply Current Path at Vee Interruption 

L9947 

FROM UOLTAGE 
GENERATOR 

uc ---------------------,ucc ucc .------

PARASITIC 
:DRAIN-SOURCE 

DIODE 

INTERRUPTION 

DB ••• D3 ........................ 

I192L994?.-B?fl 

L9947 
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ST9560 
ST9561 

DATA LINK CONTROLLER 
FOR VEHICLE AREA NETWORK 

Developped With GIE PSA RENAULT 

• Multimaster contention-based bus data link 
controller 

• Fully compliant to VAN Specification 
ISO/TC22/SC3/WG1 Revision 4.0 

• Programmable bit coding: MANCHESTER-E 
plus extensions to support MANCHESTER-L 
and pulse coding 

• Supports all specified message types 

• Data Field length: 0 to 30 bytes 

" Programmable exchange speed up to 1.2 
Mbits/s 

• 16 maskable internal identifiers 

• 160 bytes User RAM 

., Bus access priority by message header buffer 
contents 

• Error handling and line diagnosis 

• VHDL model available 

• Flexible microcontroller interface: Motorola, 
Intel, Z-bus, multiplexed and non-multiplexed 

• Direct connection to ST9 microcontrollers 

• 6 to 16 1/0 lines in 44-pin version. 

• 28 pin DIP and PSO {ST9560), 
44 pin PLCC (ST9561) packages available 

August 1992 

ADVANCE DATA 

PLCC44 

(Ordering Information at the end of the Datasheet) 
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ST9560- ST9561 

Figure 1. ST9560 Pin Configuration 
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Figure 3. ST9560/ST9561 Block Diagram 
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GENERAL DESCRIPTION 
The ST9560 and ST9561 are integrated solutions 
to data-link control for the Vehicle Area Network 
(VAN) and are fully compliant to the standard 
ISO/TC22/SC3/WG1 Revision 4.0. Together with a 
microcontroller (MCU) and the appropriate line in
terface circuitry, the ST9560 and ST9561 provide 
complete functionality for the implementation of 
the VAN protocol in the DATA LINK LAYER and 
top level of the PHYSICAL layer of the 081 com
munications model. 

The ST9560 manages the transmission and the re
ception of VAN messages and also error handling 
(CRC, code violation detection, message frame 
check) and diagnosis. 

ST9560 • ST9561 

The ST9560 is the 28-pin stand alone version, in 
Plastic Dual in Line and the Plastic 8028 Wide 
package, whose MCU interface is tailored for 
microcontrollers such as ST9, ST1 0 or general 
purpose microcontrollers using a multiplexed 8-bit 
address/data bus. The ST9561 is the 44-pin PLCC 
version with a non-multiplexed bus supplementary 
capability and 1/0 port control. 
As the devices are fully compatible in their func
tionality, from this point on all references to the 
ST9560 refer to both the ST9560 and ST9561 un
less otherwise noted. 

The host MCU communicates with the ST9560 
through 4 32-byte static RAM buffers (one or two 
buffers for transmit data, 2 alternate use 32-byte 
receive buffers). 

Figure 4. ST9560 and ST9561 VAN-DLC Application Example 
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ST9560 • ST9561 

PIN DESCRIPTION 

Voo. Main Power Supply Voltage (+5V ±10%) 

Vss. Digital Circuit Ground 

XTAL 1, XT AL2. These pins connect a parallel-res
onant crystal (30MHz maximum), or an external 
source to the on-chip clock oscillator and buffer. 
XTAL 1 is the input of the oscillator and internal 
clock generator or external clock input if used; 
XT AL2 is the output of the oscillator. 

CK. Clock output (CK is XTAL 1 buffered and is not 
affected by the RST input). 

MS1, MSO. Microcontroller Bus Mode select inputs 

MS1 MSO MCU Bus Type 

0 0 Motorola like 

0 1 Intel like 

1 0 Z-bus like (ST9) 

1 1 Reserved 

CS. Chip Select input (active low) 

RIW. In Motorola and Z-bus modes, Read/Write 
input low = write from MCU). In Intel mode, Write 
Transfer synchronisation input (active low). 

OS. In Motorola and Z-bus modes, Data Strobe 
input. In Intel mode, Read Transfer synchronisa
tion input (active low). 

AS. Address Strobe input (active low in Z-bus 
mode, active high in Motorola and Intel modes) 

RST. Reset input (active low) 

IRQ. Interrupt output (push-pull, active low) 

ADO-AD7. Multiplexed Address/Data Bus. 
Data bus in non-multiplexed mode of ST9561. 

The ST9560 provides the following additional pins: 

RxD2, RxD1, RxDO. VAN bus Serial inputs from 
receiver device. 

TxD. Serial output. 

IER. Reset output for the VAN bus driver device. 

The following pins are available on the ST9561 
only. 

DIR/P1. Po.!!J configuration 
When DIR/P1 = '0', Port 1 is reconstructed. 
When DIRiPT = '1 ', Port 1 takes the Alternate VAN 
interlace functions. 
This pin includes an internal pull up. 

TXD/P1 0. Serial output 

RXDO/P11. VAN bus serial input 

RXD2/P12. VAN bus serial input 

RXD1/P13. VAN bus serial input 

CKBIT/P14. Sample clock bit of sampled data 

CKTS/P15. Time slot Clock 

CK16/P16. Fbase Clock 

IER/P17. Reset output for bus driver 

DMX/PO. Port 0 configuration 
When DMX/PO = '0', Port 0 is used as address bus 
(non-multiplexed micro interface) 
DMX/PO = '1 ': Port 1 is reconstructed 
This pin includes an internal pull-up. 

POO-P07. General Purpose 8-bit 1/0 port in stand
ard mode, Address Bus 1/0 in non-multiplexed 
mode. 

SERI. Serial output decoded VAN data. 
(I DEN, COM, DATA) 

ADE. When bit MASK of register MRR is set and 
ADE = '1' , the frame passes the acceptance filter. 

AKE. When bit MASK of register MRR is set and 
AKE = '1' , an acknowledge is sent. 

_41_32~---------- ID'l SGS·THOMSON 
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O.S.I. MODEL AND ST9560/61 

The Open System Interconnection model stand
ardized by ISO is subdivided into 7 functionnal 
layers. The scope of the VAN standard, as sub
mitted to ISO/TC22/SC3/WG1, is the Data Link 
and the Physical layers (see Figure 5). The Data 
Link layer is in turn subdivided into 2 sub-layers, 

ST9560 - ST9561 

the Medium Access Control (MAC) and the Logical 
Link Control (LLC). The ST9560/61 handles the 
MAC sub-layer and the upper part of the Physical 
layer (bit encoding/decoding). The LLC sub-layer 
and the upper layers of the OSI model are handled 
by the host processor software. 

Figure 5. VAN description according to the OSI model and scope of the ST9560/61 
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ST9560 - ST9561 

FUNCTIONAL OVERVIEW 

TheST9560 

ST9560 is composed of nine major blocks: 
(see block diagram) 

- Memories (XBFO, XBF1, RBFO, RBF1, IDEN) 

- Micro interface with interrupt logic 

- Interface Management Logic (transmit and re-
ceive) 

- Bit Stream Processor (transmit and receive) -
Transceiver Control Logic 

- Error Management Logic 

- Bit Timing Logic and clock circuitry 

- Diagnosis circuitry 

- 1/0 ports. 

Figure 6. Detailed Block Diagram 

• :only available in 44-pln vers1on 

Memories 
The host MCU stores the frames to transmit in a 
32-byte static RAM used as a transmit buffer 
(XBFO or XBF1 according to user choice). Re
ceived frames are loaded by the ST9560 in a 
double 32-byte static RAM (RBFO and RBF1 ), 
transparently seen as only one buffer from the 
MCU interface (the user can select the first and the 
last transmit byte addresses, thus choosing the 
size of the data message). 

In addition to DATA memories containing the 
frame buffers, a 32-byte RAM (IDEN) containing 
up to 16 identifiers is provided. 

A set of 18 registers including status, command 
and identifier masks allows the host to manage the 
serial interface operation. 

For the ST9561, another set of 6 registers allows 
the host the control of two 8-bit (maximum size) 1/0 
ports. 

VA001762 

_6,_32 _____________ LU ~~~~m~v~li!~~ 
428 



FUNCTIONAL OVERVIEW (Continued) 

ST9560 Micro Interface 

Two versions are provided: 

- a 28-pin stand alone version (ST9560), whose 
micro interface is tailored for micro such as 
ST9, ST1 0 or general purpose microcontrollers 
using a multiplexed 8-bit address/data bus. 
The host communicates with ST9560 with 32-
byte ram buffers (one or two buffers for trans
mit data, 2 alternate-use 32-byte receive 
buffers), 

- a 44-pin version (ST9561) with non-multiplexed 
bus supplementary capability for host proces
sors with non-multiplexed buses and 1/0 port 
control. 

Direct interface to three popular MCU buses is 
configurable by two mode select lines, MSO and 
MS1. These lines are to be hardwired to a logic one 
or zero in the application circuit to suit the bus con
figuration of the host. 

Interface Management Logic 

The interface management executes commands 
from the host and controls the data transfers on the 
serial bus. 

Control, status and interrupt registers are used by 
the interface management. 

Bit Stream Processor (BSP) 

The bit stream processor controls the data stream 
between the interface (parallel data) and the serial 
bus. 

A 32-byte identifier RAM contains up to 16 ident
ifiers. When a message is received, the bit stream 
processor reads the identifiers loaded in RAM and 
performs the acceptance filter function. The identi
fier, command and data field are stored in RAM 
only if the message has an identifier which passes 
the acceptance filter. 
The processor controls reception, arbitration, 
transmission and error signalling. The ST9560 
cannot transmit in-frame responses. 

Timing Logic 

This block performs the synchronization functions 
according to the VAN specification. Each data bit is 
encoded and decoded according to its time slot 
representation. The rules of synchronization de
pend on the received signal. 

Transceiver Control Logic 

This block consists of bit coding/decoding accord
ing to the programmed type of encoding. 

ST9560 - ST9561 

Error Management Logic 

The different types of error (monitoring, CRC, code 
violation) are reported by the Bit Stream Processor 
and are passed to the interrupt management logic. 

Diagnosis 

This block monitors the states of the TXD and the 
three RxDi inputs (i = 0-2) and processes the sam
pled data in order to diagnose any potential VAN 
bus defects. 
According to user choice (as under program con
trol) degraded transmission modes can be chosen. 

The three RxDi inputs provide different information 
on the VAN bus. RxDO give the true differential 
logical information. RxD1 and RxD2 provide logical 
information from each of the two bus wires (using a 
threshold operation). The diagnosis logic performs 
the following functions. 

- Digital filtering (on successive samples) in 
order to eliminate noise spikes. 

- Transition analysis (synchronous, asyn-
chronous protocol). 

- Decision logic in order to select (automatically 
or not) a degraded mode (monofilar) or to de
tect that transmission is impossible and to go 
back to the normal differential mode using the 
TOP DIAG clock. 

Control and status bits are provided to manage the 
operation of the diagnosis logic. 

Clock Generator 

The on-chip clock generator consists of an oscilla-
tor and clock divider register. The buffered output I 
of the oscillator is passed through the CK pin. The 
optimum use of this signal is to drive the oscillator 
of the host MCU, reducing the need for a second 
oscillator circuit. 

110 Ports 

The ST9561, 44-pin version, contains two addi
tional standard 8-bit 1/0 ports. 

Port 0 can be used as a standard 1/0 port when the 
multiplexed bus is used, allowing recreation of the 
host port used for the 9560 interface, or as the LSB 
byte address inputs AO-A7 if the non-multiplexed 
mode is selected. 

Port 1 can be used as a standard 8-bit 110 port, or 
to output the VAN interface signals. 

The ST9561 110 ports are controlled via data regis
ters (one per port) and configuration registers (two 
per port). 

--------------~ ~~~~m~::I!~J: 7/32 
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ST9560- ST9561 

VAN OVERVIEW 

In order to better understand the function of the 
ST9560, a short description of the relevant parts of 
the VAN protocol is provided here. 

The VAN bus. 

The VAN protocol implemented in the ST9560 is a 
superset of the standard ISO!TC22/SC3/WG1 ver
sion 4.0 and uses an access method which is multi
access based on non-destructive collision with 
bit-wise arbitration. All data is transferred inside 
frames. 

Two consecutive frames are separated by an Inter
Frame Space. The ST9560 can send an in-frame 
request and process the in-frame response from 
another device, the ST9560 can not itself send an 
in-frame response. 

VAN bus logical levels 

The serial bus has two states: recessive and 
DOMINANT. 

If two (or more) VAN modules send simulta
neously, the resulting state of the bus is RE
CESSIVE only if all transmitters send recessive 
bits at the same time. 

If one (or more) transmit dominant states, the re
sulting state of the bus will be DOMINANT. 

Inside the ST9560 a dominant bit is represented by 
a logical ·o· and a recessive bit by a logical '1'. 

CODING I DECODING 

Two types of encoding can be programmed by the 
host (Mode Control Register): 

- MANCHESTER_L 

- ENHANCED MANCHESTER 
(MANCHESTER-E) 

Each of these two encoding modes can be com
bined with two time slot encoding modes: 

- standard VAN (e.g. wire-based applications) 

- pulsed (e.g. Optical based applications) 

The base clock fbase is obtained from the local 
clock oscillator after user-programmable division. 

The bit is encoded and decoded according to its 
time slot representation. 

The Time Slot is the time duration of 16 Fbase 
periods 

TIME-SLOT in VAN STANDARD coding 

In this type of coding a logical '0' is represented by 
a low state during the whole time-slot and a logical 
'1' by a high state during the whole time-slot. 

TIME-SLOT in PULSE encoding: 

In this type of coding, a logical '0' is represented by 
a low state during the first 1/Bth of the time slot (2 
periods of Fbase). 

A logical '1' is represented by a high state during 
the whole time slot. 

Bit synchronisation 

The synchronisation rule is based on the received 
signal edges and is the same for all the modules. 
During the sending of the preamble the synchroni
sation rule is disabled. 

The 3 main points of time slot are: 

resynchronisation point (located at 2/16 of time 
slot duration in standard mode, at 4/16 of time 
slot duration in pulsed mode) 

- sample point (located at 11/16 of time slot dur
ation). 

- transmit point. 

_81_32 ___________ ID SGS·THOMSON 
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Figure 7. Time slot reprsentation in VAN standard coding and pulse coding 
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ST9560 - ST9561 

VAN OVERVIEW (Continued) 

Bit Representation 
BIT REPRESENTATION in MANCHESTER_L: BIT REPRESENTATION in MANCHESTER_E: 

- a logical '1' is coded as a '1' state during one 
time slot followed by a '0' state during one time 
slot. 

In this type of coding, bits are not coded individ
ually but by nibble; 4 bits being encoded with 5 time 
slots. 

- a logical '0' is coded as a '0' state during one 
time slot followed by a '1' state during one time 
slot. 

- The three first bits are NRZ coded and the last 
bit of the nibble is MANCHESTER_L encoded. 

As a consequence, a 1.25 time slot average is 
necessary to encode one bit. As a consequence, 2 time slots are necessary to 

encode one bit. 

Figure 9. Bit Representation in Manchester L 
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VAN OVERVIEW (Continued) 

DESCRIPTION OF VAN FRAMES 

Data Frames 

Each frame is formed in a single format and is com
posed of following fields: 

Start Of Message, Identifier, Command, Data, 
Frame Check Sequence, End Of Data, Acknow
ledge, End Of Message. 

1) SOF: Start Of Frame 

The Start Of Frame delimiter marks the beginning 
of the frame and allows synchronization for recep
tion. 

SOF is made of a preamble and a start bit. The pre
amble gives a common time reference for clock 
error confinement while the start bit initializes the 
frame. 

SOF must be preceded by the IFS field (4 re
cessive time-slots). 

The Preamble comprises of 4 dominant time slots 
followed by 4 recessive time slots. 

The Start bit comprises of 1 dominant time slot fol
lowed by 1 recessive time slot. 

2) ID: IDentifier: The identifier is a 12-bit field used 
to specify the frame's identification. 

The identifier of a frame to be transmitted is pro
vided by the host. 

3) COM: COMmand: 

This is a 4-bit field whose meaning is as follows: 

Table 1. Command Field Description 

ML ME Meaning 

EXT 1 1 Reserved for future 
extensions 

RAK 
1 1 acknowledge request 
0 0 acknowledge not requested 

RNJ 
0 1 read request 
1 0 write request 

RTR 
0 0 data transmission 
1 1 remote transmission request 

Note· 

ML: MANCHESTER_Lencod1ng 

ME: MANCHESTER_Enhanced encoding 

ST9560 - ST9561 

- EXTension: a reserved bit set to '1' (recessive 
state) 

- RAK: Request AcKnowledge: this bit deter
mines whether the sending module requests 
that a receiver module acknowledges success
ful reception of the frame. 

RAK = '1 ':acknowledgement is requested 

RAK = '0': acknowledgement is not requested 

- R/W: this bit indicates whether the frame sent 
is a write or a read request 

- RTR: Remote Transmit Request 

If the bit is '0', the frame sent contains LLC-Ievel 
data. If the bit is '1 ', the frame contains no data, 
and is interpreted as an in-frame request to send. 

4) DATA field: the data field consists of a sequence 
having a whole number of bytes. The content of 
this field is provided by the LLC sublayer. 

5) FCS: Frame Check Sequence 

CRC (Cyclic Redundancy Check) is used in there
ceive and transmit procedures to detect any indi
vidual errors or packet errors. 

The FCS field is a 15-bit field containing check bits. 

The encoding is defined by the polynomial gener
ator: 

x'5 + x'' + x'o + xg + xa + x7 + x4 + x3 + x2 +1. 

The CRC calculation includes the identification, 
command and data fields. 

In transmit mode, the data bits are subjected to an 
encoding process, which is equivalent to division I 
by the polynomial generator. The remainder ob-
tained (ones complemented) is sent on the bus im
mediately after the data, in decreasing order of 
terms. 

6) EOD: End Of Data 

This field marks the end of the fields transmitted by 
the sender, i.e the following fields: identifier, com
mand, LLC data, and FCS fields. It therefore deter
mines the length of LLC data sent in the frame. 
This field is made of two consecutive dominant 
time slots. 

7) ACK ACKnowledge 

- positive acknowledge consists of one recessive 
time slot followed by a dominant time slot. 

- absent acknowledge consists of two consecu
tive recessive time slots. 

8} EOF End Of Frame marks the end of the frame. 

It consists of eight consecutive recessive bits. 

---------------------------- ~~~~;~~~gg~ _________________________ 1_1_13_2 

433 



ST9560 - ST9561 

VAN OVERVIEW (Continued) 

Figure 11. VAN frame structure 
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Figure 12. VAN Frame field signal coding 
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VAN OVERVIEW (Continued) 

ARBITRATION 

In the case where two or more ST9560s start 
transmission concurrently, the bus access conflict 
is solved by a bit-wise arbitration method. The 
transmit logic compares the bit level transmitted to 
the bit level monitored on the bus. The transmit 
logic stops transmission if a recessive bit was sent 
and a dominant bit was monitored. This method 
guarantees transmission of the message with the 
highest priority even if there is a collision without 
loss of time. 

As a result the identifier not only indicates the des
tination of the message but also its priority. 

In case of loss of arbitration, the ST9560 continues 
to monitor the bus and when the bus is free, it tries 
again to send the message. 

The arbitration process described above covers 
the fields: 

- IDEN, COM, DATA, FCS 

The halting of transmission in the case of a loss of 
arbitration does not stop the reception process, 
allowing the in-frame response mechanism to 
operate. 

Figure 13. In-frame response description 
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Request/Response Frames 
ST9560 is able to send request/response frames. 

Such a frame is characterized by a data field of 
zero length, and by a command field for which the 
RJW and RTR bits have the following values: 

R/W designates a read mode. 
RTR is specified as remote request. 

In the event of an in-frame response, the initiator 
sends the frame part including IDENTIFIER and 
COMMAND fields. 

The response part of frame generated by the 
polled answering module, contains the following 
fields: 

- a dominant RTR bit whose value is superim-
posed on the recessive bit of the request. 

- a data field 

- an FCS sequence 
Superposition of the two parts of the frame (re
quest and in-frame response) gives a frame on the 
bus which has a structure in compliance with the 
general frame structure. 

The ST9560 cannot send in-frame responses. 

i RTR = recessive 
' i 

Receiving Module FCS roo I~ I EOF 

Resulting frame on the network 

RTR dominant -

E R R R A 
SOF I DEN X A I T DATA FCS EOD c EOF 

T K w R K 
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ST9560 · ST9561 

VAN OVERVIEW (Continued) 

ERROR HANDLING 

Error Detection 

The ST9560 is equipped with several error mech
anisms, implemented in hardware for efficiency 

Note: Receive errors are reported only if the frame 
identifier is accepted. 

Coherence of Reception Error 

This error corresponds to the detection of an inco
herence between the three receive inputs. 

Code Violation Error 
An error is detected on one of the bits of the binary 
or data fields of the frame (!DEN, COM, OAT, 
FCS). 
This type of error occurs when the time between 
two transitions is less than 12/1 6 of time slot dura
tion. 
If such an error is detected during transmission, 
then bit TCVL of the Error Transmit Register is set. 

If such an error is detected during reception of a 
message having passed the acceptance filter, bit 
RCVL of the Error Receive Register is set. 

CRC Error 
A Cyclic Redundancy Check is used in the transmit 
and receive procedures to detect any individual or 
packet errors in the messages transmitted. 

The FCS is a 1 5-bit field, the remainder of the divi
sion by the generator polynomial: 

x 15 + x 11 + x 10 + x9 + xs + x7 + x4 + x3 + x2 + 1 

The CRC calculation is made on the fields: 

- !DEN, COM, DATA 

Figure 14. Line-Interface Diagnosis Schematic 

ANALOG 
FILTER 

VAN BUS 

In transmit mode the FCS field is sent onto the line 
immediately after the data bits. 

The receiver computes the CRC again. If both 
CRC, transmitted and computed by the receiver 
are different, an error has occured. 

If such an error is detected during transmission, bit 
TCRC of the Error Transmit Register is set. 

If such an error is detected during reception of a 
message having passed the acceptance filter, bit 
TCRC of the Error Receive Register is set. 

DIAGNOSIS 

The three RxDi inputs provide three different infor
mation states on the bus. RxDO gives the true dif
ferential logical information. RxD1 and RxD2 
provide logical information from each of the two 
bus wires (with a threshold operation). 

The diagnosis block logic performs the following 
functions: 

- digital filtering (on 5 successive samples) in 
order to eliminate spikes 

- transition analysis (synchronous, asyn-
chronous, transmit, protocol) 

- decision logic in order to select (automatically 
or not) a degraded mode (monofilar) or to de
tect that transmission is impossible and when 
to go back to the normal differential mode with 
the help of the TOP DIAG 'clock'. 

Control and status bits are provided to manage the 
operation of the diagnosis logic. 

ST9560/61 

RXDO 

RXD1 

RXD2 

TXD 

DATA+ 

DATA- VR001733 
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ST9560 MICRO INTERFACE 

Two ST9560 versions are provided, both having 
the same VAN controller core and different micro 
interface. 
A first version, a 28-pin one, is the stand alone ver
sion which is able to interface with different micropro
cessors such as ST9 and other general purpose 
microcontrollers such as Motorola 68HC11 or Intel 
8a51. 

Figure 15. Micro Interface Schematics 

MULTIPLEXED 
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ST9560 - ST9561 

It uses an 8-bit address/data bus multiplex~ and sev
eral control lines (ALE, RD or DS, WR or RW, CS) and 
system lines (RST, IRQ). 
A second version, a 44-pin one, is also available 
offering a multiplexed/non-multiplexed bus selec
tion. The remaining pins are used as standard 1/0 
pins which can be configured as standard I/O's or 
alternate function outputs. 

NON-MULTIPLEXED 

=====]INTEL BUS~==== 

·o· '1' 

ft...o----f1RD 

[J...o----[J WR 

DO-D? 

MOTOROLA BUS 
====~ F===== 

·o· ·o· 

R/W 
n..,__--n DS 

DO-D? 

"-.r--L AO-A7 
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[J.<~-[1 R/W 
DS 

DO-D? 

'1' ·o· 
VR001737 
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ST9560 - ST9561 

FUNCTIONAL DESCRIPTION 

Memory Mapping 
The 160 bytes of on-chip RAM is divided into three 
areas: 

- 2 x 32-byte receive buffers. Both of these buf
fers are located at the same logical addresses 
from address 32 (20h) to address 63 (3Fh). 

- 2 x 32-byte transmit buffers. The buffers are lo
cated from address 64 (40h) to address 95 
(5Fh) for transmit buffer 1 and from address 96 
(60h) to 127 (?Fh) for transmit buffer 0. Only 
one buffer is used at any time and is user se
lectable. This allows the precreation of certain 
messages, perhaps error or warning frames, 
held in one transmit buffer until needed, the 
second buffer being used for normal transmit 
functions. 

- 32-byte identifier buffer. This buffer is located 
at the same addresses as the receive buffers. 

Command and status registers are located from 
address 0 to 19 (13h). 
Locations 20 to 23 are not used (13h to 17h). 

The locations 24 to 31 hold the 1/0 port registers of 
the ST9561 (14h to 1 Fh). These addresses must 
not be used in the ST9560. 

ST9560 Memory mapping 

Function Address (hex) 

Transmit Buffer 0 7F 

XBFO 60 

Transmit Buffer 1 SF 

XBF1 40 

Identifiers/ 3F 
Receive Buffer 
IBUF/RBUF0/1 20 

1/0 Control Registers 1F 

(ST9561 only) 18 

17 
Reserved 

14 

Control/Status 13 

Registers 
00 

Control and Status Registers 
18 registers, located at lowest addresses, both 
command and status, are provided for manage
ment of ST9560: 

All unused address locations are reserved for fu
ture use. 

Table 2. Registers 

Register/Function Address 

General Purpose 

System Control Register SCR DOh 

Mode Control Register MCR 01h 

Physical Control Reg1ster PCR 04h 

Interrupt registers 

Enable Interrupt Register EIR 05h 

Status Interrupt Register SIR 06h 

Reset Interrupt Register RIR 07h 

Receive Registers 

Mode Received Register MRR 08h 

Status Received Register 1 SRR1 09h 

Status Received Register 2 SRR2 OAh 

Error Received Register ERR OBh 

Mask Registers 

MSBofMaskO MSBMO OCh 

LSB of MaskO LSBMO ODh 

MSBo!Mask 1 MSBM1 OEh 

LSB of Mask 1 LSBM1 OFh 

Transmit Registers 

Mode Transmit Register MTR 10h 

Command Transmit Register CTR 11 h 

Status Transmit Register STR 12h 

Error Transmit Register ETR 13h 

16/32 ~ SliS-lliOMSON 
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FUNCTIONAL OECRIPTION (Continued) 

SCR System Control Register 
address OOh (read/write register) 

7 

I ABORT I RESET I RES I RES I M3 I M2 M1 

0 

MO 

b? = ABORT. This bit has no action when = '0', 
when set to '1' transmission is stopped after the 
end of the current transmission if transmitting a 
frame or immediately if not. This bit is identical in 
function to ABORT1 in CTR and is logically OR'ed 
with it. 

b6 = RESET. Setting this level-sensitive bit to '1' 
generates an internal hardware reset of the 
ST9560, equivalent to the low state on the hard
ware RST pin. 

All bits of control registers are set to '0', with the ex
ception of the I NIT and Tl interrupts which must be 
cleared before starting initalisation and communi
cation. The contents of the RAM buffers are un
defined and should be initialised by the host MCU. 
POC1, P1 C1, POD and P1 D registers are set to 
"FFh". 
This bit has no action when= '0'. 

b5-b4 = RESERVED 

b3-b0 = M3,M2,M1 ,MO. Mode select The bits in 
this field set the type of coding used for trans
mission and reception as shown in table 4. 
The VAN standard coding is intended for wire 
transmission and the pulse coding is adapted to 
fibre-optic transmission. 

NOTE: The reserved bits of read/write or 
write-only registers should be forced to 0. 
These bits are shown as RESERVED in 
the register descriptions. 

ST9560 - ST9561 

MCR Mode Control Register· 
address 01 h (read/write register) 

7 0 

b? = PRESC. Prescaler When this bit is '0', the 1/3 
prescaler is disabled, setting this bit to '1' enables 
the 1/3 prescaler (see Figure 21 ). 

b6-b4 = C02, C01, COO. Clock Divider These 3 
bits set the division ratio of the oscillator clock 
divider to generate the FsASE clock. They are 
coded as log2 (CD2-CDO) as shown in Table 3. 

b3-b1 = TOOIV2-TOOIVO. Top Diag Divider. These 
3 bits are written by the host to define the period of 
the TOP DIAG clock used in line diagnosis. The bit 
clock is divided in order to generate TOP DIAG 
clock. 
The division rate depends of TDDIV2, TDDIV1, 
TDDIVO value as shown in Table 5. 

bO = TOIAG. Top Diag When TOP DIAG is set to 
'1' by the host, a pulse is generated into the line di
agnosis part. This pulse is used to generate an in
ternal clock (FMS). In a period between 2 TOP 
DIAG pulses, every module able to transmit a 
frame should have transmitted a minimum of one 
frame. If no response is detected within this time, 
the network may have a major problem. 

Table 3. Clock Divider Ratio (CDDIV) 

C02 CD1 coo Divider 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

17/32 ------------ W'/ SCS·THDMSON 
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ST9560 • ST9561 

FUNCTIONAL DECRIPTION (Continued) 

Table 4. Line Interface Mode select 

M3 M2 M1 MO Type Of Coding 

0 0 0 0 E-MANCHESTER (standard) 

0 0 0 1 L-MANCHESTER (standard) 

0 0 1 0 E-MANCHESTER (pulse) 

0 0 1 1 L-MANCHESTER (pulse) 

Note: All other combinatrons are reserved for future types of communication 

Table 5. Top Diagnostic Clock divider 

TDDIV2 TDDIV1 TDDIVO TOP DIAG Clock (11 

0 0 0 NOCLOCK(21 

1 0 0 100ms 

0 1 0 200ms 

1 1 0 400ms 

0 0 1 BOOms 

1 0 1 1.6s 

0 1 1 3.2s 

1 1 1 6.4s 

Notes: 1. These penods are calculated forE-MANCHESTER coding w1th a 100 kT/s rate 

2 DrrectTOP DIAG Pulse 

_18_1_32 _____________ ~iii ~~~~m~vr::~~?:i 
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Fibre Optic 

Fibre Optic 

Frequency Division 

-

8.192k 

16.38k 

32.77k 

65.54k 
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262.1k 
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FUNCTIONAL DECRIPTION (Continued) 

PCR Physical layer Control Register 
address 04h (read/write register) 

7 0 

I TPOL I RPOL I IER I RES I RES I RES I RX1 RXO 

b7 = TPOL. Transmit Polarity In order to accomo
date line interfaces which change the polarity of 
the transmission, this bit allows the automatic in
version of the data transmitted by the TxD pin. 
When TPOL = '0' TxD has standard polarity (domi
nant= '0', recessive = '1 '), when TPOL = '1' TxD 
has the inverse polarity (dominant= '1 ', recessive 
= '0'). 

b6 = RPOL. Receive Polarity This bit controls the 
polarity of the three RxDi inputs. 
When RPOL = '0' the RxDi inputs have direct po
larity, when RPOL = '1' they have inverse polarity. 

b5 = IER. Line Tranceiver Reset This bit sets the 
logic state of the output pin IER. It may be used as 
the reset signal to the external line circuitry. 

b4-b2 = RESERVED 

b1-b0 = RX1, RXO. Receiver Input Select 

RX1 RXO Function 

0 0 RxDO selected as serial input 

0 1 RxD1 selected as serial input 

1 0 RxD2 selected as serial input 

1 1 automatic selection of serial input 

EIR Enable Interrupt Register 
address 05h (read/write register) 

7 0 

I GIE I RES I FTIE I RES I TIE I FRIE I OVIE I RIE 

All bits are active high to enable the interrupt. 

b7 = GIE. Global Interrupt Enable. All interrupt en
able bits are OR'ed with GIE. 

b6 = RESERVED 

b5 = FTIE. Failed Transmit Interrupt Enable 

b4 = RESERVED 

b3 = TBEIE. Transmit Interrupt Enable 

b2 = FRIE. Failed Receive Interrupt Enable 

b1 = OVIE. Overrun Interrupt Enable 

bO = RIE. Receiver Interrupt Enable 

ST9560 · ST9561 

SIR Status Interrupt Register 
address 06h (read-only register) 

7 0 

I IRQ I !NIT I FTI I RES I TBEI I FRI OVI I RDAI 

All bits are active high. To clear a set interrupt 
status bit, it is necessary to write a '1' to the corre
sponding bit in the Reset Interrupt Register RIR. 

b7 = IRQ. Interrupt (logical OR of the 6 interrupt 
sources) 

b6 =I NIT. Initialisation Interrupt. This bit is set to '1' 
on RESET (internal or external). It must be cleared 
by writing to the corresponding bit in RIR at the be
ginning of the host initialisation of the ST9560. 

b5 = FTI. Failed Transmit Interrupt. An error in a 
frame being transmitted will set this bit. This error 
can be: 

- discrepancy between RxDO, RxD1 and RxD2, 

- CRC error, 

- code violation 

as indicated in Error Transmit Register ETR. 

b4 = RESERVED 

b3 = TBEI. Transmit Buffer Empty Interrupt After a 
frame has been successfully transmitted, this bit is 
set to indicate completion and the transmit buffer 
selected is available for another message. 
This bit is set to '1' on RESET (internal or external). 
It must be cleared by writing to the corresponding 
bit in RIR at the beginning of the host initialisation 
of the ST9560. 

b2 = FRI. Failed Receive. An error causing a failure I 
to make a valid reception of a frame will set this bit. 
The specific errors are flagged in the Error Receive 
Register ERR. 

b1 = OVI. Overrun. This flag is set when the 2 re
ceive buffers are filled with accepted incoming 
frames and a third incoming frame has passed the 
acceptance filter before the host has released a re
ceive buffer. 

bO = RDAI. Receive Data Available. This bit is set 
when an accepted incoming frame is available in a 
receive buffer. To release the buffer the host has to 
read the message contents and to clear RDAI by 
setting the RDAIC bit of the Reset Interrupt Regis
ter RIR to '1 '. 

____________ W SCS-THOMSON ___________ 1...::.9...::..::/32 
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ST9560 - ST9561 

FUNCTIONAL DECRIPTION (Continued) 

RIR Reset Interrupt Register 
address 07h (write-only register) 

7 0 

I RES IINITC I FTIC I RES I TIC I FRIC I OVIC I RDAIC I 

Interrupts are cleared one FeASE cycle time after 
the corresponding bit in this register is set to '1 '. 

b7 = RESERVED 

b6 = INITC. Clear /nit Interrupt 

b5 = FTIC. Clear Failed Transmit Interrupt 

b4 = RESERVED 

b3 = TIC. Clear Transmit Interrupt 

b2 = FRIC. Clear Fail Receive Interrupt 

b1 = OVIC. Clear Overrun Interrupt 

bO = RDAIC. Clear Receive Data Available Inter
rupt 

MMR Mode Receive Register 
address OBh (read/write register) 

7 0 

I sA IREs I MF IRESIREsiREsiRES RES 

b7 = BA. Buffer Access This bit controls the host 
access to the two parallel 32byte RAM areas hold
ing the identifiers and the receive buffer between 
addresses 20h and 2Fh as shown in Table 6. 

b6 = RESERVED 

b5 = MF. Mask Filter If an external acceptance 
identifier filter is used with the additional signals 
ADE and AKE available with the ST9561, this bit 
disables the internal filtering. 

b5 = '0' normal mode 
b5 = '1 ' every identifier on the VAN bus is recog
nized by the ST9561 when ADE = '1' (frames with 
RAK = '1' correctly received are acknowledged) 

Note: The ADE input is not externally available for 
the ST9560 and the ADE input is always pulled 
high, thus setting the MF bit of the ST9560 will 
cause all incoming frames to be accepted. 

b4-b0 = RESERVED 

SRR1 Status Receive Register 1 
address 09h (read-only register) 

7 D 

I ADA I RES I RES I RES I IN3 I IN2 IN1 INO 

b7 = RDA. Receive Data Available When set to '1 ', 
this bit indicates a received frame is available in the 
receive buffer. 

b6-b4 = RESERVED 

b3-b0 = IN3-INO. Identifier Number (b3 = MSB) 
Filtered identifier index number into the Identifier 
RAM. This value is used by the host MCU as the 
index to the identifier in the RAM which has 
matched (after masking) the identifier field of the 
incoming frame. The identifier number is based 
upon the user allocation of the 16 identifiers in the 
Identifier RAM. 

SRR2 Status Receive Register 2 
address OAh (read-only register) 

7 0 

b7 = RDA1 This bit has the same meaning as RDA 
in SRR1. 

b6-b5 = RESERVED 

b4-b0 = LRBP4-LRBPO. Last Received Byte 
Pointer(b4 = MSB) This field is programmed by the 
ST9560 to indicate the address of the last byte re
ceived in the receive buffer. This provides the 
message length. 

Table 6. Buffer Access Bit 

BA Host Read Host Write 
20h-2Fh 20h-2Fh 

0 Receive buffers Identifiers 

1 Identifiers Identifiers 
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FUNCTIONAL DECRIPTION (Continued) 

ERR Error Received Register 
address OBh (read-only register) 

7 0 

I RF I OVR I RCVL I RES I RCRC I RDS1 I RDSO I RVP 

All bits of this register are active high. They are 
reset when clearing the Failed Receive Interrupt 
(FRI of SIR) by writing a '1' to FRIC of RIR. 

b7 = RF. Receive Failure This bit indicates (when 
set) that the last ·reception has failed, causing a 
Failed Receive interrupt request. 

b6 = OVR. Overrun This flag is set when the 2 re
ceive buffers are filled with accepted incoming 
frames and a third incoming frame has passed the 
acceptance filter before the host has released are
ceive buffer. This is physically the same bit as OVI 
in SIR. 

b5 = RCVL. Receive Code Violation This bit indi
cates (when set) that a code violation has been de
tected during reception. A code violation can be an 
incorrect SOF pattern or an incorrect Manchester 
bit. 

b4 = RESERVED 

b3 = RCRC. Receive CRC Error This bit indicates 
(when set) that a CRC error has been detected 
during reception. 

b2-b1 = RDS1, RDSO Receive Data Status 

RDS2 RDS1 Function 

0 0 RxDO selected 

0 1 Rx02 selected 

1 0 RxD1 selected 

1 1 Major Error, No communication 

bO = RVP Receive Physical Violation This bit indi
cates (when set) that an incoherence has been de
tected between RxDO, Rx01 and Rx02 during 
reception. 

ST9560 · ST9561 

MSBMO MSB Mask Register 0 
address OCh (read/write register) 

7 

b7-b0 = MSK0.11-MSK0.4 MSB ofMASKO 

LSBMO LSB Mask Register 0 
address ODh (read/write register) 

0 

7 0 

I MSKO 31 MSK0.21 MSKO 1 I MSKO.O I RES I RES RES RES 

b7-b4 = MSK0.3-MSKO.O LS Bits of MASK 0 

b3-0 = RESERVED 

Each bit set to '1' in Mask register 0 enables the 
comparison of the corresponding bit of the re
ceived message identifier to the corresponding bits 
in the identifiers in the identifier RAM when the 
ST9560 performs the internal message accept
ance filtering function. 
Mask 0 is selected by bits RCM1 = '0' and RCMO = 
'1' for each identifier. 

MSBM1 MSB Mask Register 1 
address OEh (read/write register) 

7 

b7-b0 = MSK1.11-MSK1.4. MSB of MASK 1 

LSBM1 LSB Mask REGISTER 1 
address OFh (read/write register) 

7 

0 

0 

I MSK1 31 MSK1.21 MSK1.1 I MSK1.0 I RES I RES RES RES 

b7-b4 = MSK1.3-MSK1.0. LS Bits of MASK 1 

b3-b0 = RESERVED 

Each bit set to '1' in Mask register 1 enables the 
comparison of the corresponding bit of the re
ceived message identifier to the corresponding bits 
in the identifiers in the identifier RAM when the 
ST9560 performs the internal message accept
ance filtering function. 
Mask 1 is selected by bits RCM1 = '1' and RCMO = 
'0' for each identifier. 

21/32 

443 

I 



ST9560 · ST9561 

FUNCTIONAL DECRIPTION (Continued) 

MTR Mode Transmit Register 
address 1 Oh (read/write register) 

7 0 

l~lelul~l~l~l~l~l 
b? =RANK. VAN Rank Select When the ST9560 is 
configured in the with RANK= '0', it is a VAN au
tonomous module and can transmit (if the RTS bit 
is set) as soon as the bus is free. 
When the ST9560 is configured with RANK= '1 ',it 
is a VAN synchronous access module and can 
transmit only if a Start Of Frame generated by an
other module is detected on the network. 

b6 = RESERVED 

b5 = BUF. Transmit Buffer Select When BUF = '0', 
Transmit buffer 0 (XBFO) is used 
When BUF = '1 ',Transmit buffer 1 (XBF1) is used 

b4-b0 = FTBP4-FTBPO. First Transmit Byte 
Pointer This field is programmed by the host MCU 
to select the first byte to transmit in the selected 
Transmit buffer. Once transmission commences, 
the data to send will be taken from the buffer at in
crementing addresses until the address is equal to 
the Last Transmit Byte pointer in the CTR register. 

CTR Control Transmit Register 
address 11 h (read/write register) 

7 0 

I RTS IABORT11 RES I LTB4 I LTB3 I LTB2 I LTB1 I LTBO 

b? = RTS. Request To Send When RTS is set by 
the host, the ST9560 commences the transmission 
of a frame according to the setting of MTR and 
CTR. 

b6 = ABORT1. Abort Transmission When 
ABORT1 is set to '1' by the host, it stops trans
mission after the end of the current transmission if 
transmitting a frame, immediately if not. This is 
identical in function to the ABORT bit of SCR. 

b5 = RESERVED 

b4-b0 = L TBP4-L TBPO. Last Transmit Byte 
Pointer b4 is MSB. This field is programmed by the 
host MCU to select the last byte to transmit in the 
selected Transmit buffer. Once transmission com
mences, the data to send will be taken from the 
buffer at incrementing addresses, starting from the 
address programmed into FTBR, until the address 
is equal to the Last Transmit Byte pointer in the 
CTR register. 

_22_1_32 _____________ ~ ~~~;ID~v'::!!~~ 
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FUNCTIONAL DECRIPTION (Continued) 

STR Status Transmit Register 
address 1 2h (read-only register) 

7 0 

I TBA I RES I SBUF I CTB4 I CTB3 I CTB2 I CTB1 I CTBO 

b7 = TBA Transmit Buffer Available. The host MCU 
may write into the XBF selected by the BUF bit of 
MTR when TBA = '1'. 
When TBA = '0' the host must not write to the se
lected XBF as it is being used by the transmit logic. 

TBA is set to '1' when the buffer has been trans
mitted successfully (TI interrupt) and is reset to '0' 
when the host starts a transmission by setting the 
relevant parameters· in CTR and MTR. 

b6 = RESERVED 

b5 = SBUF Transmit Buffer SelectedThe Status in
formation is associated to XBF selected by the 
BUF bit of MTR. 
When SBUF = '0' the status is associated to XBFO. 
When SBUF = '1' the status is associated to XBF1. 

b4-b0 = CTBP4-CTBPO. Current Transmit Byte 
Pointerb4 is MSB. This field is programmed by the 
ST9560 to indicate the address within the transmit 
buffer of the current byte being transmitted. 

ST9560 · ST9561 

ETR Error Transmit Register 
address 1 3h (read-only register) 

7 0 

I FTA I RES I TCVL I RES I TCRC I TDS1 I TDSO I TVP 

All bits in this register are active high. They are 
reset when clearing the Failed Transmit Interrupt 
(FTI of SIR) by writing a '1' to FTIC of RIR. 

b7 = FTA. Failed Transmission Alert This bit indi
cates (when set) that last transmission has failed, 
causing a Failed Transmit interrupt request. 

b6 = RESERVED 

b5 = TCVL. Transmit Code Violation This bit indi
cates (when set) that a code violation has occured 
during transmission of the XBF in use. A code viol
ation can be an incorrect SOF pattern or an incor
rect Manchester bit. 

b4 = RESERVED 

bit 3 = TCRC. Transmit CRC Error This bit indi
cates (when set) that a CRC error has occured dur
ing transmission of the XBF in use. 

b2-b1 = TDS1, TDSO Transmit Data Select 

TDS1 TDSO Function 

0 0 RxDO selected 

0 1 Rx02 selected 

1 0 RxD 1 selected 

1 1 Major Error, No communication 

bO = TVP Transmit Physical Violation Error This bit I 
indicates (when set) that an incoherence has been 
detected between RxDO, RxD1 and RxD2 during 
transmission of the XBF in use. 

RESERVED LOCATIONS 

Locations from address 1 4h to 1 7h are reserved 
for future use. 

---------------------------- ~~~~~~~~:~~~ _________________________ 2_3_13_2 
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I/O PORTS 

In the ST9561 two 1/0 ports, Port 0 and Port 1, are 
available. Both ports may be configured by hard
ware (pin DMX/PO for Port 0 and DIR/P1 for Port 1) 
and by software using control registers associated 
to ports. 

1/0 Port control Registers 

When used in 1/0 Register mode, the Data Regis
ters of the ports are mapped as following: 

PO Data Register Port 0 (POD) Address 1 Bh 

P1 Data Register Port1 (P1 D) Address 1 Fh 

The Data Registers control the logic level of the 
ports when configured in output mode. They are 
set to FFh after reset. 

Two control registers per Port (PxCO and PxC1) 
are used to select the output configuration. They 
are mapped as follows: 

POCO Control Register 0 Port 0 Address 18h 

POC1 Control Register 1 Port 1 Address 19h 

P1 CO Control Register 0 Port 0 Address 1 Ch 

P1 C1 Control Register 1 Port 1 Address 1 Dh 

When DMX/PO :'1' and DIR/P1 = '0', Port 0 and 
Port 1 are General Purpose 1/0 Ports. Port 0 allows 
the functional recreation of the MCU 110 port lost in 
communication with the ST9561. Each bit of the 
port can be individually set according to the follow
ing table. 

PxCO.i PxC1.i 110 Bit Configuration 

0 0 Input to Data Register PxD 

0 1 Reserved 

1 0 Output from Data Register PxD 

1 1 Output Alternate Function. 

where i = 0-7 and x = 0 or 1 

After reset, PxCO and PxC1 are set to OOh. It is 
highly recommended to refresh all data bits in 
these registers when using these ports in order to 
prevent accidental reconfiguration of non-con
nected port pins as inputs 

Port 0 Output Alternate Functions 

The PORTO output alternate functions are as fol
lows: 

P0.7 DIN 
P0.6 STAA line diagnosis signal. 
P0.5 STAB line diagnosis signal. 
P0.4 STAG line diagnosis signal. 
P0.3 ERROR bit. This bit is set to '1' if an error 

has been detected in the frame. 
P0.2 CVF2, encoded current state of the ST9561 

internal state machine. Decoding is shown 
in the next table: 

P0.1 CVF1 
PO.O CVFO 

CVF2 CVF1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

CVFO State 

0 WAIT 

1 IDLER 

0 IDLE 

1 TBD 

0 ACTIVE 

1 ACKNOWLEDGE 

0 ERROR 

Port 1 Output Alternate Functions 

When Port 1 bits 0, 4, 5, 6 and 7 are configured as 
output, the output alternate functions are as follows: 

P1.0 TXD 
P1.4 CKBIT 
P1.5 CKTS 
P1.6 CK16 
P1.7 FTIP 

FTIP is normally '1', it is set to '0' when the ST9561 
is transmitting a frame, from the beginning of SOF 
to the end of EOD. 

When bits 1, 2, 3 are configured as input, the input 
source is respectively RXDO, RXD2, RXD1. 
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110 PORTS (Continued) 

Figure 16. ST9561 Port Reconstruction 
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PORT FUNCTIONS 
PORTO 

ST9560 - ST9561 

When DMX/PO ='0', Port 0 is the address input for 
the non-multiplexed bus interface. 

7 0 

PORT1 
When DIR/P1 = '1', PORT1 is in "direct mode". 
The pin functions are as follows: 

7 0 

P1.7 IER 
P1.6 CK16 
P1.5 CKTS 
P1.4 CKBIT 
P1.3 RXD1 
P1.2 RXD2 
P1.1 RXDO 
P1.0 TXD 

reset output for bus tranceiver 
FBASE clock (1) 
TIME SLOTclock(1l 
clock bit(1l 
serial input 1 
serial input 2 
serial input 0 
serial output 

Note 1. DIR/P11S tied to "1" internally in the ST9560. Pins P1.6, P1.5 
and P1.4 are not used and are set to inputs t1ed to Voo. 

RESERVED LOCATIONS 
Locations from address 1 Ah to 1 Eh are reserved 
for future use. 
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ST9560- ST9561 

IDENTIFIER BUFFER 

Identifiers are stored in a 32-byte RAM. 

An identifier is a 12-bit field, up to sixteen identifiers 
may be stored on-chip. 

This RAM is mapped in the ST9560 space memory 
from address 32 to 63 (20h to 3Fh). Bits within the 
Identifier are maskable with the MASK registers. 
This feature is controlled by the bit "MF, Mask Fil
ter" of the Mode Receive register. When the MF bit 
is '1 ',all identifiers are accepted. 

Identifier Bit Allocation 
7 0 

1011 1010 109 IDS 107 106 105 104 

7 0 

103 102 101 IDO RES AE I RCM1 I RCMO I 

The 8 MSB bits are stored at even addresses (b? = 
MSB of these 7 bits). 

The 4 remaining LS bits are stored at odd ad
dresses, bits 7 to 4 (b7 = MSB). 

Bits 3 to 0 are used as following: 

b3 = RESERVED 

bit 2 =Acknowledge enable (AE) 

b2 = '0' acknowledge not to be generated. 

b2 = '1' acknowledge generated if required. 

b1-b0 =Receive control mode 

RCM1 RCMO Function 

0 0 don"! care identifier 

0 1 mask# 1 filtered 

1 0 mask# 2 filtered 

1 1 no masking 

Figure 17.1dentifier mapping in the Identifier buffer 

3Fh 

3Eh 

21h 

20h 

ID3 

ID11 

ID3 

ID11 

ID2 ID1 1 

ID10 ID9 1 

ID2 ID1 

ID10 ID9 

IDO RES AE 

ID8 ID7 ID6 

IDO RES AE 

ID8 ID7 ID6 
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TRANSMIT AND RECEIVE BUFFERS 

Transmit Buffer 

The transmit buffer is the interface between the 
host CPU and the Bit Stream Processor and is able 
to store a whole message. 

The buffer is written by the host CPU and is read by 
the BSP and is implemented as a 32-byte single 
port RAM with mutual exclusive access from the 
CPU and the SSP. 

Two buffers are provided, XBFO and XBF1, the 
user can choose either of the buffers to be written 
by the host. 

Figure 18. Transmit buffer structure 

5Fh or7Fh 

ST9560 - ST9561 

Transmit is initiated by the host which writes in the 
CTR register (address 7): 

- request to send 

- byte first and last address 

Only one "request to send" is allowed at the same 
time. 

An interrupt is generated at the end of transmit. 

During frame transmission, the host cannot access 
the transmit buffer which is being used by the 
ST9560. 

Notes: 

Lasts; ~-------L_a_s_t D_a,...t_a_By:.._t_e ______ ----1 

- When there are no 
Data by1es (request 
frames), the last byte 
pointer is set to the 
2nd Identifier com
mand byte. Pointer 

-First byte 
pointer ' 

i 
' ' I 

40h or 60h : 

13 12 h 

1, l1o lg 

First Data Byte 

lo EXT RAK R/W RTR 

Is 17 Is Is 14 

L_ ________________________ ~ 

The maximum frame 
length is 30 Data by1es. 

- It is possible to store 
several frames in the 
same buffer. 

r== SCiS·ntOMSON ____________ 2_7_132 
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ST9560 - ST9561 

TRANSMIT AND RECEIVE BUFFERS (Continued) 

Receive Buffer 
The receive buffer is the interface between the 
BSP and the host CPU which stores a message re
ceived from serial bus. 

Once filled by the BSP and allocated to the CPU, 
the buffer is not available for another message. 
Therefore, unless the CPU releases the buffer, 
messages may be lost. 

In order to reduce CPU requirements, two receive 
buffers are provided. While one buffer is allocated 
to the CPU, the BSP may write in the other. 

Figure 19. Receive Buffer Structure 

3Fh 

Last Data Byte 

The BSP only writes into a receive buffer when the 
message being received passes one of the 16 ac
ceptance filters loaded in the acceptance identifier 
RAM. 

Both buffers are located at the same address from 
address 32 to address 63 (20h to 3Fh). 

When a correct message is received, the Receive 
Status Registers 1 and 2 are updated and an inter
rupt is generated. 

The receive buffers share the same address zone 
as the I DEN RAM, selection of the RAM area to be 
read is made under control of b7 of the MRR. 

Note: 

- When there are no 
Data bytes, the last 
byte pointer value is 1. 

Last Byte
Pointer 1---------------------l 

22h 

21h 

20h 

13 

111 

12 I, 

ho lg 

Figure 20. FsAsE Clock Generator 

First Data Byte 

Ia 

Is 

EXT 

17 

DIVIDE 
BY 3 

RAK R/W 

Is Is 

PRE 
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TIMING AND SERIAL LINK RATE 

ST9560 transmission rate ST9560 Oscillator 

ST9560 • ST9561 

Time slot and bit frequencies are derived from 
elementary time clock called FsAsE. 

FsAsE is obtained from the crystal oscillator fre
quency by the flow shown in figure 20, where N 
equals 1, 2, 4, 8, 6, 32, 64, 128 and is coded as log2 
N in MCR. 

The oscillator generating the FsASE timebase re
quires the use of an external crystal at the appro
priate frequency for the transmission after division. 

The circuit required is shown in the next figure: 

Figure 21. ST9560 Oscillator 
According to the above flow, bit rate transmission 
is given by table 7_. where: 

- PRE designates the prescaler dividing ratio (1 or 3) 

- DIV designates the coded programmed value 
N (FxrAL or FxrALi3 is always divided by 2N) 

- FsASE designates the elementary time fre
quency 

- Frs designates Time Slot frequency (kHz) 

- M_L rate designates the rate in Manchester 
coding 

- M_E rate designates the rate in Enhanced 
Manchester coding 

Table 7. Bit Rate Transmission (FXTAL = 24MHz) 

DIV PRE FsASE(MHz) FTs(kHz) 

1 1 24 1500 

1 3 8 500 

2 1 12 750 

2 3 4 250 

4 1 6 375 

4 3 2 125 

8 1 3 187.5 

8 3 1 62.5 

16 1 1..5 93.75 

16 3 0.500 31.25 

32 1 0.75 46.87 

32 3 0.25 15.625 

64 1 0.375 23.438 

64 3 0.125 7.813 

128 1 0.1875 11.718 

128 3 0.0625 3.906 

OSCIN OSCOUT 

M_L (kbits/s) 

750 

250 

375 

125 

187.5 

62.5 

93.75 

31.25 

46.875 

15.625 

23.438 

7.813 

11.718 

3.906 

5.859 

1.953 

Typical values: 
R = 1MO 
X1 = 20MHz parallel cut 
C1 = 12pF 
C2 = 48pF 

VR001761 

M_E (kbits/s) 

1200 

400 

600 

200 

300 

100 

150 

37.5 

75 

25 

37.5 

12.5 

18.75 

6.25 

9.375 

3.125 
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ST9560 • ST9561 

INTERRUPT CONTROL 

Interrupt Sources 

The ST9560 can interrupt the micro in the five fol
lowing cases, by asserting the IRQ pin low. 

a) receive data available: 

This occurs when an uncorrupted message, hav
ing passed the acceptance filter, is stored either in 
RBFO or RBF1 buffer. 

b) failed receive: 

This occurs when an error is detected during re
ception of a message having passed the accept
ance filter. 

c) overrun: 

A message passes the acceptance filter and 
neither RBFO nor RBF1 buffers are available. 

d) initialisation request: 

The interrupt is generated by a low level on the 
RST pin or by setting bit 0 of the SCR register. No 
operation is allowed until this interrupt is cleared. 

e) transmit data available: 

The transmit buffer XBFO or XBF1 (according to 
user choice) is available. 

f) failed transmission: 

An error has occurred during transmission of the 
message. 

Interrupt Source Reset 

Each interrupt source is cleared by setting to '1' the 
corresponding bit of the Reset Interrupt Register. 

Enable Interrupt Register 

An enable bit is associated to each interrupt 
source. Excepting the INIT interrupt, if the corre
sponding bit of an interrupt source is cleared, the 
source cannot interrupt the host MCU. In addition, 
a general interrupt enable is provided. If this bit is 
cleared, all interrupt sources are disabled, except 
the I NIT interrupt. 

Reset 

After a reset of the ST9560 the TxD output is 
forced to high impedance. The ST9560 is able to 
transmit a level on TxD output when the IN IT status 
interrupt is set to level 0 by the host. 

ST9560 MAIN FUNCTIONS 

Transmit 

- acceptance of parallel data coming from the 
host (transmit buffer available) 

- frame formatting by adding specific fields (Start 
Of Frame, CRC, End Of Data, End Of Frame) 

- presentation to the physical layer of a ser
ialized bit stream, starting reading from first 
transmit address of the transmit buffer, MSB 
first 

- deferment of frame transmission so long as the 
physical medium is busy 

- implementation of the arbitration mechanism 

- termination of transmission upon collision de-
tection 

- in the event of loss of arbitration, scheduling a 
resend and continuing to receive the frame 
passing via the bus. 

- computing the Frame Check Sequence (CRC) 
addition, adding it to the frame sent. 

- management of the time-out to comply with the 
interframe spacing (IFS) 

- signalling to the host that the transmit buffer is 
available. 

Receive 

- receiving a serialized bit stream from the serial 
bus, starting storing at address 32 (20h) of the 
receive buffer, MSB first. 

- recompiling the complete structure of the frame 
(structure by field) 

- checking the frame identifier and implementing 
the acceptance filter. 

- computing the CRC of received bit stream and 
comparing the result with the CRC sent with 
the received message. 

- checking the frame format 

- signalling to the transmit part that an acknow-
ledge must be sent 

- removal of specific fields from the received 
frame 

- transferring the useful parallel information 
(Identifier, Command and Data) to the host. 

30/32 ~ SCS·THOMSON 
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ST9560 MAIN FUNCTIONS (Continued) 

Transmit Process 

The ST9560 is capable of transmitting messages 
with variable length from 2 bytes (identifier and 
command fields) to lower than or equal to 30 bytes. 

Transmit buffer XBFO is used (or XBF1, according 
to user choice). 

Host flow for transmission of a message 

This flow consists in following steps: 

1) check that the selected XBF buffer is available 
(bit 7 of Status Transmit register equals to '1 ') 

2) write the IDENTIFIER, COMMAND and DATA 
fields in the TX buffer 

3) write the byte count in the Command Transmit 
Register and set bit 7 (Request to send) of the 
Command Transmit Register to '1 '. 

4) reset interrupt source Transmit Data Available. 

ST9560 flow for transmitting a message 

1) check that 'Request to send' is set and TDBA 
(bit 3 of SIR) is cleared 

2) check for 'bus idle', if not wait until the bus is free 

3) send Start Of Frame 

4) read the parallel data in the selected XBF buffer, 
serialise it and send it on the serial bus 

5) monitor arbitration, if arbitration is lost, restart 
from step 2 

6) check for errors 

7) if transmission is not completed, repeat steps 
4,5,6 

8) send FCS field (CRC computed in parallel with 
step4) 

9) send EOD, ACK, EOF fields 

1 0) set 'Transmit Buffer Available' in Status Trans
mit Register and assert Interrupt Transmit Request 

/ 

ST9560 • ST9561 

Receive Process 

As for transmit process, the ST9560 can receive 
frames with variable length. 

Single mode is used to receive messages with 
length lower or equal to 32-byte. 

Host flow 

This flow consists in following steps: 

1) check that RBFO or RBF1 buffer is available (bit 
7 of Status Receive Register equals to '1 ') 

2) read the filtered identifier and the BYTE COUNT 

3) read data from RBFO or RBF1 buffer (BYTE 
COUNT is LOCATED in the Status Receive Regis
ter) 

4) reset RDA and interrupt source 

ST9560flow 

1) detects Start Of Frame 

2) checks identifier 

3) Data frame or request frame? 

4) transfers I DEN, COM and DATA in the selected 
RBFO or RBF1 buffer 

5) checks errors 

6) if not EOD, increments byte count and repeats 
steps 4,5 

7) checks that the computed CRC result is equal to 
4815h and, if required and allowed, sends an ac
knowledge. 

8) sets the byte count in Status Receive Register 

31/32 --------------------------- ~~~~;~~::~~ ---------------------------
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ST9560 - ST9561 

ABSOLUTE MAXIMUM RATINGS 

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

For proper operation it is recommended that V1 and 
Vo must be higher than Vss and smaller Voo. Re
liability is enhanced if unused inputs are connected 
to an appropriated logic voltage level (Voo or Vss). 

Symbol Parameter 

Voo Supply Voltage 

VI Input Voltage 

TA Operating Temperature Range 

TsTG Storage Temperature 

PoMAX Maximum Power Dissipation 

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

Tj = T A + PO x RthJA 

Where : TA =Ambient Temperature. 

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

PO= Pint+ Pport. 

Pint= loo x Voo (chip internal power). 

Value Unit 

-0.3to 7.0 v 

-0.3 to 7.0 v 

-40 to +125 ·c 

-55 to 150 ·c 

- w 
Note :Stresses above those listed as "absolute maximum ratings·· may cause permanent damage to the device. Th1s 1s a stress rating only and 
functional operation of the device at these conditions is not Implied. Exposure to maximum rating cond1t1ons for extended penods may affect 
dev1ce reliability. 

Symbol Parameter Test Conditions 

Voo Power Supply 

V1L Input Low Level Voltage 

v1H Input High Level Vollage 

IlL Input Leakage Current non-I/O pins 
IIH 

VoL Low Level Output Voltage loL = 4.0mA 

VoH High Level Output Voltage loH=·4.0mA 

PD Power Dissipation 

32/32 r== SCiS·niOMSON ---------------- A.""!L [;lJO©ml@rn~rnliWI'J@il!ll©@ 
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Value 
Unit 

Min. Typ. Max. 

4.5 5.0 5.5 v 

0.3Voo v 

0.7Voo v 

-5 5 l!A 

0.4 v 

2.4 v 

w 



TEA7605 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 5V ± 4% {lo = 5mA) 
• los~ 500mA 
• Vi-Vo::; 0.6 V (Ia = 500mA) 
• Vi (surge) = ± 80V 
• THERMAL AND SHORT-CIRCUIT 

PROTECTION 

T0220 
(Plastic Package) 

ORDER CODE : TEA7605SP 

PIN CONNECTIONS 

DESCRIPTION 
TEA7605 is a low-drop 5V regulator well suited to 
supplying stabilized voltage to 11Ps in harsh indus
trial environment. 

Special care was taken to keep : 
• Lowest possible quiescent current (:;!50!!A). 
• Lowest possible output capacitor (1f!F). 

BLOCK DIAGRAM 

1 =V, 
2=Vo 
3=GND 

'---'----------13~-~~~· ·•· 

* GND 

July 1991 

1 3 2 

I 

89DSTEA7605·01 

91 DSTEA7605·02 
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TEA7605 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Input Voltage 
- Continuous 30 v 
- ~ = 300 ms 80 v 

Vi(R) Reverse Input Voltage 
- Continuous -18 v 
- ~ = 120 ms -80 v 

TJ Operating Junction Temperature -45,+150 ac 
Tstg Storage Temperature -55,+150 ac 

THERMAL DATA 

Junction-case Thermal Resistance Max. 3 
Junction-ambient Thermal Resistance Max. 70 

ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, V1 = 14.4V (unless otherwise specified) Output Capacitor= 10JlF (see note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (lo = 5 to 500mA) 4.875 5 5.125 v 

v, Input Supply Voltage (permanent) 28 v 

Icc Current Consumption lo = OmA 0.25 0.4 mA 
lo = 150mA 10 20 mA 
lo = 500mA 75 100 mA 

Kv1 Line Regulation (V1 = 6 to 26V ; lo = 5mA) 5 10 mV 

Kvo Load Regulation (lo = 5 to 500mA) 40 60 mV 

v,-vo Drop-out Voltage lo = 150mA 0.18 v 
lo = 500mA 0.4 0.6 v 

SVR Supply Voltage Rejection 
(lo = 350mA, f =120Hz, Co= 1(.1F, V1 = 12 ± 5V) 60 dB 

los Short-circuit Output Current 0.5 0.7 A 
NOTE : Applications Hints 
The output capacitor has a direct Influence on output voltage stability. A t 0 11F capacitor will provide satisfactory results. There is no upper 
limit on this capac1tor value. 
If necessary, this value can be reduced down to t 11F ; however, in such case, it should be checked that output capacitor keeps sufficiently 
high capac1tance and low equ1valent senes resistance in the whole temperature range. 
Such low capacitor value 1s not recommended either, if output current is to switch abruptly from very high to very low values (for instance, 
400 mA to < t mA). 

ELECTRICAL OPERATING CHARACTERISTICS 
Tj =- 45°C to +125°C, V1 = 14 .4V (unless otherwise specified) Output Capacitor= 10JlF 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (lo = 5 to 500mA) 4.8 5 5.2 v 

dvo Output Voltage Drift ~ = - 45 to +25°C -0.4 mV/°C 
dt 1 = + 25 to +125°C -0.6 

Icc Current Consumption lo = OmA 0.45 mA 
lo = 150mA 25 mA 
lo = 500mA 120 mA 

Kv1 Line Regulation (V, = 6 to 26V, lo = 5mA) 20 mV 

Kvo Load Regulation (lo = 5 to 500mA) 80 mV 

v,-vo Drop-out Voltage lo = 150mA 0.2 v 
lo = 500mA 0.8 v 

los Short-circuit Output Current 0.4 A 

I oM Maximum Output Current 0.5 A 

_21_3 ____________ ~.,1 ~~~©IH9rr~~~?~~ ____________ _ 
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TEA7605 

APPLICATION DIAGRAM 

91 DSTEA7605-03 
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TEA7610 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 1 OV ± 4% (Ia = 5mA) 
• lo = 5 TO 500mA 
• Vr - Vo = 0.6V (lo = 500mA) 
• Vr (surge) = ± BOV 
• THERMAL AND SHORT-CIRCUIT PROTEC

TION 

DESCRIPTION 
TEA7610 is a low-drop regulator well suited to sup
plying stabilized voltage to 11Ps in harsh industrial 
environment. 

Special care was taken to keep : 
• Lowest possible output capacitor (1!1F). 

BLOCK DIAGRAM 

July 1991 

GND 

T0220 
(Plastic Package) 

ORDER CODE: TEA7610SP 

PIN CONNECTIONS 

I= v, 
2 = Vo 
3 = GND 

1 3 2 

89DSTEA7610·01 

91DSTEA761 0-02 
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TEA7610 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 
v, Input Voltage 

- Continuous 30 v 
-1: = 300 ms 80 v 

VJ(R) Reverse Input Voltage 
- Continuous -18 v 
-1: = 120 ms -80 v 

Toper Operating Junction Temperature -45, +150 oc 

Tstg Storage Temperature -55,+150 oc 

THERMAL DATA 

Junction-case Thermal Resistance Max. 3 
Junction-ambient Thermal Resistance Max. 70 

ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, V1 = 14.4V (unless otherwise specified) Output Capacitor = 1 011F (note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (lo = 5 to 500mA) 9.7 10 10.3 v 
v, Input Supply Voltage (permanent) 28 v 
Icc Current Consumption lo = OmA 1.5 2 rnA 

lo = 150mA 10 20 rnA 
lo = 500mA 75 100 rnA 

Kv1 Line Regulation (V1 = 11 to 26 V ; lo = 5mA) 5 20 mV 

Kvo Load Regulation (lo = 5 to 500mA) 40 80 mV 

v,. Vo Drop-out Voltage lo = 150mA 0.18 v 
lo = 500mA 0.4 0.6 v 

SVR Supply Voltage Rejection 
(lo = 350mA, f =120Hz, Co= 1J.tF, V,=12±5V) 60 dB 

los Short-circuit Output Current 0.5 0.7 A 

NOTE : Application Hints 
The output capacitor has a direct influence on ouptut voltage stability. A 1 OJ.lF capacitor will provide satisfactory results ; there is no upper 
limit on this capacitor value. 
If necessary, this value can be reduced down to 1 J.lF ; however, in such case, it should be checked that output capacitor keeps sufficiently 
h1gh capacitance and low equivalent senes res1stance in the whole temperature range. 
Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values (for instance 
400mA to < 1 mA). 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 =- 45°C to +125°C, V1 = 14.4V (unless otherwise specified) Output Capacitor= 1011F 

Symbol Parameter Min. Typ. Max. Unit 
Vo Output Voltage (lo = 5 to 500mA) 9.6 10 10.4 v 
dvo utput Voltage Drift ~ = - 45 to +25°C -1 0 mv;oc 

dt 1 = +25to +125 oc -1.2 0 

Icc Current Consumption lo = OmA 2.5 rnA 
lo = 150mA 25 rnA 
lo = 500mA 120 rnA 

Kv1 Line Regulation (V1 = 11 to 26V ; lo = 5mA) 30 mV 
Kvo Load Regulation (lo = 5 to 500mA) 100 mV 

V1·Vo Drop-out Voltage lo = 150mA 0.20 0.8 v 
lo = 500mA v 

los Short-circuit Output Current 0.4 A 

I oM Maximum Output Current 0.5 A 
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TEA7610 

APPLICATION DIAGRAM 

91 DSTEA761 0-03 
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TEA7685 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 8.5V ± 4% (Ia = 5mA) 
• lo = 5 TO 500mA 
• Vi - Vo = 0.6V (Ia = 500mA) 
• Vi (surge) = ± 80V 
• THERMAL AND SHORT-CIRCUIT PROTEC

TION 

DESCRIPTION 
TEA7685 is a low-drop 8.5V regulator well suited to 
supplying stabilized voltage to 11Ps in harsh indus
trial environment. 

Special care was taken to keep : 
• Lowest possible output capacitor (1J1F). 
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TEA7685 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt Input Voltage 
- Continuous 30 v 
- ~ = 300ms 80 v 

Vt(R) Reverse Input Voltage 
- Continuous - 18 v 
-~=120ms -80 v 

Toper Operating Junction Temperature -45, +150 oc 

Tstg Storage Temperature -55,+ 150 oc 

THERMAL DATA 

Junction-case Thermal Resistance Max. 3 
Junction-ambient Thermal Resistance Max. 70 

ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, Vt = 14.4V (unless otherwise specified) Output Capacitor= 1 OJ.!F (note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (lo = 5 to 500mA) 8.26 8.5 8.74 v 
Vt Input Supply Voltage (permanent) 28 v 
Icc Current Consumption lo = Om A 1.5 2 mA 

lo = 150mA 10 20 mA 
lo = 500mA 75 100 mA 

Kvt Line Regulation (Vt = 9.5 to 26V ; lo = 5mA) -15 5 15 mV 

Kvo Load Regulation (lo = 5 to 500mA) -70 -40 70 mV 

Vt· Vo Drop-out Voltage lo = 150mA 0.18 v 
lo = 500mA 0.4 0.6 v 

SVR Supply Voltage Rejection 
(lo = 350mA, f = 120Hz, Co= 1f.IF, Vt= 12±5V) 60 dB 

los Short-circuit Output Current 0.5 0.7 A 
NOTE : Application H1nts 
The output capacitor has a d1rect mfluence on ouptut voltage stability A 1 Of!F capacittor will provide satisfactmy results : there is no upper 
hffilt on th1s capac1tor value 
If necessary, th1s value can be reduced down to 1 flF : however, 1n such case, it should be checked that output capac1tor keeps sufficiently 
h1gh capac1tance and low equivalent series resistance m the whole temperature range. 
Such low capacitor value 1s not recommended e1ther, 1f output current 1s to sw1tch abruptly from very h1gh to very low values (for instance 
4DOmA to < 1 rnA). 

ELECTRICAL OPERATING CHARACTERISTICS 
Tj =- 45°C to+ 125°C, V1 = 14.4V (unless otherwise specified) Output Capacitor= 10J.!F 

Symbol Parameter Min. Typ. Max. Unit 
Vo Output Voltage (lo = 5 to 500mA) 8.16 8.5 8.84 v 
dvo Output Voltage Drift T1 = - 45 to +25°C -1 0 mv;oc 

dt T1 = + 25 to +125°C -1.2 0 

Icc Current Consumption lo = Om A 2.5 mA 
lo = 150mA 25 mA 
lo = 500mA 120 mA 

Kvt Lme Regulation (Vt = 9.5 to 26V ; lo = 5mA) -25 25 mV 

Kvo Load Regulatton (lo = 5 to 500mA) -90 90 mV 
v,- Vo Drop-out Voltage lo = 150mA 0.20 v 

lo = 500mA 0.8 v 
los Short-circuit Output Current 0.4 A 
I oM Maximum Output Current 0.5 A 
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TEA7685 

APPLICATION DIAGRAM 
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VB020 
HIGH VOLTAGE IGNITION COIL DRIVER 

POWER IC 

TYPE Vel lei 

VB020 400 v 6A 150 mA 

• PRIMARY COli:. VOLTAGE INTERNALLY SET 
• COIL CURRENT LIMIT INTERNALLY SET 
• LOGIC LEVEL COMPATIBLE INPUT 
• OVERVOLTAGE PROTECTION OF THE 

DRIVING AND CONTROL CIRCUIT 

DESCRIPTION 
The VB020 is a high voltage power integrated 
circuit made using SGS-THOMSON 
Microelectronics Vertical Intelligent Power 
Technology, with vertical current flow power 
darlington and logic level compatible driving 
circuit. 

Built-in protection circuits for coil current limiting 
and collector voltage clamping allows the VB020 
to be used as a smart, high voltage, high current 
interface in advanced electronic ignition systems. 

BLOCK DIAGRAM 
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VB020 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

HVc Collector Voltage 

lc Collector Current 

vd Driving Stage Supply Voltage 

ld Driving Circuitry Supply Current 

Vm Maximum Input Voltage 

Vs Control Circuitry Supply Voltage 

Is Control Circuitry Supply Current 

Tl Operating Junction Temperature 

Tstg Storage Temperature Range 

THERMAL DATA 

Thermal Resistance Junction Case 

Thermal Resistance Junction Ambient 

PIN CONFIGURATION 

PIN FUNCTION 

No NAME 

Value 

Internally Limited 

Internally Limited 

(MAX) 

(MAX) 

PCt 1130 

INPUT 
Vs 

HVc 

vd 
GROUND 

FUNCTION 

24 

350 

Vs 

24 

200 

-40 to 150 

-55 to 150 

2.5 

30 

1 GND Emitter Power and Control Ground 

2 Vd Driver Stage Supply Voltage 

3 HVc Output to The Primary Coil 

4 Vs Control Circuit Supply Voltage 

5 INPUT 

Unit 

v 

A 

v 

mA 

v 

v 

mA 
oc 
oc 
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VB020 

ELECTRICAL CHARACTERISTICS (Vb = Vee= 1 2 V; Tamb = 25 °C; V;n = 0.4 V; Rs = 300 0; 
Ro = 50 n; Rcotl = 500 mn; Leoti= 6mH unless otherwise specified, see figure 1) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vet High Voltage Clamp Functional Test see figs. 3 e 4 320 460 v 

Vee(sat) Saturation Voltage of le =SA; id = 40mA; V,n = SV pulsed 1.5 2 v 
The Power Stage lon = 300 [.IS lose = 1 Hz 

ls(on) Control Circuit Supply V,n = 4 V 10 25 mA 
Current 

ls(stand·by) Control Circutt Vm = 0.4 V 5 15 mA 
Stand-by Current 

Vs Control Circuit Supply 5.6 I 8.5 v 
Voltage 

ld(on) Driver Stage Supply Vm = 4 V 150 350 mA 
Current 

ld(stand·by) Driver Stage Stand-by Vm = 0.4 V 1 mA 
Current 

vd Driver Stage Supply 5 17 v 
Voltage 

let Coil Current Limit Functional Test see figs. 3 e 4 5.5 6 6.5 A 

V1nH High Level Input Voltage le = 5 A 2.4 Vs v 

V1nl Low Level Input Voltage le < 2 mA HVe = Vb 0 0.8 v 

lmH High Level Input Current V10 = 2.4 V 100 [.!A 

Is Storage Time le = 6 A see figs. 1 e 2 20 30 [.IS 

It Fall Time le = 6 A see figs. 1 e 2 & Note 1 12 [.IS 

Estb Second Breakdown le = 6 A Vee= 12 V 300 mJ 
Energy Clamped 

Note 1: v,,,m, = 300 V externally set 

PRINCIPLE OF OPERATION 
The VB020 is a high voltage, power integrated 
circuit with a logic level compatible input. 
This part is intended for use in ignition modules 
or integrated into an ignition coil assembly. 

The input, Vtn, of the VB020 is fed with a logic 
level signal generated by an external controller 
or processor that determines both dwell time and 
ignition point. When Vtn is high (>2.4V) the 
VB020 power output transistor conducts and a 
current controlled by the IC logic flows in the 
ignition coil. 
The current is held constant at a level set 
internally by the P.I.C. until the ignition point, 
when Vin is driven low. During the turn-off of the 
transistor, the primary voltage is clamped at an 

internally set value, Vel. typically 400V, in case 
accidental secondary open circuit conditions 
occur. 
The transition from saturation to desaturation coil 
current limiting phase implies a maximum 
overshoot of 0.85 times the supply voltage 
without requiring an external RC network for 
frequncy compensation. 

OVERVOLTAGE 
The VB020 can withstand the following transient 
on the battery line: 

-1 20V/2msec (Rt = 10 0) 
· 100V/1 msec (R, = 10 0) 

50V/400msec (R, = 2 0, V~n = 3 V) 

3/4 
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VB020 

Figure 1 :Test Circuit. 
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Figure 3 : Application Circuit. 

Figure 2 : Resistive Switching Waveform. 

SC-0367 

~----------~~-.----~--~VB 

JIP 
board 

Cs 
150nf I 

COli data: primary resrstance Rc = 0.4 - 0.5 ohm. 
primary rnductance Lc = 6 - 8 mH. 

Figure 4: Input Voltage and Output Current Waveform. 

fc 
10 r 

VaAl 
VoAT·IRc0nXIcrl 

Ro 
son 

SC-Ol£6 

H.V. 

414 
-----------------------~~~~~~~~::~ ---------------------
470 



VB024 
HIGH VOLTAGE IGNITION COIL DRIVER 

POWER IC 

TYPE VeL lc 

VB024 400 v BA 100 mA 

• PRIMARY COIL CURRENT INTERNALLY SET 
• PRIMARY COIL VOLTAGE INTERNALLY SET 
• AUTOMATIC SHUT-OFF AT MAX CURRENT 
• LOGIC LEVEL COMPATIBLE INPUT 
• DIGITAL SIGNAL FEEDBACK TO INDICATE 

A PREDETERMINED CURRENT LEVEL 

DESCRIPTION 
The VB024 is a high voltage integrated circuit 
made using SGS-THOMSON VI Power thecnology, 
with vertical current flow power darlington and logic 
level compatible driving circuit. 

The devi.ce performs the following functions: 
power stage for driving the primary side of the 
ignition coil, digital signal feedback to the control 
IC to indicate a predetermined current level, 
automatic shut-off at maximum current, ·self 
clamping for voltage flyback and logic level input. 

BLOCK DIAGRAM 

November 1992 
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VB024 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Value 

HVc Collector Voltage Internally Limited 

lc Collector Current Internally Limited 

vd Driving Stage Supply Voltage 16 

ld Driving Circuitry Supply Current 600 

V,n Maximum Input Voltage 10 

Vs Control Circuitry Supply Voltage 8 

Is Control Circuitry Supply Current 200 

Tt Operating Junction Temperature -40 to 150 

Tstg Storage Temperature Range -55 to 150 

THERMAL DATA 

Thermal Resistance Junction Case (MAX} 2.5 

Thermal Resistance Junction Ambient (MAX} 30 

CONNECTION DIAGRAM 

© 

0 
© 

PIN FUNCTION 

No NAME 

1 GND 

2 LATCH ENABLE 

3 Vd 

4 OUT 

5 Vs 

6 INPUT 

7 FLAG 

~-3r,:::r 

' ' 

2 
1 

PC11110 

FLAG 
INPUT 
Vs 
OUT 

vd 
LATCH ENABLE 
GND 

FUNCTION 

Emitter Power and Control Ground 

Enables Of The Latch Circuitry Which Turn Off The Driver 

Supply Voltage For The Power Stage 

Output to The Primary Coil 

Supply Voltage For The Control Stage 

Output of A Logic Signal When lc Is Greater Than 3 A 

Unit 

v 

A 

v 

mA 

v 

v 

mA 

oc 
oc 
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VB024 

ELECTRICAL CHARACTERISTICS (Vb = 12 V; Vs = 5 V Regulated; T1 25 °C; Rcoil = 500 mQ; 

Lcoil = 6mH unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vel High Voltage Clamp V10 = 0.4 V -40°C ~ T1 ~ 125 °C 320 510 v 

Vce(sat) Saturation Voltage of le = 6A; id=80mA; Vm = 4V 2 v 
The Power Stage 

ls(on) Control Circuit Supply 15 mA 
Current 

Vs Control Circuit Supply 4.5 
I 

5.5 v 
Voltage 

ld(on) Driver Stage Stand-by V10 = 4 V 180 mA 
Current 

vd Driver Stage Supply 5.5 16 v 
Voltage 

ld1ag Diagnostic Current at -40°C ~ T1 ~ 125 °C 2.75 3.35 mA 
Wich The Flag Switches 

V1nH High Level Input Voltage 4 5.5 v 

V1nL Low Level Input Voltage 0 0.2 v 

lmH High Level Input Current v'" = 5.5 v 20 600 J.IA 

Vpos Positive Threshold 2.8 3.2 v 

Vneg Negative Threshold 1.3 1.7 v 

Vhys Hysteresis Voltage 1.3 1.7 v 

lc(max) Turn-Off Current Vm = 4 V -40°C ~ T1 ~ 125 °C 7.3 8.8 A 

toff Switch-Off Time lc = 6 A (see note 1) 10 80 J.IS 

Vd1agH High Level Diagnostic Rtlag = 20 KQ 
Output Voltage 

V d1agl Low Level Diagnostic Rtlag = 100 KQ 
Output Volatge 

Note 1. Time fran mput sw1tchmg Vce9 until Vee drops to 200 V 

PRINCIPLE OF OPERATION 
The VB024 is designed to drive the primary side 
of an ignition coil and provide a logic signal 
output to indicate a predetermined coil current 
level. This output signal is used to perform dwell 
control. This part is intended for use in Engine 
Control Modules. It could also be used in an 
ignition module or integrated into an ignition coil 
assembly. 
The VB024 accepts an input High signal from the 
control IC to start charging the primary side of the 
ignition coil. When the primary coil current 
reaches 3 amps, the VB024 outputs a logic High 
signal to the control IC. This flag signal is used in 
the calculation of the dwell time. 
This device also has a maximum primary coil 
current lc(max) Shut-off feature. lc(max) equals 
aproximately 1.5 times the nominal primary coil 
currnet. If the lc reaches lc(max), the output stage 
will Shut-off causing the spark to occour. 

4 4.5 v 

0.1 v 

The VB024 is also internally clamped to protect it I 
from the flyback voltage of the primary 
inductance as the output stage is turned off. 

OVERVOL TAGE 
The VB024 withstand the following transient test 
performed using a "Schaffner" equipment at T A = 
80 °C: 
1) LOAD DUMP 
Ten pulses with 10 second intervals between 
each transient. The device withstand load dump 
while fully on, fully off and during the transition 
between states (see figures 3 and 4). 
2) NEGATIVE TRANSIENTS 
Ten negative transients with 1 0 second intervals 
between each transient (see figure 5). 
3) REVERSE BATTERY 
Inversion of battery voltage for a time = 60 sec 
(see figure 5). 

3/6 --------------------------- L~J ~~~~~~~:~~ ---------------------------
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VS024 

FIGURE1: Application Circut 
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FIGURE 3: Load Dump Test Circut 
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FIGURE 4: Load Dump Input Waveform 
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VB024 

FIGURE 5: Negative Transients Test Circut 
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VB027 
HIGH VOLTAGE IGNITION COIL DRIVER 

POWER IC 

TYPE Vel lei 

VB027 360 v 8.5 A 80 mA 

• PRIMARY COIL VOLTAGE INTERNALLY SET 
• COIL CURRENT LIMIT INTERNALLY SET 
• LOGIC LEVEL COMPATIBLE INPUT 
• DRIVING CURRENT QUASI 

PROPORTIONAL TO COLLECTOR 
CURRENT 

• DOUBLE FLAG-ON COIL CURRENT 

DESCRIPTION 
The VB027 is a high voltage power integrated 
circuit made using SGS-THOMSON 
Microelectronics Vertical Intelligent Power 
Technology, with vertical current flow power 
darlington and logic level compatible driving circuit. 

Built-in protection circuits for coil current limiting 
and collector voltage clamping allows the VB027 
to be used as a smart, high voltage, high current 
interface in advanced electronic ignition systems. 

BLOCK DIAGRAM 

November 1992 
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VB027 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

HVc Collector Voltage 

lc Collector Current 

vd Driving Stage Supply Voltage 

ld Driving Circuitry Supply Current 

Vm Maximum Input Voltage 

Tj Operating Junction Temperature 

Tstg Storage Temperature Range 

THERMAL DATA 

Thermal Resistance Junction Case (MAX) 

Thermal Resistance Junction Ambient (MAX) 

CONNECTION DIAGRAM 

,---1 V5 I I > 

0 4 I I 

3 I I 

2 I I 

rl-2- I I 
---. 

PC11120 

PIN FUNCTION 

No NAME FUNCTION 

1 GND Emitter Power and Control Ground 

2 Vd Supply Voltage For The Power Stage 

3 HVc Output to The Primary Coil 

4 INPUT 

Value 

Internally Limited 

Internally Limited 

7 

200 

10 

-40 to 150 

-55 to 150 

DIAG 
Vjn 
HVc 
vd 
GND 

1 .12 

62.5 

5 DIAGNOSTIC Output of a Logic Signal When lc Is Greater Than 3 A 

Unit 

v 

A 

v 

mA 

v 

oc 
oc 
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ELECTRICAL CHARACTERISTICS (Vb = 13.5 V; Ti 
unless otherwise specified) 

60 °C; Rcoil =51 0 mn; Lcoil = 2.85 mH; 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vel High Voltage Clamp V,n = 0.4 V -40°C ,; T1 ,; 125 °C 300 360 400 
lco1l = 6 A 

Vce(sat) Saturation Voltage of lc = 6A; ld=80mA; Vm = 4V 1.6 2 
The Power Stage 

V ce(sat)dt Saturation Voltage of lc = 6A; ld = 85 mA; Vm = 4V 2.5 
The Power Stage -40°C,; T1 ,; 125 °C 
Derating in Temperature 

ld(stdby) Stand-by Supply Vm = 0.4 V 10 
Current 

ld(on) Power On Supply Vm = 4 V ld = 6 A 130 
Current -40°C,; T1 ,; 125 °C 

vd Driver Stage Supply 4.5 5.5 
Voltage 

let Coil Current Lim1t Vm = 4 V (see note 1) 8 8.5 9 

lcl(td) Coil Current Limit Drift See figure 3 
With Temperature 

VmH High Level Input Voltage HVc < 2 V 4 5.5 

VmL Low Level Input Voltage lc < 2 mA HVc = Vb 0 0.8 

LnH High Level Input Current Vm = 4 V 40 100 

VdtagH High Level Diagnostic 3.5 vd 
Output Voltage 

VdtagL Low Level Diagnostic ld,agsmk = 2.5 mA 0.5 
Output Voltage 

ld1agTH1 Diagnostic Current First 4.25 4.5 4.75 
Threshold 

ldtagTDt Diagnostic Current First See figure 4 
Threshold Drift With 
Temperature 

ldtagTH2 Diagnostic Current 5.45 5.8 6.15 
Second Threshold 

ldtagTD2 Diagnostic Current See figure 5 
Second Threshold Drift 
With Temperature 

Idle Delay Time Coil Current lc = 5.5 A 25 

Inc Fall Time Coil Current lc = 5.5 A 8 

td(dtag) Delay Time Diagnostic RotAG = 4.7KQ Ct = 20 pF 1 
Current 

lr(d~ag) Rise Time Diagnostic RotAG = 4.7KQ Ct = 20 pF 1 
Current 

lt(dtag) Fall Time Diagnostic RoJAG = 4.7KQ c, = 20 pF 1 
Current 

Note 1. The pnmary coil current value lei must be measured 1 ms afterdesaturation of the power stage 

VB027 

Unit 

v 

v 

v 

mA 

mA 

v 

A 

v 
v 

(.lA 

v 

v 

A 

A 

(.IS 

(.IS 

(.IS 

(.IS 

(.IS 
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VB027 

PRINCIPLE OF OPERATION 
The VB027 is mainly intended as a high voltage 
power switch device driven by a logic level input 
and interfaces directly to a high energy electronic 
ignition coil. 

The input Vin of the VB027 is fed from a low 
power signal generated by an external controller 
that determines both dwell time and ignition point. 

During Vin high (2 4V) the VB027 increases 
current in the coil to the desired, internally set 
current level. 
After reaching this level, the coil current remains 
constant until the ignition point, that corresponds 
to the transition of Vin from high to low (typ. 1.9V 
threshold). 

During the coil current switch-off, the primary 
voltage HVc is clamped at an internally set value 
Vel, typically 360V. 

FIGURE1: Application Circuit 
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The transition from saturation to desaturation, 
coil current limiting phase, must have the ability 
to accomodate an overvoltage. A maximum 
overshoot of 20V is allowed. 

FEEDBACK 
When the collector current exceeds 4.5A, the 
feedback signal is turned high and it remains so, 
until the load current reaches 5.8A (second 
threshold), at that value, the feedback signal is 
turned low. 

OVERVOLTAGE 
The VB027 can withstand the following 
transients of the battery line: 

-120V/2msec (R, = 10 Q) 

+ 1 OOV/1 msec (R, = 10 Q) 

+50V/400msec (R; = 2 Q, with V1N = 3 V) 

) Vs = 5V ( 

=k Co 
I_47Jlf ) 
-=- :) 

~<u DIAG. vd 

VB027 

Vjn GND 

J- 1 I v, = sv 
: 

vd Q 

DIAG. 

HVc _j VB027 

Vrn 
GND 

_L 
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FIGURE 2: Switching Waveform 

I cl 

DIAG. 
---' 

FIGURE 3: Maximum lc1 Versus Temperature 
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FIGURE 5: ltlag2 Versus Temperature 
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FIGURE 4: lt1agl Versus Temperature 

ltlag1 
(A) 

5.0 

4.5 

4.0 

3.5 

3.0 
-40 0 

GC24910 

I 

40 80 120 TJ ('c) 

5/5 
----------------------------J:~l ~~~~~~~:~~l:l ----------------------------

481 

I 





VB921Z 
VB921ZFI 

HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 

• NO EXTERNAL COMPONENT REQUIRED 
• INTEGRATED HIGH VOLTAGE CLAMP 
a COIL CURRENT LIMIT INTERNALLY SET 
• HIGH RUGGEDNESS 

DESCRIPTION 
The VB921 Z and VB921 ZFI are monolithic high 
voltage integrated circuits made using 
SGS-THOMSON Microelectronics Vertical 
Intelligent Power Technology, which combines a 
vertical current flow power trilinton with a coil 
current limiting circuit and a collector voltage 
clamping. 
The device is peculiarly suitable for application in 
high performance electronic car ignition, where 
coil current limitation and voltage clamping are 
required. 

INTERNAL SCHEMATIC DIAGRAM 

I in 

November 1992 
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ADVANCE DATA 

T0-220 ISOWATT220 

HV c 

R sense 

GND 

1/2 

483 

I 



VB921Z/ZFI 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Value 

VB921Z I VB921ZFI 

HVc Collector Voltage Internally Limited 

lc Collector Current Internally Limited 

1m Input Current 50 

Ptot Total Dissipation at Tc = 25 °C 100 I 40 

Tstg Storage Temperature -40 to 150 

Tl Operating Junction Temperature -40 to150 

THERMAL DATA 

T0-220 IISOWATT220 

RthJ·case !Thermal Resistance Junction-case Max 1.25 I 3.12 

Rth1-amb I Thermal Resistance Junction-ambtent Max 62.5 

ELECTRICAL CHARACTERISTICS (Vbatt = 12 V, Tease = 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

I ego Collector Cut-off Vm = 0 HVc=250V 
Current 

Vet * Clamptng Voltage -40 < T1 < 125 °C 

Vcg(sat) Power Stage lc = 6 A 1m= 10 mA 
Saturation Voltage 

let * Coil Current Limit V,n = 5 V -40 s T1 s 1 25 °C 

l,n Input Current 

Vt ** Diode Forward Voltage It= 10 A 

• C01l data· pnmary res1stance R, = 0 4- 0 8 Q, pnmary tnductance L, = 6- 8 mH 

•• Pulsed Pulse duration= 300 ~s. duty cycle 1.5% 

Min. Typ. Max. 

250 

300 400 

2.5 

6.5 7 7.5 

10 

2.5 

Unit 

v 
A 

mA 

w 
oc 
oc 

°C/W 

°C/W 

Unit 

!-lA 

v 
v 

A 

mA 

v 
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VB921ZV 
VB921ZVFI 

HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 

• NO EXTERNAL COMPONENT REQUIRED 
• INTEGRATED HIGH VOLTAGE CLAMP 
• COIL CURRENT LIMIT INTERNALLY SET 
• HIGH RUGGEDNESS 

DESCRIPTION 
The VB921 ZV and VB921 ZVFI are monolithic 
high voltage integrated circuits made using 
SGS-THOMSON Microelectronics Vertical 
Intelligent Power Technology, which combines a 
vertical current flow power trilinton with a coil 
current limiting circuit and a collector voltage 
clamping. 
The device is peculiarly suitable for application in 
high performance electronic car ignition, where 
coil current limitation and voltage clamping are 
required. 

INTERNAL SCHEMATIC DIAGRAM 

November 1992 

SC06350 

ADVANCE DATA 

T0-220 ISOWATT220 

HV c 

R sense 

GND 

1/2 

485 

I 



VB921ZV/ZVFI 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Value 

VB921Z I VB921ZFI 

HVe Collector Voltage Internally Limited 

Von Maximum Input Voltage 8 

le Collector Current Internally Limited 

I on Input Current 20 

Ptot Total Dissipation at Te = 25 °C 100 I 40 

Tstg Storage Temperature -40 to 150 

T, Operating Junction Temperature -40 to150 

THERMAL DATA 

T0-220 IISOWATT220 

RthJ·ease !Thermal Resistance Junction-case Max 1.25 I 3.12 

Rth1-amb !Thermal Resistance Junction-ambient Max 62.5 

ELECTRICAL CHARACTERISTICS (Vbatt = 12 V, Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

I ego Collector Cut-off Von= 0 HVe=250V 
Current 

Vel * Clamping Voltage -40 < T1 < 125 °C 

Veg(sat) Power Stage le = 6 A lon = 10 rnA 
Saturation Voltage 

leJ * Coil Current Limit Von= 5 V -40 ~ T1 ~ 125 °C 
see note 1 

I on Input Current 

Vt ** Diode Forward Voltage It= 10 A 

Von Input Voltage 

Ale! Coil Current Variation Von = 4.5 - 5.5 V 
in Respect to Von = 5 V 

• Coil data: primary resistance R, ~ 0.4- 0.8 n, primary inductance L, ~ 6- 8 mH 

•• Pulsed: Pulse durat1on ~ 300 J.IS, duty cycle 1.5% 

NOTE 1: 1,, is also controlled in respect to the variation of Voo between 0.5 to 5.5 V 

Min. Typ. Max. 

250 

300 400 

2.5 

6.5 7 7.5 

8 

2.5 

4.5 5.5 

200 

Unit 

v 
A 

A 

rnA 

w 
oc 

oc 

°C/W 

°C/W 

Unit 

~A 

v 
v 

A 

rnA 

v 
v 

rnA 
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VN02N 

HIGH SIDE SMART POWER SOLID STATE RELAY 

• OUTPUT CURRENT (CONTINUOUS): 6A@ 
Tc=25°C 

• SV LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE SHUT-DOWN 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• VERY LOW STAND-BY POWER 

DISSIPATION 

DESCRIPTION 
The VN02N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The input control is SV logic level compatible. 
The open drain diagnostic output indicates open 
circuit (no load) and over temperature status. 

BLOCK DIAGRAM 

November 1992 

PENTAWATT 
(vertical) 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN02N 
PENTAWATThorizontal VN02N (011Y) 
PENTAWATTin-line VN02N (012Y) 

Vee 

OUTPUT 

GROUND 
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VN02N 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) 

IR Reverse Output Current 

liN Input Current 

-Vee Reverse Supply Voltage 

lsrAr Status Current 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 

Ptot Power Dissipation at T c s 25 °C 

Tj Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

r----1 Vs 

0 4 
3 
2 

----., -{)_2_ 

CURRENT AND VOLTAGE CONVENTIONS 

I I 

I I 

I 

I I 

I I 

PC10000 

SC04660 

Value 

60 

6 

-6 

±10 

-4 

±10 

2000 

29 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

mA 

v 
mA 

v 
w 
oc 

oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

4.35 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 ~ Tj ~ 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 7 26 

Ron On State Resistance louT= 3 A 0.8 
louT= 3 A T1 = 25 °C 0.4 

Is Supply Current Off State Tj <: 25 °C 50 
On State 15 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on) Turn-on Delay Time Of louT = 3 A Resistive Load 10 
Output Current Input Rise Time< 0.1 J.!S T1 = 25 °C 

tr Rise Time Of Output louT = 3 A Resistive Load 15 
Current Input Rise Time< 0.1 J.!S T1 = 25 °C 

td(ofl) Turn-off Delay Time Of louT= 3 A Resistive Load 15 
Output Current Input Rise Time< 0.1 J.!S T1 = 25 °C 

IJ Fall Time Of Output louT = 3 A Resistive Load 6 
Current Input Rise Time< 0.1 J.!S T1 = 25 °C 

(di!dt)on Turn-on Current Slope louT= 3 A 0.5 
louT= lov 2 

{di/dt)ofl Turn-off Current Slope louT= 3 A 2 
louT= lov 4 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

VJH Input High Level 2 (*) 
Voltage 

VJ(hyst) Input Hysteresis 0.5 
Voltage 

' iJN Input Current VJN = 5 V 250 500 

VICL Input Clamp Voltage IJN = 10 mA 6 
IJN = -10 mA -0.7 

PROTECTIONS AND DIAGNOSTICS 

Symbol Parameter Test Conditions Min. Typ. Max. 

VsTAT (•) Status Voltage Output lsTAT = 1.6 mA 0.4 
Low 

Vuso Under Voltage Shut 6.5 
Down 

VN02N 

Unit 

v 
n 
n 

J.!A 
mA 

Unit 

J.!S 

J.!S 

J.!S 

J.!S 

A/J.!S 
A/J.!S 

A/J.!S 
A/J.!S 

Unit 

v 

v 

v 

J.!A 

v 
v 

Unit 

v 

v 

3/7 -------------------------- L~l ~~~~&~~?~ --------------------------
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VN02N 

ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VscL (•) Status Clamp Voltage ISTAT = 10 mA 6 v 
I STAT = -10 mA -0.7 v 

tsc Switch-off Time in RLOAD < 10 mQ Tc = 25 °C 1.5 5 ms 
Short Circuit Condition 
at Start-Up 

lov Over Current RLOAD < 10 mQ -40 :> T c ,;; 125 °C 28 A 

IAv Average Current in RLOAD < 10 mQ Tc = 85 °C 0.9 A 
Short Circuit 

loL Open Load Current 5 70 mA 
Level 

TTSD Thermal Shut-down 140 oc 
Temperature 

TR Reset Temperature 125 oc 
( ) The v," 1s mternally clamped at 6V about. It 1s possible to connect thiS pm to an higher voltage v1a an external res1stor 
calculated to not exceed 10 rnA at the input pm. 
(•) Status determmation > 100 j.!S after the switching edge. 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 
To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vee) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 
In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 

PROTECTING THE DEVICE AGAINST REVER
SE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage ( -26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 

(fig. 3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -VF is seen by the device. (VIL, V1H 
thresholds and VsrAT are increased by VF with 
respect to power GND). 

-The undervoltage shutdown level is increased 
byVF. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board. 

In this way no shift of V1H, V1L and VsrAT takes 
place and no negative voltage appears on the 
INPUT pin; this solution allows the use of a 
standard diode, with a breakdown voltage able to 
handle any ISO normalized negative pulses that 
occours in the automotive environment. 

4/7 
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VN02N 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation L L H 
H H H 

Open Circuit (No Load) H H L 

Over-temperature H L L 

Under-voltage X L H 

Figure 1: Waveforms 

INPUT L__ll____ll_ INPUT ~ 
STATUS 

STATUS ---u---uu--
ON NORMAL g~F~ 

OPEN LOAD 
SWITCH OFF L__ll____ll_ OPERATION SWITCH 

1our ~ 1 OUT 
____/\___j\j\_ 

INPUT L__ll____ll_ INPUT L__ll____ll_ 
STATUS 

STATUS -------uu- THERMAL 
SHUTDOWN 

ON 
SWITCH 

ON 
SWITCH OFF UNDER OFF _____lUlfL__JL_ 

VOLTAGE 140°C 

lour 'our _____/\1\f\____ 
125°C 

SC04690 

Figure 2: Over Current Test Circuit I 
5m0 

I nom= 1 OOA 
+ 

E 0.1 F 
<10m0 

ESR<10m0 

SC04710 
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VN02N 

Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

Vee 

VNXX 

GND 

POWER GND 

INPUT 

STATUS 

SC04671 

Figure 4: Typical Application Circuit With Separate Signal Ground 
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Ros(on) vs Junction Temperature 
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(m 0) 
500 

I 0=3A 

VI 

GCI8850 

w 
~3V 

400 
Vcc=26~ v 
v / 

/ v/ / 
300 

/ /v 
/ 

200 

-50 0 50 100 TJ (°C) 

Ros(on) vs Output Current 
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VN03 

ISO HIGH SIDE SMART POWER SOLID STATE RELAY 

• MAXIMUM CONTINUOUS OUTPUT 
CURRENT(#): 4 A@ Tc= 85°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VN03 is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vee and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative (-18V) 
load voltage at turn-off. 

BLOCK DIAGRAM 

SC06270 

PENTAWATT 
(vertical) 

PRELIMINARY DATA 

PENTAWATT 
(horizontal) 

PENTAWATT 
{in-line) 

ORDER CODES: 
PENTAWATTvertical VN03 
PENTAWATThorizontal VN03 (011Y) 
PENTAWATTin-line VN03 (012Y) 

Vee 

GROUND 

(') In~ Nom mal current accordmg to ISO defm1t1on for h1gh Side automotiVe SWitch (see note 1) 
(#)The max1mum continuous output current JS the current at Tc == 85 °C for a battery voltage of 13 V wh1ch does not activate 
self protection 

November 1992 1/7 
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VN03 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) at T c = 85 °C 

IR Reverse Output Current at Tc = 85 °C 

liN Input Current 

-Vee Reverse Supply Voltage 

lsrAT Status Current 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 

Ptot Power Dissipation at Tc = 85 °C 

T, Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

~ \J5 

0 4 
3 
2 

.....___, -f\.-2_ 

CURRENT AND VOLTAGE CONVENTIONS 

496 

I I 

I I > 
I I > 
I I 

I I > 

PC10000 

SC04660 

Value 

60 

4 

-4 

±10 

-4 

±10 

2000 

14 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

rnA 

v 
mA 

v 
w 
oc 

oc 



THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

4 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 ~ T1 ~ 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 5.5 13 26 

In(*) Nominal Current Tc = 85 °C Vos(on) :<> 0.5 (note 1) 0.7 

Ron On State Resistance lour= 0.7 A 1 
lour= 0.7 A T1 = 25 °C 0.5 

Is Supply Current Off State T1 ~ 25 °C 50 
On State 15 

Vos(MAX) Maximum Voltage Drop lour= 4 A Tc = 85 °C 3.6 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on){') Turn-on Delay Time Of lour= 0.7 A Resistive Load 15 
Output Current Input Rise Time< 0.1 f!S 

tr(") Rise Time Of Output lour= 0.7 A Resistive Load 10 
Current Input Rise Time< 0.1 flS 

ld(off){') Turn-off Delay Time Of lour= 0.7 A Resistive Load 15 
Output Current Input Rise Time< 0.1 flS 

It(") Fall Time Of Output lour= 0.7 A Resistive Load 4 
Current Input Rise Time< 0.1 f!S 

(di/dl)on Turn-on Current Slope lour= 0.7 A 0.05 0.5 
lour= lev 1 

(di/dt)off Turn-off Current Slope lour= 0.7 A 0.14 3 
lour= lev 3 

Vdemag Inductive Load Clamp lour= 0.7 A L= 1 mH -24 -18 -14 
Voltage 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

V1L Input Low Level 0.8 
Voltage 

VJH Input High Level 2 (•) 
Voltage 

VJ(hyst) Input Hysteresis 0.5 
Voltage 

iJN Input Current V1N = 5 V 250 500 
VJN = 2 V 250 
V1N = 0.8 V 25 

VICL Input Clamp Voltage I1N = 10 rnA 5.5 6 
i1N = -10 rnA -0.7 -0.3 

VN03 

Unit 

v 
A 

Q 

n 
flA 
rnA 

v 

Unit 

flS 

flS 

flS 

flS 

A/flS 
A/f!S 

A/flS 
A/flS 

v 

Unit 

v 

v 

v 

flA 
flA 
flA 

v 
v 
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VN03 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions 

VsrAT Status Voltage Output lsTAT = 1.6 mA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage lsTAT = 10 rnA 
lsTAT = -10 rnA 

lov Over Current RLOAD < 10 mQ -40 ::; T c ::; 125 °C 

IAv Average Current in RLOAD < 10 mQ Tc=85°C 
Short Circuit 

IOL Open Load Current 
Level 

Trso Thermal Shut-down 
Temperature 

TR Reset Temperature 

VoL Open Load Voltage Off-State (note 2) 
Level 

t1(on) Open Load Filtering (note 3) 
Time 

l1(off) Open Load Filtering (note 3) 
Time 

l2(off) Open Load Filtering (note 3) 
Time 

1povl Status Delay (note 3) 

!pol Status Delay (note 3) 
A ( ) See Sw1tch1g T1me Waveforms 

Min. Typ. Max. Unit 

0.4 v 

5 v 

6 v 
-0.7 v 

28 A 

0.9 A 

5 35 70 rnA 

140 oc 

125 oc 

2.5 3.75 5 v 

1 5 10 ms 

1 5 10 ms 

1 5 10 ms 

5 10 !lS 

50 700 !lS 

(•) The v,H is internally clamped at 6V about. It is possible to connect this pin to an higher voltage VIa an external resistor 
calculated to not exceed I 0 mA at the input pin 
note 1: The Nominal Current IS the current at T, = 85 •c for battery voltage of 13V which produces a voltage drop of 0.5 v 
note 2: loLJoiiJ =(Vee -VoL)iRoL (see figure) 
note 3: l11o"J: mimmum open load duration which acct1vates the status output 

l1(o111: minimum load recovery time which desact1vates the status output 
12(oll)· m1mmum on t1me after thermal shut down which desactivates status output 
lpo•l !pol: ISO defmition (see f1gure) 

Note 2 Relevant Figure Note 3 Relevant Figure 

Input 1\ _,,,. ,.., rl-----
fault 
voltage 

GND 
SC06370 

0.8V 

1 

I 
I 
I 
I 1------,---

tpol or tpovl 

scouso 
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Switching Time Waveforms 

10% 

d'/dl 
(of!) 

input lL_____J_ ____ __,_ ____ --.~ 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vee and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (lpovl)in case 
of overtemperature condition and a delay (!poi) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 
To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vee) and temperature, the ther
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an internal function of the 

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

VN03 

device ensures the fast demagnetization with a 
typical voltage (Vdemag) of -18V. 
This function allows to greatly reduce the power 
dissipation according to the formula: 

Pdem = 0.5 • Lioad • (hoad • [(Vcc+Vdemag)Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage 
Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is intact a function of the load 
current for a fixed Vee. Vdemag and f. 

PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 
The device is able to withstand the test pulse 
No.5 at level II (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any external 
component. This means that all functions of the 
device are performed as designed after 
exposure to disturbance at level II. The VN03 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1000 
~F between pin 3 and ground (if RLOAD ~ 20 Q). 

PROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 
(fig.3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by VI with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by VI. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board avoiding shift of V;h, Vii and Vstat. This 
solution allows the use of a standard diode. 

I 
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VN03 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation L L 
H H 

Over-temperature H L 

Under-voltage X L 

Short load to Vee L H 

Figure 1: Waveforms 
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Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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VN05N 

HIGH SIDE SMART POWER SOLID STATE RELAY 

• OUTPUT CURRENT (CONTINUOUS): 12A@ 
Tc=25°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE SHUT-DOWN 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• VERY LOW STAND-BY POWER 

DISSIPATION 

DESCRIPTION 
The VN05N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The input control is 5V logic level compatible. 
The open drain diagnostic output indicates open 
circuit (no load) and over temperature status. 

BLOCK DIAGRAM 

November 1992 

PENTAWATT 
(vertical) 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN05N 
PENTA WATT horizontal VN05N (011Y) 
PENTA WATT in-line VN05N (012Y) 

Vee 

OUTPUT 

GROUND 
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VNOSN 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

louT Output Current (cont.) 

IR Reverse Output Current 

liN Input Current 

-Vee Reverse Supply Voltage 

I sTAT Status Current 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 

Ptot Power Dissipation at Tc ~ 25 °C 

Tl Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

,...------1 \J5 

0 
4 
3 
2 

'------1 -rl---2-

CURRENT AND VOLTAGE CONVENTIONS 

I I 

I I 

I I 

I I ::> 
I I ::> 

PC10000 

SC04660 

Value 

60 

12 

-12 

±10 

-4 

±10 

2000 

52 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

rnA 

v 
rnA 

v 
w 
oc 

oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

2.4 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 ~ T1 ~ 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 7 26 

Ron On State Resistance lour= 6 A 0.36 
lour= 6 A T1 = 25 °C 0.18 

Is Supply Current Off State T1 ~ 25 °C 50 
On State 15 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

ld(on) Turn-on Delay Time Of lour= 6 A Resistive Load 15 
Output Current Input Rise Time< 0.1 J.IS T1 = 25 °C 

tr Rise Time Of Output lour= 6 A Resistive Load 30 
Current Input Rise Time < 0.1 J.IS T1 = 25 °C 

ld(off) Turn-off Delay Time Of lour = 6 A Resistive Load 20 
Output Current Input Rise Time< 0.1 J.IS T1 = 25 °C 

It Fall Time Of Output lour = 6 A Resistive Load 10 
Current Input Rise Time< 0.1 J.IS Tj = 25 °C 

(di/dl}on Turn-on Current Slope lour= 6 A 0.5 
lour= lov 2 

(di/dl}off Turn-off Current Slope lour= 6 A 2 
lour= lov 4 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

V1H Input High Level 2 (') 
Voltage 

VJ(hyst) Input Hysteresis 0.5 
Voltage 

IJN Input Current VJN = 5 v 250 500 

V1eL Input Clamp Voltage I1N = 10 rnA 6 
IJN = -10 rnA -0.7 

PROTECTIONS AND DIAGNOSTICS 

Symbol Parameter Test Conditions Min. Typ. Max. 

VsrAr (•) Status Voltage Output lsrAr = 1.6 rnA 0.4 
Low 

Vuso Under Voltage Shut 6.5 
Down 

VN05N 

Unit 

v 
Q 

Q 

J.IA 
rnA 

Unit 

J.!S 

J.IS 

J.IS 

J.!S 

AIJ.IS 
A/J.IS 

A/J.IS 
A/J.IS 

Unit 

v 

v 

v 

J.IA 

v 
v 

Unit 

v 

v 
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VNOSN 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VscL (•) Status Clamp Voltage ISTAT = 10 mA 6 v 
I sTAT= -10 mA -0.7 v 

tsc Switch-off Time in RLOAD < 10 mQ Tc=25°C 1 .5 5 ms 
Short Circuit Condition 
at Start-Up 

lov Over Current RLOAD < 10 mQ -40 S Tc S 125 °C 60 A 

IAv Average Current in RLOAD < 10 mQ Tc=85°C 1.4 A 
Short Circuit 

loL Open Load Current 5 180 mA 
Level 

TTSo Thermal Shut-down 140 oc 
Temperature 

TR Reset Temperature 125 oc . ( ) The V1H IS Internally clamped at 6V about. It IS poss1ble to connect th1s pin to an h1gher voltage v1a an external resistor 
calculated to not exceed 10 mA at the input pin. 
(•) Status determination> 100 ~s after the SWitching edge 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 
To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vee) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 
In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 

PROTECTING THE DEVICE AGAINST REVER
SE BATIERY 
The simplest way to protect the device against a 
continuous reverse battery voltage ( -26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 

(fig. 3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -VF is seen by the device. (VIL, V1H 
thresholds and VsrAT are increased by VF with 
respect to power GND). 

- The undervoltage shutdown level is increased 
byVF. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board. 
In this way no shift of V1H, V1L and VsTAT takes 
place and no negative voltage appears on the 
INPUT pin; this solution allows the use of a 
standard diode, with a breakdown voltage able to 
handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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TRUTH TABLE 

INPUT 

Normal Operation L 
H 

Open Circuit (No Load) H 

Over-temperature H 

Under-voltage X 

Figure 1: Waveforms 

INPUT ~ 

STATUS 

SWITCH g~F ~ ~~~~:~ON 
1our 

STATUS 

ON 
SWITCH OFF UNDER 

VOLTAGE 

I OUT 

Figure 2: Over Current Test Circuit 

1nom=100A 
+ 

E 0.1 F 

ESR<10m 0 

VNOSN 

OUTPUT DIAGNOSTIC 

INPUT 

STATUS 

L 
H 

H 

L 

L 

ON 
SWITCH OFF~ 

louT 

INPUT ~ 
STATUS --u-u---
SWITCH 

ON 
OFF~ 

I OUT ~ 

SC04690 

5m0 

H 
H 

L 

L 

H 

OPEN LOAD 

THERMAL 
SHUTDOWN 

140°C 

125°C 

<10m0 

SC04710 
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VN05N 

Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

VNXX 

GND 

Vee 

POWER GND 

Figure 4: Typical Application Circuit With Separate Signal Ground 
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CONTROL 
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Ros(on) vs Junction Temperature 

R(on) 
(m 0 ) 

200 

150 

I 0 =5.5A 

CCI!i551 

/ 
/ t?' 

Vcc=25'% v 
100 , 

..... 

50 
-so 

/ -/ -;';v 
v 

0 

Ros(on) vs Output Current 
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(m o) 
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200 
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100 

50 

0 
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.. 

4 6 

Output Current Derating 
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Ros(on) vs Supply Voltage 
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VN06 

ISO HIGH SIDE SMART POWER SOLID STATE RELAY 

• MAXIMUM CONTINUOUS OUTPUT 
CURRENT(#): 8.5 A@ Tc= 85°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VN06 is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vee and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative ( -18V) 
load voltage at turn-off. 

BLOCK DIAGRAM 

SC06270 

PENTAWATT 
(vertical) 

PRELIMINARY DATA 

PENTAWATT 
(horizontal)' 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN06 
PENTAWATT horizontal VN06 (011Y) 
PENTAWATTin-line VN06 (012Y) 

Vee 

GROUND 

(•) In= Nom mal current accordmg to ISO defm1t1on for high s1de automot1ve sw1tch (see note 1) 
(#)The max1mum continuous output current is the current at T, = 85 'e for a battery voltage of 13 V wh1ch does not actiVate 
self protection 
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VN06 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)OSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) at T c = 85 °C 

IR Reverse Output Current at Tc = 85 °C 

hN Input Current 

-Vee Reverse Supply Voltage 

lsTAT Status Current 

VESO Electrostatic Discharge (1.5 kn, 100 pF) 

Ptot Power Dissipation at Tc = 85 °C 

TJ Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

__. 
"\Js 

0 4 
3 
2 

-----. /)....!_ 

CURRENT AND VOLTAGE CONVENTIONS 

I > 
> 

I I 

I I > 

PC10000 

SC04660 

Value 

60 

8.5 

-8.5 

±10 

-4 

±10 

2000 

23 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

rnA 

v 
rnA 

v 
w 
oc 

oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

2.4 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 :'> Tj::; 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 5.5 13 26 

In(•) Nominal Current Tc = 85 °C Vos(on) :5 0.5 (note 1) 1.9 

Ron On State Resistance lour= 1.9 A 0.36 
lour= 1.9 A T1 = 25 °C 0.18 

Is Supply Current Off State T1 ~ 25 °C 50 
On State 15 

Vos(MAX) Maximum Voltage Drop lour= 8.5 A Tc = 85 °C 2.75 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on)(A) Turn-on Delay Time Of louT = 1 .9 A Resistive Load 20 
Output Current Input Rise Time< 0.1 11s 

tr(A) Rise Time Of Output lour = 1 .9 A Resistive Load 20 
Current Input Rise Time < 0.1 llS 

td(off)(A) Turn-off Delay Time Of lour = 1 .9 A Resistive Load 25 
Output Current Input Rise Time < 0.1 j.IS 

If( A) Fall Time Of Output lour = 1.9 A Resistive Load 6 
Current Input Rise Time< 0.1 j.IS 

(dildt)on Turn-on Current Slope lour= 1.9 A 0.08 0.5 
louT= lev 1 

(dildt)off Turn-off Current Slope lour= 1.9 A 0.2 3 
lour= lev 3 

Vdemag Inductive Load Clamp lour= 1.9 A L = 1 mH -24 -18 -14 
Voltage 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

VJH Input High Level 2 (•) 
Voltage 

VJ(hyst) Input Hysteresis 0.5 
Voltage 

hN Input Current V1N = 5 V 250 500 
V1N = 2 V 250 
V1N = 0.8 V 25 

V1cL Input Clamp Voltage I1N = 10 mA 5.5 6 
I1N = -10 mA -0.7 -0.3 

VN06 

Unit 

v 
A 

Q 

Q 

llA 
mA 

v 

Unit 

j.IS 

j.IS 

j.IS 

j.IS 

A/j.IS 
A/j.IS 

A/j.IS 
A/j.IS 

v 

Unit 

v 

v 

v 

llA 
j.IA 
llA 

v 
v 
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VN06 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions 

VsrAT Status Voltage Output isTAT = 1.6 mA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage isTAT = 10 mA 
isTAT = -10 mA 

lov Over Current RLOAD < 10 mQ -40~Tc~125°C 

IAv Average Current in RLOAD < 10 mQ Tc=85°C 
Short Circuit 

loL Open Load Current 
Level 

Trso Thermal Shut-down 
Temperature 

TR Reset Temperature 

VoL Open Load Voltage Off-State (note 2) 
Level 

t1 (on) Open Load Filtering (note 3) 
Time 

t1 (off) Open Load Filtering (note 3) 
Time 

t2(off) Open Load Filtering (note 3) 
Time 

tpovl Status Delay (note 3) 

!pol Status Delay (note 3) 
(') See Swrtchrg Trme Waveforms 

Min. Typ. Max. Unit 

0.4 v 

5 v 

6 v 
-0.7 v 

60 A 

1.4 A 

5 80 180 mA 

140 oc 

125 oc 

2.5 3.75 5 v 

1 5 10 ms 

1 5 10 ms 

1 5 10 ms 

5 10 JlS 

50 700 JlS 

(•) The v," is internally clamped at 6V about. It is possible to connect this pin to an higher voltage v1a an external resistor 
calculated to not exceed 10 rnA at the input pin. 
note 1: The Nominal Current IS the current at Tc = 85 'C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: lm(oiiJ =(Vee -Vol)/RoL (see frgure) 
note 3: t1 1on1: mrnimum open load duratron which acctivates the status output 

t1(of!J: mmimum load recovery time which desactivates the status output 
l21o11J: minimum on time after thermal shut down which desactivates status output 
t,,, t,,,: ISO definition (see figure) 

Note 2 Relevant Figure 

R ol 

GND 
SC06.HO 

Note 3 Relevant Figure 

Input ~ voltage 

O.BV~-----

1 
I 

Fault I 
voltage I 

0.8V f---- ---+---
tpol or tpovl 

SC06380 
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Switching Time Waveforms 

10:?: 

input!'----'----------'--------;~ 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vee and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (lpovt)in case 
of overtemperature condition and a delay (!pol) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 
To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vee) and temperature, the ther
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an internal function of the 

VN06 

device ensures the fast demagnetization with a 
typical voltage (V demag) of -18V. 
This function allows to greatly reduce the power 
dissipation according to the formula: 

Pdem = 0.5 • Ltoad • (ltoad)2 • [(Vcc+Vdemag)Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage 
Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is intact a function of the load 
current for a fixed Vee, Vdemag and f. 

PROTECTING THE DEVICE AGAIST LOAD 
DUMP -TEST PULSE 5 
The device is able to withstand the test pulse 
No.5 at level II (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any external 
component. This means that all functions of the 
device are performed as designed after 
exposure to disturbance at level II. The VN06 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1 000 
f.LF between pin 3 and ground (if RLOAD :s 20 Q). 

PROTECTING THE DEVICE AGAINST 
REVERSE BATIERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 
(fig.3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by Vf. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4). which becomes 
the common signal GND for the whole control 
board avoiding shift of Vrh, Vrt and Vstat. This 
solution allows the use of a standard diode. 
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VN06 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation 

Over-temperature 

Under-voltage 

Short load to Vee 

Figure 1: Waveforms 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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VN06 

Ros(on) vs Junction Temperature 
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VN168 

ISO HIGH SIDE SMART POWER SOLID STATE RELAY 

• MAXIMUM CONTINUOUS OUTPUT 
CURRENT(#): 20 A@ Tc= 85°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VN16B is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vee and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative ( -18V) 
load voltage at turn-off. 

BLOCK DIAGRAM 

PENTAWATT 
(vertical) 

PRELIMINARY DATA 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN16B 
PENTA WATT horizontal VN16B (011 Y) 
PENTA WATT in-line VN16B (012Y) 

GNO SC06580 

(") In= Nom mal current accordmg to ISO defm1tion for h1gh s1de automotive switch (see note 1) 
(#)The maximum contmuous output current is the current at Tc = 85 oe for a battery voltage of 13 V which does not activate 
self protection 
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VN16B 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

louT Output Current (cont.) at Tc = 85 °C 

louT(RMS) RMS Output Current at Tc = 85 °C 

IR Reverse Output Current at Tc = 85 °C (I> 1Hz) 

I1N Input Current 

-Vee Reverse Supply Voltage 

I STAT Status Current 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 

Ptot Power Dissipation at Tc = 25 °C 

TJ Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

,-----1 -us I I 

0 
4 I I 

3 I I 

2 I I 

.()...2_ I I .___, 
PC10000 

CURRENT AND VOLTAGE CONVENTIONS 

:?'" 

SC04660 

Value 

40 

20 

20 

-20 

±10 

-4 

±10 

2000 

82 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

A 

rnA 

v 
rnA 

v 
w 
oc 

oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.4 
60 

VN168 

ELECTRICAL CHARACTERISTICS (8 <Vee < 16 V; -40 ~ T1 ~ 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vee Supply Voltage 6 13 26 v 
In(') Nominal Current Tc; 85 °C Vos(on) ~ 0.5 Vee; 13 V 5.6 8.8 A 

Ron On State Resistance lour; In Vee; 13 V T1 ; 25 °C 0.038 0.06 Q 

Is Supply Current Off State Vee; 13 V T1 ;;, 25 °C 25 50 flA 

Vos(MAX) Maximum Voltage Drop lour; 20 A Vcc;13V Tc;85°C 1 1.8 v 
R, Output to GND Internal T1 ; 25 °C 5 10 20 KQ 

Impedance 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

ld(on)(') Turn-on Delay Time Of R1oad; 1.6 Q 5 50 500 flS 
Output Current 

t,(') Rise Time Of Output R1oad; 1.6 Q 40 100 680 f!S 
Current 

td(off)(') Turn-off Delay Time Of R1oad; 1.6 Q 10 100 500 f!S 
Output Current 

It(') Fall Time Of Output R1oad; 1.6 Q 40 100 680 flS 
Current 

(di/dt)on Turn-on Current Slope R1oad; 1.6 Q Vee; 13 V 0.008 0.1 A/flS 

(dildt)off Turn-off Current Slope RJoad; 1.6 Q Vee; 13 V 0.008 0.1 A/flS 

Vdemag Inductive Load Clamp RJoad; 1.6 Q L; 1 mH -24 -18 -14 v 
Voltage 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VJL Input Low Leve I 1.5 v 
Voltage 

VJH Input High Level 3.5 (•) v 
Voltage 

VJ(hyst) Input Hysteresis 0.2 1 1.5 v 
Voltage 

IJN Input Current VJN; 5 V T1 ; 25 °C 100 flA 

V1cL Input Clamp Voltage iJN; 10 mA 5 6 7 v 
I1N; -10 mA -0.7 v 

3/7 
--------------------------- L~J ~~~~~~:~~ ---------------------------
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VN16B 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions 

VsrAT Status Voltage Output lsTAT = 1.6 rnA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage lsTAT = 10 rnA 
lsTAT = -10 rnA 

Trso Thermal Shut-down 
Temperature 

TsD(hyst 1 Thermal Shut-down 
Hysteresis 

TR Reset Temperature 

VoL Open Voltage Level Off-State (note 2) 

loL Open Load Current On-State 
Level 

lpovl Status Delay (note 3) 

!pol Status Delay (note 3) . 

Min. Typ. Max. Unit 

0.4 v 

3.5 5 6 v 

5 6 7 v 
-0.7 v 

140 160 180 oc 

15 50 oc 

125 oc 

2.5 3.8 5 v 
0.15 0.85 A 

5 10 J.lS 

50 400 2500 j.lS 

( ) In- Nom mal current accordmg to ISO defm1t1on for high s1de automot1ve sw1tch (see note 1) 
(•) See Switchig Time Waveforms 
(•) The V1H is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 rnA at the input pin. 
note 1: The Nommal Current Js the current at Tc = 85 •c for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: loL(offl =(Vee -VOL)IRoL (see figure) 
note 3: lpovl !pol: ISO defm1tion (see f1gure) 

Note 2 Relevant Figure 

SCC6.370 

Note 3 Relevant Figure 

Input ~ voltage 

o.av~-----

1 
I 

Faull I 
voltage I 

I 
0.8V 1------~---

1 

tpol or tpovl 

SC063BO 

_41_7 __________ L•• SGS·THOMSON -----------
• J • ~O©Dil@mn.~Wirllil@li!IOC$ 
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Switching Time Waveforms 

iload 

di/dt 1/ (on) 

10%+ 

input t + ' 1--------1 td (on) 

I 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open load in on-state, open load in 
off-state, over temperature conditions and 
stuck-on to Vee. 
From the falling edge of the input signal, the 
status output, initially low to signal a fault 
condition (overtemperature or open load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (tpol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vee) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor being 
located inside the Power MOS area. An internal 
function of the devices ensures the fast 
demagnetization of inductive loads with a typical 
voltage (Vdemag) of -18V. This function allows to 
greatly reduces the power dissipation according 
to the formula: 

Pdem = 0.5 • Lroad • (lroad)2 • [(Vcc+Vdemag)Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage. 

VN16B 

90% \ di/dt 
(off) 

!--+ td (off) 

I . 
t 

SC05480 

The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vee, Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vee not 
exceeding 16V, it will switch off. 

~ROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage ( -26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 
(fig.3). 
The consequences of the voltage drop across 
this diode are as follows: I 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by Vf. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 3), which becomes 
the common signal GND for the whole control 
board avoiding shift of V,h, V,r and Vstat- This 
solution allows the use of a standard diode. 

~ 5/7 
---------------------------- A.~/ ~~~~~~~:~~~ ----------------------------
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VN168 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation L L H 
H H H 

Over-temperature X L L 

Under-voltage X L H 

Short load to V cc H H L 
L H L 

Open Load H H L 
L L L (#) 

(#) W1th an add1t1onal external res1stor 

Figure 1: Waveforms 

INPUT ~ INPUT ~ 
STATUS 

STATUS ~ 
OPEN LOAD 

On 
~ 

NORMAL SWITCH On 
~ SWITCH Off OPERATION Off 

1our ~_____}\___/\__ lour __/\_______AA__ 

INPUT ~ INPUT ~ 
STATUS 

~ STATUS THERMAL 
SHUTDOWN 

On 
SWITCH 

On _____lUliL_j"l_ SWITCH Off UNDER Off 
VOLTAGE t 40°C 

louT lour ____MfL___J\_ 
125°C 

INPUT ~ 
LOAD OUTPUT SHORTED 

CURRENT TO Vee 

DIAG 

On 
~ SWITCH Off SC06590 

6/7 ---------------------------- J:~, ~~~~~~:~~~ ----------------------------
524 



Figure 2: Over Current Test Circuit 

I nom =1 OOA 
+ 

E 
<10m0 

0.1 F 

ESR<10m0 

SC04710 

Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

VNXX 

GND 

INPUT 

STATUS 

SC04671 

POWER GND 

Figure 4: Typical Application Circuit With Separate Signal Ground 

CONTROL 
UNIT 

GND 

SC06051 

,------<p----o + v cc 

1 OKrl 

STATUS 

( 1) 
LOAD 

POWER GND 

VN168 
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VN20N 

HIGH SIDE SMART POWER SOLID STATE RELAY 

• OUTPUT CURRENT (CONTINUOUS): 28A@ 
Tc=25°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE SHUT-DOWN 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• VERY LOW STAND-BY POWER 

DISSIPATION 

DESCRIPTION 
The VN20N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The input control is 5V logic level compatible. 
The open drain diagnostic output indicates open 
circuit (no load) and over temperature status. 

BLOCK DIAGRAM 

November 1992 

PENTAWATT 
(vertical) 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN20N 
PENTAWATThorizontal VN20N (011Y) 
PENTAWATTin-line VN20N (012Y) 

Vee 

OUTPUT 

GROUND 

1/7 
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VN20N 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)OSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) 

IR Reverse Output Current 

liN Input Current 

-Vee Reverse Supply Voltage 

isTAT Status Current 

Veso Electrostatic Discharge (1.5 kn, 100 pF) 

Ptot Power Dissipation at T c $ 25 °C 

Tt Junction Operating Temperature 

Tstg Storage :Temperature 

CONNECTION DIAGRAM 

...----' V5 

0 4 
3 
2 

'"-----1 -C\--2-

CURRENT AND VOLTAGE CONVENTIONS 

I I 

I 

I 

~ 

I I 

PC10000 

SC04660 

Value 

60 

28 

-28 

±10 

-4 

±10 

2000 

80 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Unit 

v 
A 

A 

mA 

v 
mA 

v 
w 
oc 

oc 

2/7 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.56 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40::; Tj::; 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 7 26 

Ron On State Resistance louT=14A 0.1 
louT= 14 A T1 = 25 °C 0.05 

Is Supply Current Off State T1 ~ 25 °C 50 
On State 15 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on) Turn-on Delay Time Of louT= 14 A Resistive Load 30 
Output Current Input Rise Time < 0.1 f.IS T1 = 25 °C 

tr Rise Time Of Output lour= 14 A Resistive Load 70 
Current Input Rise Time< 0.1 f.IS T1 = 25 °C 

td(off) Turn-off Delay Time Of louT = 14 A Resistive Load 40 
Output Current Input Rise Time< 0.1 f.IS T1 = 25 °C 

It Fall Time Of Output louT = 14 A Resistive Load 30 
Current Input Rise Time< 0.1 f.IS Tj = 25 °C 

{di/dt)on Turn-on Current Slope louT=14A 0.5 
louT= lov 2 

(di/dt)off Turn-off Current Slope louT= 14 A 2 
louT= lov 4 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

V1H Input High Level 2 (') 
Voltage 

VJ(hyst.) Input Hysteresis 0.5 
Voltage 

lJN Input Current VJN = 5 V 250 500 

VJeL Input Clamp Voltage I1N = 10 mA 6 
lJN=-10mA -0.7 

PROTECTIONS AND DIAGNOSTICS 

Symbol Parameter Test Conditions Min. Typ. Max. 

VsTAT (•) Status Voltage Output lsTAT = 1.6 mA 0.4 
Low 

Vuso Under Voltage Shut 6.5 
Down 

VN20N 

Unit 

v 
Q 

Q 

f.! A 
mA 

Unit 

(.IS 

(.IS 

(.IS 

(.IS 

A/ (.IS 
A/ (.IS 

A/ (.Is 
A/ (.IS 

Unit 

v 

v 

v 

JlA 

v 
v 

Unit 

v 

v 
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VN20N 

ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VscL (•) Status Clamp Voltage lsTAT = 10 mA 6 v 
lsTAT = ·10 mA -0.7 v 

tsc Switch-off Time in RLOAD < 10 mQ Tc=25°C 2 5 ms 
Short Circuit Condition 
at Start-Up 

lov Over Current RLOAD < 10 mQ -40 ,; T c ,; 125 °C 140 A 

IAv Average Current in RLOAD < 10 mQ Tc = 85 °C 2.5 A 
Short Circuit 

loL Open Load Current 5 700 mA 
Level 

TTso Thermal Shut-down 140 oc 
Temperature 

TR Reset Temperature 125 oc 
( ) The v," 1s Internally clamped at 6V about. It 1s poss1ble to connect th1s pm to an higher voltage v1a an external resistor 
calculated to not exceed 10 mA at the input pm. 
(•) Status determination> 100 ~s after the switching edge. 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 
To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vee) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 
In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 

PROTECTING THE DEVICE AGAINST REVER
SE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 

530 

(fig. 3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -VF is seen by the device. (VIL, V1H 
thresholds and VsTAT are increased by VF with 
respect to power GND). 

- The undervoltage shutdown level is increased 
byVF. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board. 

In this way no shift of V1H, V1L and VsrAT takes 
place and no negative voltage appears on the 
INPUT pin; this solution allows the use of a 
standard diode, with a breakdown voltage able to 
handle any ISO normalized negative pulses that 
occours in the automotive environment. 



TRUTH TABLE 

INPUT 

Normal Operation L 
H 

Open Circuit (No Load) H 

Over-temperature H 

Under-voltage X 

Figure 1: Waveforms 

STATUS 

ON 1 ,---, ,---, NORMAL 
SWITCH OFF L__1 L__1 I_ OPERATION 

1our 

STATUS 

ON 
SWITCH OFF '--------- UNDER 

VOLTAGE 

louT 

Figure 2: Over Current Test Circuit 

1nom=100A 

+ 

E 0.1 F 

ESR<10m 0 

INPUT 

STATUS 

I OUT 

INPUT 

STATUS 

VN20N 

OUTPUT DIAGNOSTIC 

L H 
H H 

H L 

L L 

L H 

OPEN LOAD 

L___ll___Sl_ 

~ THERMAL 
SHUTDOWN 

SWITCH 
ON 
OFF~ 

140°C 

lour ~ 
125°C 

SC04690 

5m0 

<10m0 

SC04710 
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VN20N 

Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

VNXX 

GND 

POWER GND 

Figure 4: Typical Application Circuit With Separate Signal Ground 
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Ros(on) vs Junction Temperature 

R(on) 
(m 0) 

I D =14A 

GCI:5621 

70 

~ 
v 

./ 
, 

50 
Ycc=26V k' 
~ ~ 13V 

30 

10 
-50 

==""'" 

0 

Ros(on) vs Output Current 

R(on) 
(m 0) 

80 

70 

50 

TJ=85'C 

/'...-60 
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_, 
TJ =25 ·c 

40 

30 

20 
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Output Current Derating 
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24 ' 
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Ros(on) vs Supply Voltage 
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VN21 

ISO HIGH SIDE SMART POWER SOLID STATE RELAY 

• MAXIMUM CONTINUOUS OUTPUT 
CURRENT(#): 20 A@ Tc= 85°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VN21 is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vee and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative ( -18V) 
load voltage at turn-off. 

BLOCK DIAGRAM 

SC06270 

. PENTAWATI 
(vertical) 

PRELIMINARY DATA 

PENTAWATI 
(horizontal) 

PENTAWATI 
(in-line) 

ORDER CODES: 
PENTAWATivertical VN21 
PENTAWATihorizontal VN21 (011Y) 
PENTAWATI in-line VN21 (012Y) 

Vee 

GROUND 

(') In= Nominal current accordmg to ISO definition for high side automotive switch (see note 1) 
(#)The maximum continuous output current is the current at T, = 85 oe for a battery voltage of 13 V which does not activate 
self protection 
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VN21 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) at T c = 85 °C 

IR Reverse Output Current at Tc = 85 °C 

liN Input Current 

-Vee Reverse Supply Voltage 

lsrAT Status Current 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 

Pial Power Dissipation at Tc = 85 °C 

Tl Junction Operating Temperature 

Tslg Storage Temperature 

CONNECTION DIAGRAM 

___, 
\J5 

0 4 
3 
2 

-----., ()...2_ 

CURRENT AND VOLTAGE CONVENTIONS 

I 

I I 

I I 

I I > 

PC10000 

SC04660 

Value 

60 

20 

-20 

±10 

-4 

±10 

2000 

36 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

rnA 

v 
rnA 

v 
w 
oc 
oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.5 
60 

ELECTRICAL CHARACTERISTICS (Vee = 13 V; -40 ::; T1 ::; 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 5.5 13 26 

In(*) Nominal Current Tc = 85 °C Vos(on) ::; 0.5 (note 1) 7 

Ron On State Resistance louT= 7 A 0.10 
louT= 7 A T1 = 25 ac 0.05 

Is Supply Current Off State T1 ;;: 25 °C 50 
On State 15 

Vos(MAXl Maximum Voltage Drop louT= 20 A Tc = 85 °C 1.8 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on)(•) Turn-on Delay Time Of louT= 7 A Resistive Load 60 
Output Current Input Rise Time < 0.1 J.IS 

t,(•) Rise Time Of Output louT = 7 A Resistive Load 70 
Current Input Rise Time < 0.1 J.IS 

td(off)(•) Turn-off Delay Time Of louT = 7 A Resistive Load 90 
Output Current Input Rise Time< 0.1 J.IS 

t,(•) Fall Time Of Output louT = 7 A Resistive Load 25 
Current Input Rise Time< 0.1 J.IS 

(di/dt)on Turn-on Current Slope louT= 7 A 0.08 0.5 
louT= lov 1 

(di/dt)off Turn-off Current Slope louT= 7 A 0.2 3 
louT= lev 3 

Vdemag Inductive Load Clamp louT= 7 A L= 1 mH -24 -18 -14 
Voltage 

LOGIC INPUT 

Symbol Parameter Test Copdltions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

VJH Input High Level 2 (•) 
Voltage 

VJ(hyst) Input Hysteresis 0.5 
Voltage 

iJN Input Current VJN = 5 V 250 500 
v,N = 2 v 250 
VJN = 0.8 V 25 

VJcL Input Clamp Voltage iJN = 10 mA 5.5 6 
iJN=·10mA -0.7 -0.3 

VN21 

Unit 

v 

A 

Q 
Q 

J.IA 
mA 

v 

Unit 

J.IS 

J.IS 

J.IS 

J.IS 

A/J.IS 
A/J.IS 

A/J.IS 
A/J.IS 

v 

Unit 

v 

v 

v 

J.IA 
J.IA 
J.IA 

v 
v 

----------- L-.., SliS·ntDMSDN ----------3-17 
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VN21 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions 

VsrAT Status Voltage Output lsTAT ; 1.6 rnA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage lsrAT; 10 rnA 
lsrAr; -10 rnA 

lov Over Current RLOAD < 10 mQ -40 :5 T c :5 125 °C 

IAv Average Current in RLOAD < 10 mQ Tc;85°C 
Short Circuit 

loL Open Load Current 
Level 

Trso Thermal Shut-down 
Temperature 

TR Reset Temperature 

VoL Open Load Voltage Off-State (note 2) 
Level 

h(on) Open Load Filtering (note 3) 
Time 

l1 (off) Open Load Filtering (note 3) 
Time 

l2(off) Open Load Filtering (note 3) 
Time 

tpovl Status Delay (note 3) 

!pol Status Delay (note 3) 
(') See Sw1tch1g T1me Waveforms 

Min. Typ. Max. Unit 

0.4 v 

5 v 

6 v 
-0.7 v 

140 A 

2.5 A 

5 300 700 rnA 

140 oc 

125 oc 

2.5 3.75 5 v 

1 5 10 ms 

1 5 10 ms 

1 5 10 ms 

5 10 JlS 

50 700 JlS 

(•) The v," is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
note 1: The Nominal Current is the current at T, = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: lol(oiiJ =(Vee -Vo,)/RoL (see figure) 
note 3: t1(on): minimum open load duration which acctivates the status output 

t,1ou1: minimum load recovery time which desactivates the status output 
t,1orr1: minimum on time after thermal shut down which desact1vates status output 
tpo•l tpol: ISO definition (see figure) 

Note 2 Relevant Figure Note 3 Relevant Figure 

Input ~ voltage 

O.BV~-----

Fault 
voltage 

SC06.370 

O.BV 

1 
I 
I 
I 
I -----,---

tpol or tpovl 

SC063BO 
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Switching Time Waveforms 

10% 

di/df 
(off) 

input l _ __LI--+!_,_'"_(o_n_) -----'1---+-'_t_d_(o_fl_) ----:--- r-----1 -'-----il 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vee and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovl)in case 
of overtemperature condition and a delay (!pal) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 
To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vee) and temperature, the ther
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an internal function of the 

VN21 

device ensures the fast demagnetization with a 
typical voltage (V demag) of -18V. 
This function allows to greatly reduce the power 
dissipation according to the formula: 
Pdem = 0.5 ° Lioad o (hoad)2 o [(Vcc+Vdemag)Ndemag]o f 
where f = switching frequency and 
Vdemag =demagnetization voltage 
Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is infact a function of the load 
current for a fixed Vee, Vdemag and f. 

PROTECTING THE DEVICE AGAIST LOAD 
DUMP· TEST PULSE 5 
The device is able to withstand the test pulse 
No.5 at level II (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any external 
component. This means that all functions of the 
device are performed as designed after 
exposure to disturbance at level II. The VN21 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1 000 
JlF between pin 3 and ground (if RLoAo ~ 20 Q). 

PROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 
(fig.3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by Vf. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board avoiding shift of V,h, V,1 and Vstat. This 
solution allows the use of a standard diode. 
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VN21 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation L L 
H H 

Over-temperature H L 

Under-voltage X L 

Short load to Vee L H 

Figure 1: Waveforms 

OPEN LOAD 

Input 

load I 
cur,.ent I 

I I I II I I I I I 
sfotug I I I I r-------r--; I I r-

del1ot<t1on__LJ._1 lJ_J I 1-J-IW--1 --!--ll 
'1 1 1--t1o11 l1on---1 1 ....____!pol 

t1on ~ delta k t1 on --+1---44-

switch 
on/ofi 

Input 

load 
current 

I I 

I I 
I I 

delta I< t Zoff --*-k-

THERMAL SHUTDOWN 

I, 

stotus L~l-!l ___ __w--------------
switch 
on/off 

Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

Vee 

VNXX 

GND 

POWER GND 

Figure 4: Typical Application Circuit With Separate Signal Ground 

CONTROL 
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VN30N 

HIGH SIDE SMART POWER SOLID STATE RELAY 

OUTPUT CURRENT (CONTINUOUS): 36A@ 
Tc=25°C 

• SV LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE SHUT-DOWN 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• VERY LOW STAND-BY POWER 

DISSIPATION 

DESCRIPTION 
The VN30N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The input control is SV logic level compatible. 
The open drain diagnostic output indicates open 
circuit (no load) and over temperature status. 

BLOCK DIAGRAM 

November 1992 

PRELIMINARY DATA 

PENTAWATT 
(vertical) 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATTvertical VN30N 
PENTAWATThorizontal VN30N (011Y) 
PENTA WATT in-line VN30N (012Y) 

OVER 
TEMP. 

Vee 

GROUND 

OUTPUT 

1/6 
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VN30N 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

lour Output Current (cont.) 

IR Reverse Output Current 

liN Input Current 

-Vee Reverse Supply Voltage 

I STAT Status Current 

VEso Electrostatic Discharge (1.5 kn, 100 pF) 

Ptot Power Dissipation at Tc:;; 25 °C 

Tl Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

....----' -us 
0 4 

3 
2 

'---, .(}__!_ 

CURRENT AND VOLTAGE CONVENTIONS 

I I 

I I 

I I 

I I 

I I > 

Pe10000 

SC04660 

Value 

60 

36 

-36 

±10 

-4 

±10 

2000 

74 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 
INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

mA 

v 
mA 

v 
w 
oc 
oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.56 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 s; T1 s; 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 7 26 

Ron On State Resistance louT= 18 A 0.06 
louT= 18 A T1 = 25 °C 0.03 

Is Supply Current Off State T1 <: 25 °C 50 
On State 15 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on) Turn-on Delay Time Of louT = 18 A Resistive Load 30 
Output Current Input Rise Time< 0.1 ~s T1 = 25 °C 

tr Rise Time Of Output louT = 18 A Resistive Load 100 
Current Input Rise Time< 0.1 ~s T1 = 25 °C 

td(off) Turn-off Delay Time Of louT = 1 8 A Resistive Load 80 
Output Current Input Rise Time< 0.1 ~s T1 = 25 °C 

It Fall Time Of Output louT= 18 A Resistive Load 40 
Current Input Rise Time< 0.1 ~s T1 = 25 °C 

(di/dl}on Turn-on Current Slope louT= 18 A 0.5 
louT= lov 3 

(di!dt)off Turn-off Current Slope louT= 18 A 3 
louT= lov 4 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VJL Input Low Level 0.8 
Voltage 

VJH Input High Level 2 (') 
Voltage 

vl(hyst) Input Hysteresis 0.5 
Voltage 

iJN Input Current VJN = 5 v 250 500 

VJeL Input Clamp Voltage IJN = 10 rnA 6 
IJN = -10 rnA -0.7 

PROTECTIONS AND DIAGNOSTICS 

Symbol Parameter Test Conditions Min. Typ. Max. 

VsTAT (•) Status Voltage Output !sTAT = 1.6 rnA 0.4 
Low 

Vuso Under Voltage Shut 6.5 7 
Down 

VN30N 

Unit 

v 
Q 

Q 

~A 
rnA 

Unit 

~s 

~s 

~s 

~s 

A/~s 
A/~s 

A/~s 
A/~s 

Unit 

v 

v 

v 

~A 

v 
v 

Unit 

v 

v 
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VN30N 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

YscL (•) Status Clamp Voltage lsTAT ~ 10 mA 6 v 
lsTAT ~ -10 mA -0.7 v 

tsc Switch-off Time in RLOAD < 10 mQ Tc ~ 25 °C 1 ms 
Short Circuit Condition 
at Start-Up 

lov Over Current RLOAD < 10 mf.l -40 ~ T c ~ 125 °C 140 A 

IAv Average Current in RLOAD < 10 mf.l Tc ~ 85 °C 2.5 A 
Short Circuit 

loL Open Load Current 5 1250 mA 
Level 

TTso Thermal Shut-down 140 oc 
Temperature 

TR Reset Temperature 125 oc . ( ) The V1H 1s Internally clamped at 6V about. It 1s possible to connect th1s pm to an higher voltage VIa an external res1stor 
calculated to not exceed 10 rnA at the input pin. 
(•) Status determination> 100 JlS after the switchmg edge 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 
To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vee) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 
In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 

PROTECTING THE DEVICE AGAINST REVER
SE BATIERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 

(fig. 3). 
The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -VF is seen by the device. (VIL, V1H 
thresholds and VsrAT are increased by VF with 
respect to power GND). 

- The undervoltage shutdown level is increased 
byVF. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node (1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board. 

In this way no shift of V1H, VJL and VsrAT takes 
place and no negative voltage appears on the 
INPUT pin; this solution allows the use of a 
standard diode, with a breakdown voltage able to 
handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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TRUTH TABLE 

INPUT 

Normal Operation L 
H 

Open Circuit (No Load) H 

Over-temperature H 

Under-voltage X 

Figure 1: Waveforms 

STATUS 

SWITCH g~F l____jL____J[_ ~~~~:T~ON 
1our 

STATUS 

ON 
SWITCH OFF UNDER 

VOLTAGE 

I OUT 

Figure 2: Over Current Test Circuit 

1nom=100A 
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E 0.1 F 

ESR<lOm 0 

VN30N 

OUTPUT DIAGNOSTIC 

INPUT 

STATUS 

L 
H 

H 

L 

L 

ON 
SWITCH OFF l____jL____J[_ 

I OUT 

INPUT l____jL____J[_ 
STATUS 
~ 

SWITCH 
ON 
OFF ___fU11L_jL_ 

I OUT ______jJ\J\,__J 

SC04690 

5m0 

H 
H 

L 

L 

H 

OPEN LOAD 

THERMAL 
SHUTDOWN 

140°C 
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VN30N 

Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

Schottky 
Diode 

VNXX 

GND 

Vee 

POWER GND 

Figure 4: Typical Application Circuit With Separate Signal Ground 
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VN31 

ISO HIGH SIDE SMART POWER SOLID STATE RELAY 

• MAXIMUM CONTINUOUS OUTPUT 
CURRENT(#): 25 A@ Tc= 85°C 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUTcDOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VN31 is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 
The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vee and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative ( -18V) 
load voltage at turn-off. 

BLOCK DIAGRAM 

SC06270 

PENTAWATT 
(vertical) 

PRELIMINARY DATA 

PENTAWATT 
(horizontal) 

PENTAWATT 
(in-line) 

ORDER CODES: 
PENTAWATivertical VN31 
PENTAWATI horizontal VN31 (011Y) 
PENTAWATI in-line VN31 (012Y) 

Vee 

GROUND 

(") In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The max1mum continuous output current is the current at T, = 85 °C for a battery voltage of 13 V which does not activate 
self protection 

November 1992 1/7 

549 

I 



VN31 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

V(BR)DSS Drain-Source Breakdown Voltage 

louT Output Current (cont.) at T c = 85 °C 

IR Reverse Output Current at T c = 85 °C 

liN Input Current 

-Vee Reverse Supply Voltage 

I sTAT Status Current 

VESD Electrostatic Discharge (1.5 kn, 100 pF) 

Ptot Power Dissipation at Tc = 85 °C 

Tt Junction Operating Temperature 

Tstg Storage Temperature 

CONNECTION DIAGRAM 

_____. 
'--..15 

0 4 
3 
2 

-----, -(}_!__ 

CURRENT AND VOLTAGE CONVENTIONS 

I I 

I I 

I I 

I I 

I I 

Pe10000 

SC04660 

Value 

60 

25 

-25 

±10 

-4 

±10 

2000 

35 

-40 to 150 

-55 to 150 

OUTPUT 
STATUS 
Vee 

INPUT 
GROUND 

Vee 

Unit 

v 
A 

A 

rnA 

v 
rnA 

v 
w 
oc 

oc 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.56 
60 

ELECTRICAL CHARACTERISTICS (Vee= 13 V; -40 ~ Tj ~ 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vee Supply Voltage 5.5 13 26 

In(•) Nominal Current Tc=85°C Vos(on) $; 0.5 (note 1) 11.5 

Ron On State Resistance louT= 11.5 A 0.06 
louT= 11.5 A T1 = 25 °C 0.03 

Is Supply Current Off State T1 ~ 25 °C 50 
On State 15 

Vos(MAX) Maximum Voltage Drop louT= 25 A Tc=85°C 1.5 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. 

td(on)(A) Turn-on Delay Time Of louT= 11.5 A Resistive Load 90 
Output Current Input Rise Time< 0.1 f!S 

tr(A) Rise Time Of Output louT= 11.5A Resistive Load 100 
Current Input Rise Time< 0.1 f!S 

td(olJ)(A) Turn-off Delay Time Of louT= 11.5 A Resistive Load 140 
Output Current Input Rise Time< 0.1 llS 

tt(A) Fall Time Of Output louT= 11.5 A Resistive Load 50 
Current Input Rise Time< 0.1 11s 

(di/dt)on Turn-on Current Slope louT= 11.5 A 0.08 0.5 
louT= lov 1 

(di/dt)off Turn-off Current Slope lovT = 11.5 A 0.2 3 
louT= lov 3 

Vdemag Inductive Load Clamp louT= 11.5 A L = 1 mH -24 -18 -14 
Voltage 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. 

VtL Input Low Level 0.8 
Voltage 

VtH Input High Level 2 (•) 
Voltage 

Vi(hyst) Input Hysteresis 0.5 
Voltage 

liN Input Current VIN = 5 v 250 500 
ViN = 2 v 250 
VtN = 0.8 v 25 

VtcL Input Clamp Voltage I1N= 10mA 5.5 6 
1iN=·10mA -0.7 -0.3 

VN31 

Unit 

v 
A 

Q 

Q 

!!A 
mA 

v 

Unit 

!!S 

f!S 

f!S 

!!S 

A/f!S 
A/f!S 

A/f!S 
A/f!S 

v 

Unit 

v 

v 

v 

!!A 
!!A 
f!A 

v 
v 
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VN31 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS (continued) 

Symbol Parameter Test Conditions 

VsTAT Status Voltage Output lsTAT = 1.6 mA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage isTAT = 10 mA 
lsTAT = -10 mA 

lov Over Current RLOAD < 10 mQ -40 ~ T c ~ 125 °C 

IAv Average Current in RLOAD < 10 mQ Tc = 85 °C 
Short Circuit 

loL Open Load Current 
Level 

TTSD Thermal Shut-down 
Temperature 

TR Reset Temperature 

VoL Open Load Voltage Off-State (note 2) 
Level 

!1 (on) Open Load Filtering (note 3) 
Time 

l1 (off) Open Load Filtering (note 3) 
Time 

l2(off) Open Load Filtering (note 3) 
Time 

lpovl Status Delay (note 3) 

lpol Status Delay (note 3) 
(') See Swrtchrg Trme Waveforms 

Min. Typ. Max. Unit 

0.4 v 

5 v 

6 v 
-0.7 v 
140 A 

2.5 A 

5 600 1250 mA 

140 oc 

125 oc 

2.5 3.75 5 v 

1 5 10 ms 

1 5 10 ms 

1 5 10 ms 

5 10 J.lS 

50 700 J.lS 

(•) The VrH is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 rnA at the input pin. 
note I: The Nominal Current is the current at T, = 85 'C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: loL(oiiJ =(Vee -VoL)/RoL (see figure) 
note 3: t,1, 1: minimum open load duration which acctivates the status output 

t1rou1: minimum load recovery time which desactivates the status output 
t2rou1: mimmum on trme alter thermal shut down which desactivates status output 
t,,, lpor: ISO defrnition (see frgure) 

Note 2 Relevant Figure Note 3 Relevant Figure 

Input ~ 
w,.,. ·~ r==-+-----
Fault 
voltage 

GND 
SC06370 
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0.8V 

1 
I 
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Switching Time Waveforms 

ilood 

107o 

di/dt 
(off) 

;nput 1 H'd (on) H'd (off) 

~-~r~-~---------~-~~----~ 

FUNCTIONAL DESCRIPTION 
The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vee and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovl)in case 
of overtemperature condition and a delay (!pol) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 
To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vee) and temperature, the ther
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an internal function of the 

VN31 

device ensures the fast demagnetization with a 
typical voltage (V demag) of -18V. 
This function allows to greatly reduce the power . 
dissipation according to the formula: 

Pdem = 0.5 • Lioad • (hoad)2 • [(Vcc+Vdemag}Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage 
Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is intact a function of the load 
current for a fixed Vee, Vdemag and f. 

PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 
The device is able to withstand the test pulse 
No. 5 at level II (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any external 
component. This means that all functions of the 
device are performed as designed after 
exposure to disturbance at level II. The VN31 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1 000 
f.!F between pin 3 and ground (if RLoAo::; 20 Q). 

PROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1(GND) and 
ground, as shown in the typical application circuit 
(fig.3). 

The consequences of the voltage drop across 
this diode are as follows: 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by VI. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to node [1] 
(see application circuit in fig. 4), which becomes 
the common signal GND for the whole control 
board avoiding shift of V;h, V;1 and Vstat. This 
solution allows the use of a standard diode. 

5/7 
---------------------------~~~~@~g~:~~ ---------------------------

553 

I 



VN31 

TRUTH TABLE 

INPUT OUTPUT DIAGNOSTIC 

Normal Operation L L 
H H 

Over-temperature H L 

Under-voltage X L 

Short load to Vee L H 

Figure 1: Waveforms 
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I I I I I I I I 
sfotus I I I I I 1.--------,-----,1 ,-

delta '< r 1 on __u.._ I LL-J I '---"-I .1-------!-JI 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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CONTROL 
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GND 
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VND058 
DOUBLE CHANNEL 

HIGH SIDE SMART POWER SOLID STATE RELAY 

• OUTPUT CURRENT (CONTINUOUS): 
7.5 A@ Tc=85°C PER CHANNEL 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUTcDOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VND05B is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. This 
device has two channels, and a common 
diagnostic. Built-in thermal shut-down protects 
the chip from over temperature and short circuit. 
The status output provides an indication of open 
load in on state, open load in off state, 
overtemperature conditions and stuck-on to Vee. 

BLOCK DIAGRAM 

HEPTAWATT 
(vertical) 

PRELIMINARY DATA 

HEPTAWATT 
(horizontal) 

HEPTAWATT 
(in-line) 

ORDER CODES: 
HEPTAWATivertical VND05B 
HEPTAWATI horizontal VND05B (011 Y) 
HEPTAWATiin-line VND05B (012Y) 

(') In~ Nommal current according to ISO defmttion for high srde automotrve swrtch (see note 1) 
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VND05B 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Value Unit 

V(BR)DSS Drain-Source Breakdown Voltage 40 v 
lour Output Current (cont.} at Tc = 85 °C 7.5 A 

lour(RMS} RMS Output Current at Tc = 85 °C and I> 1Hz 7.5 A 

IR Reverse Output Current at T c = 85 °C -7.5 A 

liN Input Current ±10 mA 

-Vee Reverse Supply Voltage -4 v 
I sTAT Status Current ±10 mA 

VESD Electrostatic Discharge (1.5 kQ, 1 oo pF) 2000 v 
Ptot Power Dissipation at T c = 25 °C 50 w 
TJ Junction Operating Temperature -40 to 150 oc 

Tstg Storage Temperature -55 to 150 oc 

CONNECTION DIAGRAM 

---' v-r OUTPUT2 
INPUT2 

0 5 DIAG 
4 Vee 
3 INPUT1 
2 GND 

---., 1 OUTPUT1 

PC11070 

CURRENT AND VOLTAGE CONVENTIONS 

Vee 

Voun 

SC06460 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

2.5 
60 

VNDOSB 

ELECTRICAL CHARACTERISTICS (8 <Vee < 16 V; -40 :::: T1 :::: 125 °C unless otherwise specified) 

POWER 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vee Supply Voltage 6 13 26 v 
In(•) Nominal Current Tc=85°C Vos(on):SO.S Vcc=13V 1.6 2.6 A 

Ron On State Resistance louT= In Vee= 13 V T1 = 25 °C 0.13 0.2 Q 

Is Supply Current Off State T1 = 25 °C Vee= 13 V 35 100 !lA 

Vos(MAX) Maximum Voltage Drop louT= 7.5 A T1 = 85 °C Vee= 13 V 1.44 2.3 v 
R, Output to GND internal T1 = 25 °C 5 10 20 KQ 

Impedance 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

td(on)(') Turn-on Delay Time Of Rout= 5.4 Q 5 25 200 !lS 
Output Current 

tr(') Rise Time Of Output Rout= 5.4 Q 10 50 180 !lS 
Current 

td(oll)(') Turn-off Delay Time Of Rout= 5.4 Q 10 75 250 !lS 
Output Current 

It(') Fall Time Of Output Rout= 5.4 Q 10 35 180 !lS 
Current 

(dildt)on Turn-on Current Slope Rout= 5.4 Q 0.003 0.1 Al!lS 

(di/dt)oll Turn-off Current Slope Rout= 5.4 Q 0.005 0.1 A IllS 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VtL Input Low Level 1.5 v 
Voltage 

VtH Input High Level 3.5 (•) v 
Voltage 

VJ(hyst) Input Hysteresis 0.2 0.9 1.5 v 
Voltage 

ltN Input Current VtN = 5 V T1 = 25 °C 30 100 !lA 

VteL Input Clamp Voltage ltN = 10 rnA 5 6 7 v 
ltN = -10 rnA -0.7 v 

3/7 
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VND05B 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS 

Symbol Parameter Test Conditions 

VsTAT Status Voltage Output lsTAT ~ 1.6 mA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage lsTAT ~ 10 mA 
lsTAT ~ -10 mA 

TTSD Thermal Shut-down 
Temperature 

TsD(hyst.) Thermal Shut-down 
Hysteresis 

TR Reset Temperature 

VoL Open Voltage Level Off-State (note 2) 

IOL Open Load Current On-State 
Level 

tpovl Status Delay (note 3) 

tpol Status Delay (note 3) 

Min. 

3.5 

5 

140 

125 

2.5 

5 

50 
... 

( ) In= Nommal current accordmg to ISO defm1t1on for h1gh s1de automotiVe SWitch (see note 1) 
(A) See switching time waveform 

Typ. Max. Unit 

0.4 v 

4.5 6 v 

6 7 v 
-0.7 v 
160 180 oc 

50 oc 

oc 

4 5 v 
180 mA 

5 10 J.!S 

500 2500 J.!S 

(•) The v," is internally clamped at 6V about. It is possible to connect th1s pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the mput pin. 
note 1: The Nominal Current IS the current at Tc = 85 'C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: loL(oll) =(Vee ·Vm)/RoL 
note 3: t,,, t,,,: ISO def1n1t1on 

Note 2 Relevant Figure 

R ol 

GND 
SC065.30 

Note 3 Relevant Figure 

Input 1\ 
"""'"" "" r=~f~-----
Fault 
voltage 

0.8V 

1 

I 
I 
I 
I 

------~---

1 

tpol or tpovl 

SC06380 
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Switching Time Waveforms 

iload 

di/dt v (on) 

10%~ 

' 

input 1 ' ' 1--------1 I d ( o n ) 

I 

FUNCTIONAL DESCRIPTION 
The device has a common diagnostic output for 
both channels which indicates open load in 
on-state, open load in off-state, over temperature 
conditions and stuck-on to Vee. 
From the falling edge of the input signal, the 
status output, initially low to signal a fault 
condition (overtemperature or open load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (tpol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vee) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor (one for 
each channel) being located inside each of the 
two Power MOS areas. This positioning allows 
the device to operate with one channel in 
automatic thermal cycling and the other one on a 
normal load. An internal function of the devices 
ensures the fast demagnetization of inductive 
loads with a typical voltage (Vdemag) of -18V. This 
function allows to greatly reduces the power 
dissipation according to the formula: 
Pdem = 0.5 • L!oad • (l!oad)2 • [(Vcc+Vdemag)Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage. 

VND05B 

90% ~ di/dl 
(ofi) 

' 1--+ td (off) 

I . 
t 

SC064BO 

The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vee. Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vee not 
exceeding 16V, both channel will switch off. 

PROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 2 (GND) and 
ground, as shown in the typical application circuit 
(fig.2). 
The consequences of the voltage drop across 
this diode are as follows: I 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by Vf. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to the 
device ground (see application circuit in fig. 3), 
which becomes the common signal GND for the 
whole control board avoiding shift of v,h, Vi! and 
Vstat. This solution allows the use of a standard 
diode. 

~ 50 
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VND05B 

TRUTH TABLE 

INPUT 1 INPUT 2 OUTPUT 1 OUTPUT 2 DIAGNOSTIC 

Normal Operation L L L L H 
H H H H H 
L H L H H 
H L H L H 

Under-voltage X X L L H 

Thermal Shutdown Channel1 H X L X L 

Channel2 X H X L L 

Open Load Channel1 H X H X L 
L L L L L(**) 

Channel2 X H X H L 
L L L L L(**) 

Output Shorted to Vee Channel1 H X H X L 
L L H L L 

Channel2 X H X H L 
L L L H L 

Figure 1: Waveforms 

INPUT L__j(____jl___ INPUT ___fi_____Jl_ 

STATUS STATUS ~ OPEN LOAD 
On L__j(____jl___ NORMAL SWITCH On ___fi_____Jl_ SWITCH Off OPERATION Olf 

1 OUT L_____/\_____f\ lour ~ 

INPUT L__j(____jl___ INPUT L__j(____jl___ 
STATUS 

STATUS -----uu---- THERMAL 
SHUTDOWN 

On 
SWITCH 

On _rum____s---l__ SWITCH Off UNDER Orf 
VOLTAGE 140°C 

lour lour __M{\___J\_ 
125°C 

INPUT ___fi_____Jl_ 

LOAD OUTPUT SHORTED 
CURRENT TO Vee 

DIAG 

On ___fi_____Jl_ SWITCH Off SCD6590 
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Figure 2: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

r---------------_,Vcc 

Schottky 
Diode 

GND 

POWER GND 

Figure 3: Typical Application Circuit With Separate Signal Ground 

CONTROL 
UNIT 

GND 
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r-----1r--------o +Vee 

LOAD 1 LOAD2 

POWER GND 
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----------- """''/ SliS·THOMSON ___________ 717 
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VND10B 
DOUBLE CHANNEL 

HIGH SIDE SMART POWER SOLID STATE RELAY 

• OUTPUT CURRENT (CONTINUOUS): 
13 A@ Tc=85°C PER CHANNEL 

• 5V LOGIC LEVEL COMPATIBLE INPUT 
• THERMAL SHUT-DOWN 
• UNDER VOLTAGE PROTECTION 
• OPEN DRAIN DIAGNOSTIC OUTPUT 
• INDUCTIVE LOAD FAST DEMAGNETIZATION 
• VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 
The VND1 DB is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. This 
device has two channels, and a common 
diagnostic. Built-in thermal shut-down protects 
the chip from over temperature and short circuit. 
The status output provides an indication of open 
load in on state, open load in off state, 
overtemperature conditions and stuck-on to Vee. 

BLOCK DIAGRAM 

HEPTAWATI 
(vertical) 

PRELIMINARY DATA 

HEPTAWATI 
(horizontal) 

HEPTAWATI 
(in-line) 

ORDER CODES: 
HEPTAWATTvertical VND1DB 
HEPTAWATT horizontal VND1 DB (D11Y) 
HEPTAWATTin-line VND1DB (D12Y) 

(•) In= Nominal current accordmg to ISO defimllon for high side automotive switch (see nole 1) 
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VND108 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Value Unit 

V(BR)DSS Drain-Source Breakdown Voltage 40 v 
louT Output Current (cont.) at Tc = 85 °C 13 A 

louT(RMS) RMS Output Current at T c = 85 °C and f > 1Hz 13 A 

IR Reverse Output Current at T c = 85 °C -13 A 

IJN Input Current ±10 mA 

-Vee Reverse Supply Voltage -4 v 
I sTAT Status Current ±10 mA 

VESD Electrostatic Discharge (1.5 kQ, 100 pF) 2000 v 
Ptot Power Dissipation at Tc = 25 °C 64 w 
Tj Junction Operating Temperature -40 to 150 oc 

Tstg Storage Temperature -55 to 150 oc 

CONNECTION DIAGRAM 

____. 
7 OUTPUT2 
6 INPUT2 

0 5 DIAG 
4 Vee 
3 INPUT! 
2 GND 

-, 1 OUTPUT! 

Pe11070 

CURRENT AND VOLTAGE CONVENTIONS 

Vee 

SC06460 
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THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

1.8 
60 

VND10B 

ELECTRICAL CHARACTERISTICS (8 <Vee < 16 V; -40::; Tj::; 125 °C unless otherwise specified) 
POWER 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vee Supply Voltage 6 13 26 v 
In(*) Nominal Current Tc = 85 °C Vos(on),; 0.5 Vee= 13 V 3.4 5.2 A 

Ron On State Resistance I OUT = In V cc = 13 V T1 = 25 °C 0.065 0.1 n 
Is Supply Current Off State T1 = 25 °C Vee= 13 V 35 100 j.!A 

Vos(MAX) Maximum Voltage Drop lour=13A T1 = 85 °C Vec=13V 1.2 2 v 
R, Output to GND internal T1 = 25 °C 5 10 20 Kn 

Impedance 

SWITCHING 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

td(on)(') Turn-on Delay Time Of Rout= 2.7 n 5 35 200 j.!S 
Output Current 

tr(') Rise Time Of Output Rout= 2.7 n 28 110 360 j.!S 
Current 

td(oli)(') Turn-off Delay Time Of Rout= 2.7 n 10 140 500 f!S 
Output Current 

It(') Fall Time Of Output Rout= 2.7 n 28 75 360 f!S 
Current 

(di/dt)on Turn-on Current Slope Rout= 2.7 n 0.003 0.1 A/f!S 

(di/dt)off Turn-off Current Slope Rout= 2.7 n 0.005 0.1 A/f!S 

LOGIC INPUT 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VJL Input Low Level 1.5 v 
Voltage 

VJH Input High Level 3.5 (•) v 
Voltage 

VJ(hyst) Input Hysteresis 0.2 0.9 1.5 v 
Voltage 

IJN Input Current VJN = 5 v T1 = 25 °C 30 100 f!A 

VJCL Input Clamp Voltage liN= 10mA 5 6 7 v 
iJN=·10mA -0.7 v 

3/7 
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VND10B 

ELECTRICAL CHARACTERISTICS (continued) 

PROTECTION AND DIAGNOSTICS 

Symbol Parameter Test Conditions 

VsTAT Status Voltage Output lsTAT = 1.6 mA 
Low 

Vuso Under Voltage Shut 
Down 

VscL Status Clamp Voltage ISTAT = 10 mA 
lsTAT = -10 mA 

TTSD Thermal Shut-down 
Temperature 

Tso(hyst) Thermal Shut-down 
Hysteresis 

TR Reset Temperature 

VoL Open Voltage Level Off-State (note 2) 

loL Open Load Current On-State 
Level 

lpovt Status Delay (note 3) 

!pol Status Delay (note 3) 

Min. 

3.5 

5 

140 

125 

2.5 

0.5 

50 . ()In= Nommal current accordmg to ISO defm1t1on for htgh stde automottve swttch (see note 1) 
(') See switching time waveform 

Typ. Max. Unit 

0.4 v 

4.5 6 v 

6 7 v 
-0.7 v 
160 180 oc 

50 oc 

oc 

4 5 v 
0.9 1.3 A 

5 10 i-!S 

500 2500 !-15 

(•) The VtH is tnternally clamped at 6V about. It is posstble to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 rnA at the input pin. 
note 1: The Nominal Current is the current at T, = 85 °C for battery voltage of 13V whtch produces a voltage drop of 0.5 V 
note 2: loLioiiJ =(Vee -VoL)/RoL 
note 3: tpovt tpot: ISO definition 

Note 2 Relevant Figure 

SC06530 

Note 3 Relevant Figure 

Input 1\ "'""" "·" r-=-+~----
1 

I 
Fault I 
voltage I 

I 
0.8V f-------~---

1 
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Switching Time Waveforms 

iload 

di/dt II (on) 

10%~ 

input t . ' f----1 td (on) 

I 

FUNCTIONAL DESCRIPTION 
The device has a common diagnostic output for 
both channels which indicates open load in 
on-state, open load in off-state, over temperature 
conditions and stuck-on to Vee. 

From the falling edge of the input signal, the 
status output, initially low to signal a fault 
condition (overtemperature or open load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (!pol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vee) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor (one for 
each channel) being located inside each of the 
two Power MOS areas. This positioning allows 
the device to operate with one channel in 
automatic thermal cycling and the other one on a 
normal load. An internal function of the devices 
ensures the fast demagnetization of inductive 
loads with a typical voltage (Vdemag) of -18V. This 
function allows to greatly reduces the power 
dissipation according to the formula: 

Pdem = 0.5 • Lload • (hoad)2 • [(Vcc+Vdemag)Ndemag]• f 
where f = switching frequency and 
Vdemag =demagnetization voltage. 

VND10B 

90% ~ di/dl 
(off) 

1-+ td (off) 

I . 
t 

SC05480 

The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vee, Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vee not 
exceeding 16V, both channel will switch off. 

PROTECTING THE DEVICE AGAINST 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 2 (GND) and 
ground, as shown in the typical application circuit 
(fig. 2). 

The consequences of the voltage drop across 
this diode are as follows: I 
- If the input is pulled to power GND, a negative 

voltage of -Vt is seen by the device. (Vii, Vih 
thresholds and Vstat are increased by VI with 
respect to power GND). 

- The undervoltage shutdown level is increa-
sed by Vf. 

If there is no need for the control unit to handle 
external analog signals referred to the power 
GND, the best approach is to connect the 
reference potential of the control unit to the 
device ground (see application circuit in fig. 3), 
which becomes the common signal GND for the 
whole control board avoiding shift of V,h, v,1 and 
Vstat. This solution allows the use of a standard 
diode. 
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VND108 

TRUTH TABLE 

INPUT 1 INPUT 2 OUTPUT 1 OUTPUT 2 DIAGNOSTIC 

Normal Operation L L L L H 
H H H H H 
L H L H H 
H L H L H 

Under-voltage X X L L H 

Thermal Shutdown Channel1 H X L X L 

Channel2 X H X L L 

Open Load Channel1 H X H X L 
L L L L L(**) 

Channel2 X H X H L 
L L L L L(**) 

Output Shorted to Vee Channel1 H X H X L 
L L H L L 

Channel2 X H X H L 
L L L H L 

Figure 1: Waveforms 

INPUT L____f(___Jl_ INPUT ____fl_________ 

STATUS STATUS ~ OPEN LOAD 
On L____f(___Jl_ NORMAL SWITCH 

On ____fl_________ SWITCH Off OPERATION Off 

1 OUT L____/\_____/\_ 
I OUl 

___/\____/\A_ 

INPUT L____f(___Jl_ INPUT L____f(___Jl_ 
STATUS 

STATUS ----uu---- THERMAL 
SHUTDOWN 

On 
SWITCH 

On 
___fUl_fL___J(_ SWITCH Off UNDER Off 

VOLTAGE 140°C 

lour I OUl ~ 
125°C 

INPUT ____fl_________ 

LOAD OUTPUT SHORTED 
CURRENT TO Vee 

DIAG 

On ____fl_________ SWITCH Off SC06590 
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Figure 2: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 

r---------------~Vcc 

Schottky 
Diode 

GND 

POWER GND 

Figure 3: Typical Application Circuit With Separate Signal Ground 
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FEATURES 

• PEAK PULSE POWER= 1500 W@ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 440 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 
• UL RECOGNIZED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve F1g 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current 
For Unidirectional types. 

Tstg 
Tj 

Storage and junction temperature range 

TL Maximum lead temperature for soldenng 
dunng 10 s. 

November 1992 

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

TRANSIL 

CB429 
{Piast1c) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb =25°C 1500 w 

Tlead = 75°C 5 w 

Tamb=25°C 250 A 
t=10 ms 

- 65to + 175 oc 
175 oc 

230 oc 
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1.5KExx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinite heatsink 20 oc!W 

Rth U-a) Junction to ambient. on printed circuit. Llead = 10 mm 75 oc!W 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 
I 

VRM Stand-off voltage. IF --

VsR Breakdown voltage. 

VeL Clamping voltage. 
VeL VBR 

\ J VRM ) :)'F ./ 
IRM Leakage current@ VRM. 

[~~~~ 
1RM 

v 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop lpp 
VF < 3.5V@ If= 100 A. 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT c 
max min nom max max max max typ 

note2 1 0/1000(.15 8/20(.15 note3 note4 

Unidirectional Bidirectional (.!A v v v v mA v A v A 10-4/oc (pF) 

P 1.5KE6V8P P 1.5KE6V8CP 1000 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 9500 
P 1.5KE6V8A P 1 .5KE6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
P 1.5KE7V5P 1.5KE7V5CP 500 6.4 7.13 7.5 8.25 10 11.3 132 14.5 690 6.1 8500 

1.5KE7V5A P 1.5KE7V5CA 500 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 8500 
1.5KE8V2P 1.5KE8V2CP 200 7.02 7.79 8.2 9.02 10 12.1 124 15.5 645 6.5 8000 

P 1.5KE8V2A P 1 .5KE8V2CA 200 7.02 7.79 8.2 8.61 10 12.1 124 15.5 645 6.5 8000 
1.5KE9V1 P 1.5KE9V1CP 50 7.78 8.65 9.1 10 1 13.4 112 17.1 585 6.8 7500 
1.5KE9V1A 1.5KE9V1CA 50 7.78 8.65 9.1 9.55 1 13.4 112 17.1 585 6.8 7500 
1.5KE10P 1.5KE10CP 10 8.55 9.5 10 11 1 14.5 103 18.6 538 7.3 7000 

P 1.5KE10A P 1.5KE10CA 10 8.55 9.5 10 10.5 1 14.5 103 18.6 538 7.3 7000 
1.5KE11 P 1.5KE11CP 5 9.4 10.5 11 12.1 1 15.6 96 20.3 493 7.5 6400 
1.5KE11A 1.5KE11CA 5 9.4 10.5 11 11.6 1 15.6 96 20.3 493 7.5 6400 
1.5KE12P P 1.5KE12CP 5 10.2 11.4 12 13.2 1 16.7 90 21.7 461 7.8 6000 

P 1.5KE12A P 1.5KE12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 461 7.8 6000 
1.5KE13P 1.5KE13CP 5 11.1 12.4 13 14.3 1 18.2 82 23.6 423 8.1 5500 

P 1.5KE13A P 1.5KE13CA 5 11.1 12.4 13 13.7 1 18.2 82 23.6 423 8.1 5500 
P 1.5KE15P P 1.5KE15CP 5 12.8 14.3 15 16.5 1 21.2 71 27.2 368 8.4 5000 
P 1.5KE15A P 1.5KE15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 368 8.4 5000 

1.5KE16P 1.5KE16CP 5 13.6 15.2 16 17.6 1 22.5 67 28.9 346 8.6 4700 
1.5KE16A 1.5KE16CA 5 13.6 15.2 16 16.8 1 22.5 67 28.9 346 8.6 4700 

P 1.5KE18P P 1.5KE18CP 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 308 8.8 4300 
P 1.5KE18A P 1.5KE18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 308 8.8 4300 
P 1.5KE20P P 1.5KE20CP 5 17.1 19 20 22 1 27.7 54 36.1 277 9.0 4000 
P 1.5KE20A 1.5KE20CA 5 17.1 19 20 21 1 27.7 54 36.1 277 9.0 4000 

1.5KE22P 1.5KE22CP 5 18.8 20.9 22 24.2 1 30.6 49 39.3 254 9.2 3700 

P = Prefered device 

_20-----------------------~~L ~~~@~~~~~~©~------------------------
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1.5KExx 

TYPES IRM @VRM VBR @ IR VcL@Ipp VCL@Ipp aT c 

max min nom max max max max typ 
note2 10/1000us 8/20J.LS note3 note4 

Unidirectional Bidirectional !!A v v v v mA v A v A 10-4Joc (pF) 
1.5KE22A 1.5KE22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 254 9.2 3700 
1.5KE24P 1.5KE24CP 5 20.5 22.8 24 26.4 1 33.2 45 42.8 234 9.4 3500 

P 1.5KE24A 1.5KE24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 234 9.4 3500 
P 1.5KE27P 1.5KE27CP 5 23.1 25.7 27 29.7 1 37.5 40 48.3 207 9.6 3200 

1.5KE27A 1.5KE27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 207 9.6 3200 
1.5KE30P P 1.5KE30CP 5 25.6 28.5 30 33 1 41.5 36 53.5 187 9.7 2900 

P 1.5KE30A P 1.5KE30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 187 9.7 2900 
P 1.5KE33P P 1.5KE33CP 5 28.2 31.4 33 36.3 1 45.7 33 59.0 169 9.8 2700 
P 1.5KE33A 1.5KE33CA 5 28.2 31.4 33 34.7 1 45.7 33 59.0 169 9.8 2700 
P 1.5KE36P P 1.5KE36CP 5 30.8 34.2 36 39.6 1 49.9 30 64.3 156 9.9 2500 
P 1.5KE36A P 1.5KE36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 156 9.9 2500 
P 1.5KE39P P 1.5KE39CP 5 33.3 37.1 39 42.9 1 53.9 28 69.7 143 10.0 2400 
P 1.5KE39A P 1.5KE39CA 5 33.3 37.1 39 41.0 1 53.9 28 69.7 143 10.0 2400 

1.5KE43P 1.5KE43CP 5 36.8 40.9 43 47.3 1 59.3 25.3 76.8 130 10.1 2200 
P 1.5KE43A P 1.5KE43CA 5 36.8 40.9 43 45.2 1 59.3 25.3 76.8 130 10.1 2200 

1.5KE47P 1.5KE47CP 5 40.2 44.7 47 51.7 1 64.8 23.2 84 119 10.1 2050 
P 1.5KE47A P 1.5KE47CA 5 40.2 44.7 47 49.4 1 64.8 23.2 84 119 10.1 2050 

1.5KE51P 1.5KE51CP 5 43.6 48.5 51 56.1 1 70.1 21.4 91 110 10.2 1950 
P 1.5KE51A 1.5KE51CA 5 43.6 48.5 51 53.6 1 70.1 21.4 91 110 10.2 1950 

1.5KE56P 1.5KE56CP 5 47.8 53.2 56 61.6 1 77 19.5 100 100 10.3 1800 
P 1.5KE56A 1.5KE56CA 5 47.8 53.2 56 58.8 1 77 19.5 100 100 10.3 1800 

1.5KE62P 1.5KE62CP 5 53.0 58.9 62 68.2 1 85 17.7 111 90 10.4 1700 
P 1.5KE62A P 1.5KE62CA 5 53.0 58.9 62 65.1 1 85 17.7 111 90 10.4 1700 
P 1.5KE68P P 1.5KE68CP 5 58.1 64.6 68 74.8 1 92 16.3 121 83 10.4 1550 
P 1.5KE68A P 1.5KE68CA 5 58.1 64.6 68 71.4 1 92 16.3 121 83 10.4 1550 

1.5KE75P 1.5KE75CP 5 64.1 71.3 75 82.5 1 103 14.6 134 75 10.5 1450 
P 1.5KE75A P 1.5KE75CA 5 64.1 71.3 75 78.8 1 103 14.6 134 75 10.5 1450 
P 1.5KE82P P 1.5KE82CP 5 70.1 77.9 82 90.2 1 113 13.3 146 69 10.5 1350 
P 1.5KE82A P 1.5KE82CA 5 70.1 77.9 82 86.1 1 113 13.3 146 69 10.5 1350 

1.5KE91P 1.5KE91CP 5 77.8 86.5 91 100 1 125 12 162 62 10.6 1250 
P 1.5KE91A P 1.5KE91CA 5 77.8 86.5 91 95.5 1 125 12 162 62 10.6 1250 

1.5KE100P 1.5KE100CP 5 85.5 95.0 100 110 1 137 11 178 56 10.6 1150 
P 1.5KE100A 1.5KE100CA 5 85.5 95.0 100 105 1 137 11 178 56 10.6 1150 

1.5KE110P P 1.5KE11 OCP 5 94.0 105 110 121 1 152 9.9 195 51 10.7 1050 
1.5KE110A 1.5KE110CA 5 94.0 105 110 116 1 152 9.9 195 51 10.7 1050 
1.5KE120P 1.5KE120CP 5 102 114 120 132 1 165 9.1 212 47 10.7 1000 

P 1.5KE120A P 1.5KE120CA 5 102 114 120 126 1 165 9.1 212 47 10.7 1000 
1.5KE130P P 1.5KE130CP 5 111 124 130 143 1 179 8.4 230 43 10.7 950 

P 1.5KE130A P 1.5KE130CA 5 111 124 130 137 1 179 8.4 230 43 10.7 950 
1.5KE150P 1.5KE150CP 5 128 143 150 165 1 207 7.2 265 38 10.8 850 

P 1.5KE150A P 1.5KE150CA 5 128 143 150 158 1 207 7.2 265 38 10.8 850 
P 1.5KE160P P 1.5KE160CP 5 136 152 160 176 1 219 6.8 282 35 10.8 800 

I 
P 1.5KE160A P 1.5KE160CA 5 136 152 160 168 1 219 6.8 282 35 10.8 800 

1.5KE170P 1.5KE170CP 5 145 161 170 187 1 234 6.4 301 33 10.8 750 
P 1.5KE170A 1.5KE170CA 5 145 161 170 179 1 234 6.4 301 33 10.8 750 

1.5KE180P P 1.5KE180CP 5 154 171 180 198 1 246 6.1 317 31.5 10.8 725 
P 1.5KE180A P 1.5KE180CA 5 154 171 180 189 1 246 6.1 317 31.5 10.8 725 
P 1.5KE200P P 1.5KE200CP 5 171 190 200 220 1 274 5.5 353 28 10.8 675 
P 1.5KE200A P 1.5KE200CA 5 171 190 200 210 1 274 5.5 353 28 10.8 675 

1.5KE220P P 1.5KE220CP 5 188 209 220 242 1 328 4.6 388 26 10.8 625 
P 1.5KE220A P 1.5KE220CA 5 188 209 220 231 1 328 4.6 388 26 10.8 625 
P 1.5KE250P P 1.5KE250CP 5 213 237 250 275 1 344 5.0 442 23 11 560 
P 1.5KE250A P 1.5KE250CA 5 213 237 250 263 1 344 5.0 442 23 11 560 

1.5KE280P 1.5KE280CP 5 239 266 280 308 1 384 5.0 494 20 11 520 
1.5KE280A 1.5KE280CA 5 239 266 280 294 1 384 5.0 494 20 11 520 

P = Prefered device 
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1.5KExx 

TYPES IRM@VRM VeR @ IR VeL@ lpp VeL@ lpp aT e 

max min 

Unidirectional Bidirectional llA v v 
1.5KE300P P 1.5KE300CP 5 256 285 

p 1.5KE300A 1.5KE300CA 5 256 285 
1.5KE320P 1.5KE320CP 5 273 304 

P 1.5KE320A 1.5KE320CA 5 273 304 
P 1.5KE350P P 1.5KE350CP 5 299 332 

1.5KE350A 1.5KE350CA 5 299 332 
P 1.5KE400P P 1.5KE400CP 5 342 380 

1.5KE400A 1.5KE400CA 5 342 380 
P 1.5KE440P P 1.5KE440CP 5 376 418 

1.5KE440A 1.5KE440CA 5 376 418 

All parameters tested at 25 oc, except where indicated. 

P = Prefered device 

% lpp 

PULSE WAVEFORM 10/1000/Ls 

50 

0 

1000 /LS 

Note 1 : For surges greater than the maximum values, 

Note 2: 

Note 3: 

Note 4: 

the diode will present a short-circuit Anode- Cathode. 

Pulse test· T P < 50 ms. 

llVsR =aT· (Ta- 25) ·VBR(25"CJ· 

VR = 0 V, F = 1 MHz. For bidirectional types, 
capacitance value is divided by 2. 

nom max max max max typ 

note2 1 0/1000J.!S 8/20!-lS note3 note4 

v v rnA v A v A 10·4J'e (pF) 

300 330 1 414 5.0 529 19 11 500 
300 315 1 414 5.0 529 19 11 500 
320 352 1 438 4.5 564 18 11 460 
320 336 1 438 4.5 564 18 11 460 
350 385 1 482 4.0 618 16 11 430 
350 368 1 482 4.0 618 16 11 430 
400 440 1 548 4.0 706 14 11 390 
400 420 1 548 4.0 706 14 11 390 
440 484 1 603 3.5 776 13 11 360 
440 462 1 603 3.5 776 13 11 360 

!'---. '-... L\ I I I 
Peak Power 

100% 

80% ....... 

~ 
(on printed circuit) . 

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

Average Power "' (on Infinite heatslnk). 

60% 

40% 

20% I I 1\ 
Tamb ("c) \ 0% 

0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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1.5KExx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 !JS 

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

VeL (V) 
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1-. _l·l j. -- --- I I 
I I 

VO I I 

f-" tr t tr<10#Ls 1.5KE100P 

100 
~ 1.5KE56P 

1.5KE22P 

1.5KE12P 

10 = 1.5KE6V8P 

1 
0.1 

... .. ----
.. ... -

I 

... 

... 

--
-· ' 

I 

---•' - -I ---
... ·" -- - 1------ - -

--- -

lpc}~l~ 
10 100 1000 

Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
!1V (BR) =aT (V(BR)) • [Ta -25]• V (BR). 

For intermediate voltages, extrapolate the given results. 
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1.5KExx 

Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 

C (pF) 
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~ 
s;: 
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100 
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1~15"' 
1 sk~l_llll 

· sap 

1_::KI: 

10 

Tj = 25'C 
f = 1 MHz 

VR(V) 

100 

Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
Note : For units with VsR > 200 V 

VF is tw1ce than shown. 

IFM (A) 
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I 
I 

1 
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I I 
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25°C --
175°C-- -· 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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-
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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1.5KExx 

ORDER CODE 

1.5 KE 100 C A RL L PACKAGING: 
= Ammopack 

RL = Tape and reel. 

TOLERANCE: 
A= +1- 5% 

15oowJ:JJ I 
BREAKDOWN VOLTAGE __j 

BIDIRECTIONAL 
p = -5%, +10%. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
CB429 

~~L----·~--~G----~---L~~~ 
L1 note 1 note 1 L1 

/,·! J •. rt\ 
. ·- -·---- - -- -------- ------- -- ------ •. --. -<;J--. ',' L0 bL2 ________ 0.,-lb2~ ',' 

Ref Millimeters Inches 

min max min max 

0b2 - 1.06 - 0.042 

0D - 5.1 - 0.20 

G - 9.8 - 0.386 

L 26 - 1.024 -
L1 - 1.27 - 0.050 

note1 :The diameter 0 b2 Is not controlled over zone'L, 

Weight = 0.85 g. 

Packaging : standard packaging is in tape and reel. 
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8 DW93/ A/8/C 
8DW94/ A/8/C 

NPN/PNP POWER DARLINGTONS 

DESCRIPTION 
The BDW93, BDW93A, BDW93B and BDW93C are 
silicon epitaxial-base NPN transistors in monolithic 
Darlington configuration and are mounted in Jedec 
T0-220 plastic package. They are intended for use 
in power linear and switching applications. The com
plementary PNP types are the BDW94, BDW94A, 
BDW94B and BDW94C respectively. 

INTERNAL SCHEMATIC DIAGRAM 

NPN 

R, Typ.10 kn 
R, Typ. 150 n. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VcEO Collector-emitter Voltage (Is = 0) 

lc Collector Current 

lcM Collector Peak Current 

Is Base Current 

Ptot Total Power Dissipation at T case !0 25 °C 

Tstg Storage Temperature 

TJ Junction Temperature 
• For PNP types voltage and current values are negat1ve. 

November 1988 

NPN 
PNP* 

T0-220 

Value 

BDW93 BDW93A BDW93B BDW93C Unit 
BDW94 BDW94A BDW94B BDW94C 

45 60 80 100 v 
45 60 80 100 v 

12 A 

15 A 

0.2 A 

80 w 
-65 to 150 oc 

150 oc 

1/5 
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BDW93/ A/B/C-BDW94/ A/8/C 

THERMAL DATA 

Max 1.56 

ELECTRICAL CHARACTERISTICS (T case = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lcso Collector Cutoff Current for BDW93/94 Vcs=45V 100 iJA 
(IE= 0) for BDW93A/94A Vcs=60V 100 iJA 

for BDW93B/94B Vcs =80V 100 11A 
for BDW93C/94C Vcs=100V 100 11A 
T case = 150 °C 
for BDW93/94 Vcs =45 V 5 rnA 
for BDW93A/94A Vcs = 60 V 5 rnA 
for BDW93B/94B Vcs=80V 5 rnA 
for BDW93C/94C Vcs=100V 5 rnA 

I cEo Collector Cutoff Current for BDW93/94 VeE =40 V 1 rnA 
(Is = 0) for BDW93A/94A VeE = 60 V 1 rnA 

for BDW93B/94B VcE=80V 1 rnA 
for BDW93C/94C VeE =80 V 1 rnA 

lEBO Emitter Cutoff Current 
VEs = 5 V 2 rnA 

(lc = 0) 

VcEO{sus) 
. Collector-emitter Sustaining lc=100mA for BDW93/94 45 v 

Voltage (1 8 = 0) for BDW93A/94A 60 v 
for BDW93B/94B 80 v 
for BDW93C/94C 100 v 

VcE{sat) 
. Collector-emitter Saturation lc =5 A Is= 20 mA 2 v 

Voltage lc = 10 A ls=100mA 3 v 

VsE{sat) 
. Base-emitter Saturation lc = 5 A Is= 20 mA 2.5 v 

Voltage lc = 10 A Is= 100 mA 4 v 

hFE . DC Current Gain lc =3 A VeE =3 V 1000 
lc =5 A VeE =3 V 750 20000 
lc = 10 A VeE = 3 V 100 

vF· Parallel-diode Forward IF= 5 A 1.3 2 v 
Voltage IF= 10 A 1.8 4 v 

hte Small Signal Current Gain lc = 1 A VcE=10V 
f = 1 MHz 20 

• Pulsed : pulse duration = 300 ~s. duty cycle= 1.5 %. 
For PNP types voltage and current values are negative. 

2/5 
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Safe Operating Areas (for BDW93, BDW93A, 
BDW94, BDW94A). 

'c • 
(A) ' 

10 

10"' 

* PUtSE 
II! 

It MAX OPERATION 

·-~ 1 
lOOps 

F 

f-loc OPERATION 
I 

·~~PE~:~~~~E ~~~ i\ 
= l=l 

BOW93/94 
BOW93AI94A 

I 
' I i i-

' .. 
10 ~ ' 8 to' 

DC Current Gain (NPN types). 

10'~ 

1/ 

G-ZUOI:l 

' 

I ... 
VeE (V) 

10'mmiMII 

10' L_L_L_Ll_LlJJl __ l__l_LL_LJ_W 

tc (Al 

DC Transconductance (NPN types). 

'c 
(A) ~-1-+-J-1-+-J-1--l--~-l--l-+-i-J-+-1--H 

~· 

2.5 

"aE (V) 

8 DW93/ A/8/C-8 DW94/ A/8/C 

Safe Operating Areas (for BDW93B, BDW93C, 
BDW94B, BDW94C). 

'c 
(A) 

10"' 

. 
·~ 

I 1111 
'c ...,. •PlLSE OPERA.TK:»\1 

5ms'-lms 

---
DC PERATION 

I 

• FOR SINGLE NON 
REPETITIVE PULSE 

I i 

I Bai¥93BI94B 
BOW93C/9.C.C . .. 

10 
. .. 

'"' 

G-261511 

Collector-emitter Saturation Voltage (NPN types). 

"t£...,, 

(V) 

hF[o:.250 

2 

1 

2.5 1s tc (A) 

Collector-emitter Saturation Voltage (NPN types). 
G-2S02 

0 

1.5 'c"'t 
-....,._ 

--

JA 

,. 
0.5A 

0.5 

16 (mAl 
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8 DW93/ A/8/C-8 DW94/ A/8/C 

Saturated Switching Characteristics (NPN types). 

t 
(ps) 

~ 

hFE•250 
Vcc•JOV 

1et=-1e2 

r--t-

G2S " " 

t 

r--~ .. 
ton-

lc (A) 

Collector-base Capacitance (PNP types). 

Cceo 
(pF) 

2 
to 

10 

' 

, 

. -

G- 5515 

1--
I 

' . 
10 Vce(V) 

Small Signal Current Gain (PNP types). 
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m' . 
, 

2 
10 . 

' 
' , 

10 • . 

VeE =- 3V 
tc=-2A 

I 

2 ' & 8 1 ' ~ B 
1!) 3 162 H) 1 

I 

iii 

I 
,,. 

1\ 

t (MHzl 

Small Signal Current Gain (NPN types). 

Collector-base Capacitance (NPN types). 

2 

10~m~• 

10 
' . 

10 vee cvJ 

Collector-emitter Saturation Voltage (PNP types). 
G-5516 

-VcE(sat) -1-IH++-+++-+H--+-++!-++f+-H 
(V) 

1 5 

-11-lf-l-\-H--\-H--\-H~HI c •- SA 

-3A 

-1A 

-0 SA 

o.s '--1--l-'-1--H'-+-H-+-H-++-++H-+-1 

3 -I 8 (mA) 



-vCE{sat 

(V) 

) 

FH 
! 

1--
hFE ::250 

25 

-G 5519 

' 
' -~ 

' 

' 

' 

75 -lc(AJ 

DC Transconductance (PNP types). 

G· 5521 

8 DW93/ A/8/C-8 DW94/ A/8/C 

Collector-emitter Saturation Voltage (PNP types). 

v 
10'·rt~~-
10 ' t___L__J.._LLlJ.JcJ.L _ _[__j__[_LL, u,_u 

161' -lc <A> 

Saturated Switching Characteristics (PNP types). 

G-!15ll 

,,. ) ~ ~ ~ 

~250 
Vee ,._JOV 
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-~ !----- -~ 

> I 
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--
-I-
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6. -Ic (A) 
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BU931 /BU931 P 
BU931PFI 

HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 

• VERY RUGGED BIPOLAR TECHNOLOGY 
• HIGH OPERATING JUNCTION 

TEMPERATURE 
• WIDE RANGE OF PACKAGES 

APPLICATIONS 
• HIGH RUGGEDNESS ELECTRONIC 

IGNITIONS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEs Collector-Base Voltage (VeE = 0) 

VcEo Collector-Emitter Voltage (Is = 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

lcM Collector Peak Current 

Is Base Current 

IsM Base Peak Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 

December 1992 

PRELIMINARY DATA 

2 

T0-3 

1 

T0-218 ISOWATT218 

INTERNAL SCHEMATIC DIAGRAM 
c (2} 

l 
8 I 

1 forT0-3 
(t 1 Emitter: pin 2 

I Base: pin 1 
: Collector: tab 

J 
,.,,,.. E (3) 

Value Unit 
BU931 BU931P BU931PFI 

450 v 
400 v 

5 v 
10 A 

15 A 

1 A 

5 A 
175 150 55 w 

-65 to 200 -65 to 175 -65 to 150 oc 

200 175 150 oc 

1/4 
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BU931 /BU931 P/BU931 PFI 

THERMAL DATA 

Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

IcEs Collector Cut-off VeE= 450 V 
Current (VsE = 0) VeE= 450 V T1 = 150 °C 

IcEs Collector Cut-off VeE= 400 V 
Current (VsE = 0) 

lEBO Emitter Cut-off Current VEB = 5 v 
(lc = 0) 

VcEO(sus)* Collector-Emitter lc = 100 mA 
Sustaining Voltage 

VcE(sat)* Collector-Emitter lc = 7 A Is= 70 mA 
Saturation Voltage lc = 8 A Is= 100 rnA 

lc = 10 A Is= 250 rnA 

VsE(sat)* Base-Emitter lc = 10 A Is= 250 rnA 
Saturation Voltage 

hFE* DC Current Gain lc = 5 A VeE= 10 V 

VF Diode Forward Voltage IF= 10 A 

Functional Test Vee= 24 V Vctamp = 300 V L= 7 mH 
(see fig. 1) 

INDUCTIVE LOAD Vee= 12 V Vctamp = 300 V L= 7 mH 
Is Storage Time lc = 7 A Is= 70 rnA 
It Fall Time VsE = 0 RsE = 47 n 

(see fig. 3) 

• Pulsed: Pulse duration= 300 flS, duty cycle 1.5% 

Safe Operating Areas 

lc(A) 

= lc MAX = PULSE OPERATION 
PULSED 

to'. • ·~ lc MAX = CONI 
I'. 

T0-3 
~ TO 218 

fll r-.. 

GC25080 

• !=lii11 
10 
J.LS 

100 
J.LS 

DC Current Gain 

. 
' 

125'C 

·~ , 
10 

v 
/ 
vv 

Min. 

400 

300 

8 

=iiSOWATT218 
lms I-T- f7-40'C 

II IIIII I"" 
F • For single non 
r-- repetitive pulse 

1111 

II I IIIII I 
4 

Sms 

D.C. 

IIIII 10 

/ 

_, 
10 

/ 

Typ. Max. Unit 

250 ~A 
0.5 mA 

250 ~A 
0.5 mA 

20 mA 

500 v 

1.6 v 
1.8 v 
1.8 v 
2.5 v 

2000 

2 v 
A 

15 ~s 

0.5 ~s 

G- 5752 

v 

VeE = 2V 
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Collector-emitter Sturation Voltage 
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~_L_ 
,_ 

Switching Times Inductive Load 

t 
(~s) hFE =50 

VBEoff=-SV 
Vee -2sov 

10 

Is 

=•t ----

Ic (A) 

lc (A) 

------------- """' ~~~~m~r::[l]~~ 3/4 

591 

I 



BU931/BU931 P/BU931 PFI 

FIGURE 1: Functional Test Circuit 

DRIVER AND 
CURRENT 
LIMITING 
CIRCUIT 

24V 

o.2n 

5-3676 

FIGURE 3: Switching Time Test Circuit 

I····· 

FIGURE 2: Functional Test Waveforms 
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BU931T/BU931TFI 
BU931SM 

HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 

• VERY RUGGED BIPOLAR TECHNOLOGY 
• HIGH OPERATING JUNCTION 

TEMPERATURE 
• WIDE RANGE OF PACKAGES 
• NEW REAL POWER SURFACE MOUNTING 

PACKAGE (Power S0-10) 

APPLICATIONS 
• HIGH RUGGEDNESS ELECTRONIC 

IGNITIONS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEs Collector-Base Voltage (VeE = 0) 

VcEo Collector-Emitter Voltage (Is= 0) 

VEBO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

I eM Collector Peak Current 

le Base Current 

I eM Base Peak Current 

P1o1 Total Dissipation at Tc = 25 °C 

Ts1g Storage Temperature 

Tl Max. Operating Junction Temperature 

December 1992 

PRELIMINARY DATA 

T0-220 ISOWATT220 

PowerS0-10 

INTERNAL SCHEMATIC DIAGRAM 
c (2) 

1 
8 I 

1 for Power 50·1 0 
(1 1 Emitter· pins 1 - 5 

I Base: pins 6 · 10 
: Collector: tab 

J 
scoosoo E (3) 

Value Unit 

BU931T BU931TFI '8U931SM. 

450 v 
400 v 

5 v 
10 A 

15 A 
1 A 

5 A 
125 40 125 w 

-65 to 175 -65 to 150 -65 to 175 oc 

175 150 175 oc 

1/4 
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BU931T/BU931TFI/BU931SM 

THERMAL DATA 

Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

Ices Collector Cut-off Vce=450V 
Current (Vee = 0) Vee= 450 V T; = 150 °C 

Ices Collector Cut-off Vee= 400 V 
Current (Vee = 0) 

leso Emitter Cut-off Current Vee= 5 V 
(lc = 0) 

Vceo(sus)* Collector-Emitter lc = 100 mA 
Saturation Voltage 

Vce(sat)* Collector-Emitter lc = 7 A Is= 70 mA 
Saturation Voltage lc = 8 A Is= 100 mA 

lc = 10 A Is= 250 mA 

Vee(sat)* Base-Emitter lc = 10 A Is= 150 mA 
Saturation Voltage 

hFe* DC Current Gain lc = 5 A Vce=10V 

VF Diode Forward Voltage IF= 10 A 

Functional Test Vee= 24 V V clamp = 300 V L= 7 mH 
(see fig. 1) 

INDUCTIVE LOAD Vee= 12 V Vctamp = 300 V L= 7 mH 
Is Storage Time lc = 7 A Is= 70 mA 
It Fall Time Vee= 0 Rse=47Q 

(see fig. 3) 

• Pulsed: Pulse duration = 300 11s, duty cycle 1.5 % 

Safe Operating Areas DC Current Gain 

lc(A) 

z 

to', 
' 

= -

== 
F 
1--

lc MAX f= PULSE OPERATION 
PULSED 

lc MAX 
CONT 

ro-zzo.lso-to I/ 

GC25060 

• itt11 
10 
J-LS 

100 
J-L$ 

. 
' 

125'C 

·~c 
2 

10 

v 
/ 

v v 

Min. 

400 

300 

8 

v 
~ != ISOWATIZZO 

lms '--7--- f7-40"C 

II IIIII '"' 5ms 
~ • r or single non 
r-- repetitive pulse D.C. 

1111 
_I_WJIII _l IIIII 

' ' ~ o' z ' ' f o2 2 ' >lcr"cv) 
10 

/ 

-· 10 

Typ. Max. Unit 

250 rrA 
0.5 mA 

250 rrA 
0.5 mA 

20 mA 

500 v 

1.6 v 
1.8 v 
1.8 v 
2.5 v 

2000 

2 v 
A 

15 f!S 
0.5 f!S 

G 5752 -

-v 

VeE= 2Y 

2/4 --------------- ,~, ~~~~~~:9n ---------------
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Collector-emitter· Stu ration Voltage 
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BU931 T/BU931 TFI/BU931 SM 

FIGURE 1: Functional Test Circuit 

DRIVER AND 
CURRENT 
LIMITING 
CIRCUIT 

14V 

0,2!l 

5-3676 

FIGURE 3: Switching Time Test Circuit 

12V 

FIGURE 2: Functional Test Waveforms 

INPUT 
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BU931 Z/BU931 ZP 
BU931ZPFI 

HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 

• VERY RUGGED BIPOLAR TECHNOLOGY 
• BUlL T IN CLAMPING ZENER 
• HIGH OPERATING JUNCTION 

TEMPERATURE 
• WIDE RANGE OF PACKAGES 

APPLICATIONS 
• HIGH RUGGEDNESS ELECTRONIC 

IGNITIONS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEs Collector-Base Voltage (VsE = 0) 

VcEO Collector-Emitter Voltage (Is = 0) 

VEso Emitter-Base Voltage (lc = 0) 

lc Collector Current 

lcM Collector Peak Current 

Is Base Current 

IsM Base Peak Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 

December 1992 

PRELIMINARY DATA 

2 

T0-3 

1 

T0-218 ISOWATT218 

INTERNAL SCHEMATIC DIAGRAM 

~
(2) 

l 
B I 

1 torT0-3 
(1 1 Em1tter: pm 2 

I Base: pin 1 
: Collector: tab 

J 
sccsm E (3) 

Value Unit 

BU931Z BU931ZP BU931ZPFI 

350 v 
350 v 

5 v 
10 A 

15 A 
1 A 

5 A 
175 150 60 w 

-65 to 200 -65 to 175 -65 to 150 oc 

200 175 150 oc 

1/4 
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BU931 Z/BU931 ZP/BU931 ZPFI 

THERMAL DATA 

Thermal Resistance Junction-case Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

IcEs Collector Cut-off VeE= 450 V 
Current (VsE = 0) VeE= 450 V T1 = 150 °C 

IcEs Collector Cut-off VeE= 400 V 
Current (VsE = 0) 

lEBO Emitter Cut-off Current VEs = 5 V 
(lc = 0) 

VeL* Clampmg Voltage lc = 100 mA 

VcE(sat)* Collector-Emitter lc = 7 A Is= 70 mA 
Saturation Voltage lc = 8 A Is= 100 mA 

lc = 10 A Is= 250 mA 

VsE(sat)* Base-Emitter lc = 10 A Is= 250 mA 
Saturation Voltage 

hFE* DC Current Gain lc = 5 A VcE=10V 

VF Diode Forward Voltage IF= 10 A 

Functional Test Vee= 24 V L= 7 mH 
(see fig. 1) 

INDUCTIVE LOAD Vcc=12V L=7mH V clamp = 300 V 
Is Storage Time lc = 7 A Is = 70 mA 
It Fall Time VsE = 0 RsE = 47 Q 

(see fig. 3) 

• Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 

Safe Operating Areas 

lc(A) 

'f= lc MAX r-- PULSE OPERATION 

z PULSED 

101 

~~ lc MAX 
•f= CONT 
z 

f/1 
·~ 

T0-3 
T0-218 

!f=== ISOWATTZ1S 
10° 

2 

1 IIIII " :~ • r or single non ·== repeutlve pulse 

z 1111 
2 I 1111111 I I 

4 

598 

GC25020 

·m 
10 
J-LS 

100 
J-LS 

1ms 

5ms 

D.C. 

IIIII 

DC Current Gain 

' 

103 

' 

Ia' 
' 

125'<;.; 

v.;'Y 1:/ .• a•c 

Min. Typ. 

350 

300 

8 

15 
0.5 

-r-

VCE.=2V 

' 'I 

Max. Unit 

250 llA 
0.5 mA 

250 llA 
0.5 mA 

20 mA 

500 v 
1.6 v 
1.8 v 
1.8 v 
2.5 v 

2000 

2 v 
A 

jlS 

jlS 

GC-OJ~J 

-

' 1 fciAI 



Collector-emitter Saturation Voltage 
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BU931 Z/BU931 ZP/BU931 ZPFI 

FIGURE 1: Functional Test Circuit 

DRIVER AND 
CURRENT 
LIMITING 
CIRCUIT 

~0.22 
T.U.T. I,uF 

!:.-3676 

FIGURE 3: Switching Time Test Circuit 

600 

FIGURE 2: Functional Test Waveform 
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BU931 ZT/BU931 ZTFI 
BU931ZSM 

HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 

• VERY RUGGED BIPOLAR TECHNOLOGY 
• BUlL TIN CLAMPING ZENER 
• HIGH OPERATING JUNCTION 

TEMPERATURE 
• WIDE RANGE OF PACKAGES 
• NEW REAL POWER SURFACE MOUNTING 

PACKAGE (Power S0-10) 

APPLICATIONS 
• HIGH RUGGEDNESS ELECTRONIC 

IGNITIONS 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEs Collector-Base Voltage (VsE = 0) 

VcEO Collector-Emitter Voltage (Is = 0) 

VEsO Emitter-Base Voltage (lc = 0) 

lc Collector Current 

lcM Collector Peak Current 

Is Base Current 

IsM Base Peak Current 

Ptot Total Dissipation at Tc = 25 °C 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 

December 1992 

PRELIMINARY DATA 

T0-220 ISOWATT220 

~ 1 

PowerS0-10 

INTERNAL SCHEMATIC DIAGRAM 
c (2) 

l 
B I 

1 for Power S0-1 0 
(1 1 Emttter: pinS 1 - 5 

I Base: pins 6- 10 
: Collector: tab 

J 
SC05510 E (3) 

Value Unit 

BU931ZT BU931ZTFI BU931ZSM 

350 v 
350 v 

5 v 
10 A 

15 A 

1 A 

5 A 

125 40 125 w 
-65 to 175 -65 to 150 -65 to 175 oc 

175 150 175 oc 

1/4 
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BU931 ZT/BU931 ZTFI/BU931 SM 

THERMAL DATA 

Thermal Resistance Junction-case Max 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

Symbol Parameter Test Conditions 

IcEs Collector Cut-off VeE= 450 V 
Current (VaE = 0) VeE= 450 V T1 = 150 °C 

IcEs Collector Cut-off VeE= 400 V 
Current (VaE = 0) 

lEBO Emitter Cut-off Current VEB = 5 V 
(lc = 0) 

VeL* Clamping Voltage lc = 100 mA 

VeE(sat)* Collector-Emitter le = 7 A Ia = 70 mA 
Saturation Voltage lc = 8 A Ia = 100 mA 

le = 10 A Ia = 250 mA 

VaE(sat)* Base-Emitter lc = 10 A Ia = 150 mA 
Saturation Voltage 

hFE* DC Current Gain le = 5 A VeE= 10 V 

VF Diode Forward Voltage IF= 10 A 

Functional Test Vee= 24 V L= 7 mH 
(see fig. 1) 

INDUCTIVE LOAD Vee= 12 V L= 7 mH V clamp = 300 V 
Is Storage Time lc = 7 A Ia = 70 mA 
It Fall Time VaE = 0 RaE= 47 Q 

(see fig. 3) 

• Pulsed: Pulse duration= 300 ~s. duty cycle 1.5% 

Safe Operating Areas 

lc(A) 

'i== lc MAX - PULSE OPERATION 
PULSED 

2 

101 "' ~~ lc MAX .t= 
- CONT 

2 
T0-220 S 0-10 1\ 

:= = 1SOWAn220 
1 o' 

2 

II IIIII "' 1 

·~ • for single non 
repetitive pulse 

Ill 

GC25070 

•ffffi 
10 
fLS 

100 
fLS 

1ms 

5ms 

D.C. 

DC Current Gain 

103 

' 

1o; 

1d 

125'<;;' 

~y ~-40'C 

Min. Typ. 

350 

300 

8 

15 
0.5 

1----.... 

VcE"2V 

II IIIII I IIIII 
01 4 6 e 1 

Max. Unit 

250 !!A 
0.5 mA 

250 !!A 
0.5 mA 

20 mA 

500 v 
1.6 v 
1.8 v 
1.8 v 
2.5 v 

2000 

2 v 
A 

!!S 
!!S 

GC 0353 

- . 

-
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Collector-emitter' Saturation Voltage 
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BU931 ZT/BU931 ZTFI/BU931 SM 

FIGURE 1: Functional Test Circuit 

DRIVER AND 
CURRENT 
LIMITING 
CIRCUIT 

14V 

o.2n 

!,·3676 

FIGURE 3: Switching Time Test Circuit 

12V 

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

FIGURE 2: Functional Test Waveform 
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FEATURES 

• PEAK PULSE POWER= 400 W @ 1 ms. 
• STAND-OFF VOLTAGE RANGE : 

From 5VB to 376 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 
• UL RECOGNIZED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current 
For Unidirectional types 

Tstg Storage and junction temperature range 
Tj 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

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

TRANSIL 

F126 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with: Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb =25°C 400 w 

Tlead = 75°C 1.7 w 

Tamb =25°C 50 A 
t=10 ms 

-65 to+ 175 oc 
175 oc 

230 oc 

1/7 
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BZW04-xx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 60 ocNJ 

Rth O-a) Junction to ambiant. on printed circuit. Llead = 10 mm 100 ocNJ 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VsR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

en Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 25 A. 

------------------ I pp 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp a.T e 

max min nom max max max max typ 

note2 1 0/1000J.1S 8/20J.1S note3 note4 

Unidirectional Bidirectional JlA v v v v rnA v A v A 1Q-4Joe (pF) 

P BZW04P5V8 P BZW04P5V8B 1000 5.8 6.45 6.8 7.48 10 10.5 38 13.4 174 5.7 3500 
BZW04-5V8 BZW04-5V8B 1000 5.8 6.45 6.8 7.14 10 10.5 38 13.4 174 5.7 3500 
BZW04P6V4 P BZW04P6V4B 500 6.4 7.13 7.5 8.25 10 11.3 35.4 14.5 160 6.1 3100 
BZW04-6V4 BZW04-6V4B 500 6.4 7.13 7.5 7.88 10 11.3 35.4 14.5 160 6.1 3100 
BZW04P7VO BZW04P7VOB 200 7.02 7.79 8.2 9.02 10 12.1 33 15.5 148 6.5 2700 
BZW04-7VO BZW04-7VOB 200 7.02 7.79 8.2 8.61 10 12.1 33 15.5 148 6.5 2700 
BZW04P7V8 BZW04P7V8B 50 7.78 8.65 9.1 10 1 13.4 30 17.1 134 6.8 2300 
BZW04-7V8 BZW04-7V8B 50 7.78 8.65. 9.1 9.55 1 13.4 30 17.1 134 6.8 2300 
BZW04PBV5 BZW04P8V5B 10 8.55 9.5 10 11 1 14.5 27.6 18.6 124 7.3 2000 
BZW04-8V5 BZW04-8V5B 10 8.55 9.5 10 10.5 1 14.5 27.6 18.6 124 7.3 2000 

P BZW04P9V4 BZW04P9V4B 5 9.4 10.5 11 12.1 1 15.6 25.7 20.3 113 7.5 1750 
BZW04-9V4 BZW04-9V4B 5 9.4 10.5 11 11.6 1 15.6 25.7 20.3 113 7.5 1750 

P BZW04P10 P BZW04P10B 5 10.2 11.4 12 13.2 1 16.7 24 21.7 106 7.8 1550 
BZW04-10 BZW04-10B 5 10.2 11.4 12 12.6 1 16.7 24 21.7 106 7.8 1550 

P BZW04P11 P BZW04P11B 5 11.1 12.4 13 14.3 1 18.2 22 23.6 97 8.1 1450 
BZW04-11 BZW04-11 B 5 11.1 12.4 13 13.7 1 18.2 22 23.6 97 8.1 1450 

P BZW04P13 P BZW04P13B 5 12.8 14.3 15 16.5 1 21.2 19 27.2 85 8.4 1200 
P BZW04-13 P BZW04-13B 5 12.8 14.3 15 15.8 1 21.2 19 27.2 85 8.4 1200 
P BZW04P14 BZW04P14B 5 13.6 15.2 16 17.6 1 22.5 17.8 28.9 80 8.6 1100 

BZW04-14 BZW04-14B 5 13.6 15.2 16 16.8 1 22.5 17.8 28.9 80 8.6 1100 
P BZW04P15 P BZW04P15B 5 15.3 17.1 18 19.8 1 25.2 16 32.5 71 8.8 975 
P BZW04-15 P BZW04-15B 5 15.3 17.1 18 18.9 1 25.2 16 32.5 71 8.8 975 

BZW04P17 BZW04P17B 5 17.1 19 20 22 1 27.7 14.5 36.1 64 9.0 850 
BZW04-17 BZW04-17B 5 17.1 19 20 21 1 27.7 14.5 36.1 64 9.0 850 
BZW04P19 P BZW04P19B 5 18.8 20.9 22 24.2 1 30.6 13 39.3 59 9.2 BOO 

P = Prevered device 
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BZW04-xx 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max min nom max max max max typ 

note2 10/1 OOOJ.!S 8/20J.!S note3 note4 
Unidirectional Bidirectional J.IA v v v v rnA v A v A 10-4/oc (pF) 

BZW04-19 BZW04-19B 5 18.8 20.9 22 23.1 1 30.6 13 39.3 59 9.2 800 
BZW04P20 P BZW04P20B 5 20.5 22.8 24 26.4 1 33.2 12 42.8 54 9.4 725 
BZW04-20 BZW04-20B 5 20.5 22.8 24 25.2 1 33.2 12 42.8 54 9.4 725 
BZW04P23 P BZW04P23B 5 23.1 25.7 27 29.7 1 37.5 10.7 48.3 48 9.6 625 
BZW04-23 BZW04-23B 5 23.1 25.7 27 28.4 1 37.5 10.7 48.3 48 9.6 625 

P BZW04P26 BZW04P26B 5 25.6 28.5 30 33 1 41.5 9.6 53.5 43 9.7 575 
BZW04-26 BZW04-26B 5 25.6 28.5 30 31.5 1 41.5 9.6 53.5 43 9.7 575 

P BZW04P28 P BZW04P28B 5 28.2 31.4 33 36.3 1 45.7 8.8 59.0 39 9.8 510 
BZW04-28 BZW04-28B 5 28.2 31.4 33 34.7 1 45.7 8.8 59.0 39 9.8 510 
BZW04P31 BZW04P31B 5 30.8 34.2 36 39.6 1 49.9 8 64.3 36 9.9 480 

P BZW04-31 BZW04-31B 5 30.8 34.2 36 37.8 1 49.9 8 64.3 36 9.9 480 
P BZW04P33 P BZW04P33B 5 33.3 37.1 39 42.9 1 53.9 7.4 69.7 33 10.0 450 
P BZW04-33 BZW04-33B 5 33.3 37.1 39 41.0 1 53.9 7.4 69.7 33 10.0 450 

BZW04P37 BZW04P37B 5 36.8 40.9 43 47.3 1 59.3 6.7 76.8 30 10.1 400 
BZW04-37 P BZW04-37B 5 36.8 40.9 43 45.2 1 59.3 6.7 76.8 30 10.1 400 
BZW04P40 BZW04P40B 5 40.2 44.7 47 51.7 1 64.8 6.2 84 27 10.1 370 
BZW04-40 BZW04-40B 5 40.2 44.7 47 49.4 1 64.8 6.2 84 27 10.1 370 
BZW04P44 BZW04P44B 5 43.6 48.5 51 56.1 1 70.1 5.7 91 25 10.2 350 
BZW04-44 BZW04-44B 5 43.6 48.5 51 53.6 1 70.1 5.7 91 25 10.2 350 
BZW04P48 P BZW04P48B 5 47.8 53.2 56 61.6 1 77 5.2 100 23 10.3 320 

P BZW04-48 P BZW04-48B 5 47.8 53.2 56 58.8 1 77 5.2 100 23 10.3 320 
BZW04P53 BZW04P53B 5 53.0 58.9 62 68.2 1 85 4.7 111 21 10.4 290 
BZW04-53 BZW04-53B 5 53.0 58.9 62 65.1 1 85 4.7 111 21 10.4 290 

P BZW04P58 P BZW04P58B 5 58.1 64.6 68 74.8 1 92 4.3 121 19 10.4 270 
BZW04-58 BZW04-58B 5 58.1 64.6 68 71.4 1 92 4.3 121 19 10.4 270 
BZW04P64 BZW04P64B 5 64.1 71.3 75 82.5 1 103 3.9 134 17 10.5 250 

P BZW04-64 B2W04-64B 5 64.1 71.3 75 78.8 1 103 3.9 134 17 10.5 250 
BZW04P70 BZW04P70B 5 70.1 77.9 82 90.2 1 113 3.5 146 16 10.5 230 
BZW04-70 P BZW04-70B 5 70.1 77.9 82 86.1 1 113 3.5 146 16 10.5 230 
BZW04P78 BZW04P78B 5 77.8 86.5 91 100 1 125 3.2 162 14 10.6 210 
BZW04-78 BZW04-78B 5 77.8 86.5 91 95.5 1 125 3.2 162 14 10.6 210 

P BZW04P85 P BZW04P85B 5 85.5 95.0 100 110 1 137 2.9 178 13 10.6 200 
BZW04-85 BZW04-85B 5 85.5 95.0 100 105 1 137 2.9 178 13 10.6 200 
BZW04P94 BZW04P94B 5 94.0 105 110 121 1 152 2.6 195 12 10.7 185 
BZW04-94 BZW04-94B 5 94.0 105 110 116 1 152 2.6 195 12 10.7 185 
BZW04P102 BZW04P102B 5 102 114 120 132 1 165 2.4 212 11 10.7 170 
BZW04-102 BZW04-102B 5 102 114 120 126 1 165 2.4 212 11 10.7 170 
BZW04P111 P BZW04P111 B 5 111 124 130 143 1 179 2.2 230 10 10.7 165 
BZW04-111 BZW04-111B 5 111 124 130 137 1 179 2.2 230 10 10.7 165 

P BZW04P128 P BZW04P128B 5 128 143 150 165 1 207 2.0 265 9 10.8 145 
BZW04-128 BZW04-128B 5 128 143 150 158 1 207 2.0 265 9 10.8 145 

I 
P BZW04P136 P BZW04P136B 5 136 152 160 176 1 219 1.8 282 8 10.8 140 
P BZW04-136 P BZW04-136B 5 136 152 160 168 1 219 1.8 282 8 10.8 140 
P BZW04P145 P BZW04P145B 5 145 161 170 187 1 234 1.7 301 7.5 10.8 135 

BZW04-145 BZW04-145B 5 145 161 170 179 1 234 1.7 301 7.5 10.8 135 
BZW04P154 BZW04P154B 5 154 171 180 198 1 246 1.6 317 7 10.8 125 
BZW04-154 BZW04-154B 5 154 171 180 189 1 246 1.6 317 7 10.8 125 
BZW04P171 BZW04P171B 5 171 190 200 220 1 274 1.5 353 6.5 10.8 120 
BZW04-171 BZW04-171B 5 171 190 200 210 1 274 1.5 353 6.5 10.8 120 
BZW04P188 P BZW04P188B 5 188 209 220 242 1 328 1.4 388 6 10.8 110 
BZW04-188 BZW04-188B 5 188 209 220 231 1 328 1.4 388 6 10.8 110 
BZW04P213 P BZW04P213B 5 213 237 250 275 1 344 1.5 442 5.2 11 100 
BZW04-213 BZW04-213B 5 213 237 250 263 1 344 1.5 442 5.2 11 100 

P BZW04P239 P BZW04P239B 5 239 266 280 308 1 384 1.5 494 4.6 11 95 
BZW04-239 BZW04-239B 5 239 266 280 294 1 384 1.5 494 4.6 11 95 

P = Prevered dev1ce 
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BZW04-xx 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max min 

Unidirectional Bidirectional !lA v v 
BZW04P256 BZW04P256B 5 256 285 
BZW04-256 BZW04-256B 5 256 285 
BZW04P273 BZW04P273B 5 273 304 
BZW04-273 BZW04-273B 5 273 304 
BZW04P299 P BZW04P299B 5 299 332 

P BZW04-299 P BZW04-299B 5 299 332 
BZW04P342 P BZW04P342B 5 342 380 
BZW04-342 P BZW04-342B 5 342 380 

P BZW04P376 P BZW04P376B 5 376 418 
BZW04-376 P BZW04-376B 5 376 418 

All parameters tested at 25 oc, except where indicated. 

P = Prefered device 

% lpp 

1 00 -+---.r-1 O_,__JL_S-

PULSE WAVEFORM 10/1000JLS 

50 

0 
1000 JLS 

Note 1 : For surges greater than the maximum values, 

Note 2: 

Note 3: 

Note 4: 

the diode will present a short-circuit Anode- Cathode. 

Pulse test: T p <50 ms 

!!.VsR ~aT· (Ta- 25) · VsR(25"Cl· 

VA~ 0 V, F ~ 1 MHz For btd~recttonal types, 
capacitance value is divided by 2. 

nom max max max max typ 

note2 10/1000!15 8/20!15 note3 note4 

v v mA v A v A 1o-4re (pf) 

300 330 1 414 1.2 529 4.3 11 90 
300 315 1 414 1.2 529 4.3 11 90 
320 352 1 438 1.2 564 4 11 85 
320 336 1 438 1.2 564 4 11 85 
350 385 1 482 0.9 618 3.7 11 80 
350 368 1 482 0.9 618 3.7 11 80 
400 440 1 548 0.9 706 3.2 11 75 
400 420 1 548 0.9 706 3.2 11 75 
440 484 1 603 0.8 776 3 11 70 
440 462 1 603 0.8 776 3 11 70 

I 
......... 
~ I I I 
~ l'\ Peak Power 

100% 

...... 
\' 

(on printed circuit) . 80% 

60% r-......... 

r'\ 
......... ........ 

Average Power 
(on Infinite heatsink). 40% 

20% I I "' Tamb ("c) 1\ 0% 
0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 J.1S 
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t = 1 ms -------------
1 =10 ms ............. .. 

VeL (V) 

TJinltlal = 25'C 

11Ji I (mS )I EXt I· 
10 100 

1000m~-~~ •~•mn ·~-~ . • • • 100 

~~~~:::· ~=0~4:;P2~!:;:~+':t" 4=tffi;,;~o..·4--::::_H--tffiHt--t-t---t- 50 -:-- I 
I I 

_1. -~~ ~ 0 I t 
BWZ014P718 ~ ~ ~ ~ ~ t, I 1,. 10110 

100~81111111tled BWZ04P53 ~ ~ -

BWZ04P33 . . . . _ ~ :: ~ 

BWZ04P178 

ewzo14Pa1vs 
1 O BWZ04PSV8 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 

BZW04-xx 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) =aT (V(BR)) • [Ta -25]• V (BR)· 
For intermediate voltages, extrapolate the given results. 
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BZW04-xx 

Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For umts w1th VeR > 200 V 
VF is tw1ce than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 

C (pF) 
10000 

ez.:Vo~P1s~ 
1000 

BZW04P1;il;l: 

_B~04P2se' 

100 ezwo4~>'s88' 

BZW04P171 

~w0fPI3fTT 
10 

1 

Tj- 25"C 
I= 1 MHz 

1-

VR(V) 

10 100 

Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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ORDER CODE 

BZW 04 

400 w -~~------'1 -
TOLERANCE :-~~-' 

- ~+1- 5% 
p ~ -5%, +10%. 

10 B RL 

PACKAGING: 
~ Ammopack 

RL ~Tape and reel. 

BIDIRECTIONAL 

STAND-OFF VOLTAGE 

BZW04-xx 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
F 126 (Plastic). 

~~L~~·~~~G~--+---~L~~~ 
L1 note 1 note 1 l1 

.·.·J 1 I~ E:4$:1=1·------------ -~::¢=:¢3(---0--

Ref 

0b2 
0D 

G 

L 

L1 

Millimeters Inches 

min max min max 

0.76 0.86 0.029 0.034 

2.95 3.05 0.116 0.120 

6.05• 6.35 0.238 0.250 

26 - 1.024 

1.27 - 0.050 

L(j bL2~~~--(j-:-'b2~ . ,· note1 :The diameter 0 b2 is not controlled over zone L1 

Weight~ 0.4 g. 

Packaging : standard packaging is in tape and reel. 

----------- '="= SCS-THOMSON __________ 7_i7 ... 'Y I ~O©IRJ@[l:[L[;i(i;U'IRJ@[II]O(f;;j) 
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FEATURES 

• PEAK PULSE POWER= 5000 W @ 1 ms. 
• STAND-OFF VOLTAGE RANGE: 

From 10V to 180 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current 
For Unidirectional types. 

Tstg Storage and junction temperature range 
Tj 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

8ZW50-1 0,8/180,8 

TRANSIL 

AG 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb =25°C 5000 w 

Tlead = 75°C 6.5 w 

Tamb =25°C 500 A 
I =10 ms 

-65 to+ 175 oc 
175 oc 

230 oc 

1/6 
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BZW50-1 0 B/180 B 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 15 ocNJ 

Rth 0-a) Junction to ambient. on printed circuit. Llead = 10 mm 65 ocNJ 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

en Voltage temperature coefficient. 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ IPP aT e 

max min nom max max max max typ 

note2 10/1000!15 8/20!15 note3 note4 

Unidirectional Bidirectional J.IA v v v v mA v A v A 10-4toe (pF) 

BZW50-10 BZW50-10B 5 10 11.1 12.4 13.6 1 18.8 266 23.4 2564 7.8 24000 
BZW50-12 BZW50-12B 5 12 13.3 14.8 16.3 1 22 227 28 2143 8.4 18500 
BZW50-15 BZW50-15B 5 15 Hi.6 18.5 20.4 1 26.9 186 35 1714 8.8 13500 
BZW50-18 BZW50-18B 5 18 20 22.2 24.4 1 32.2 155 41.5 1446 9.2 11500 
BZW50-22 BZW50-22B 5 22 24.4 27.1 29.8 1 39.4 127 51 1177 9.6 8500 
BZW50-27 BZW50-27B 5 27 30 33.3 36.6 1 48.3 103 62 968 9.8 7000 
BZW50-33 BZW50-33B 5 33 36.6 40.7 44.7 1 59 85 76 789 1.0 5750 
BZW50-39 BZW50-39B 5 39 43.3 48.1 53 1 69.4 72 90 667 10.1 4800 
BZW50-47 BZW50-47B 5 47 52 57.8 63.6 1 83.2 60.1 108 556 10.3 4100 
BZW50-56 BZW50-56B 5 56 62.2 69.1 76 1 99.6 50 129 465 10.4 3400 
BZW50-68 BZW50-68B 5 68 75.6 84 92.4 1 121 41 157 382 10.5 3000 
BZW50-82 BZW50-82B 5 82 91 101.2 111 1 145 34 189 317 10.6 2600 
BZW50-100 BZW50-100B 5 100 111 123.5 136 1 179 28 228 263 10.7 2300 
BZW50-120 BZW50-1208 5 120 133 148.1 163 1 215 23 274 219 10.8 1900 
BZW50-150 BZW50-150B 5 150 166 185.2 204 1 269 19 343 175 10.8 1700 
BZW50-180 BZW50-180B 5 180 200 222 244 1 322 16 410 146 10.8 1500 

All parameters tested at 25 oc, except where indicated. 

Note 2: Pulse test: T p < 50 ms. 

Note 3: aVsR = uT · (Ta- 25) ·VsR(25'Cl· 

Note 4: VR = 0 V, F = 1 MHz. For bidirectional types, capacitance value is divided by 2. 
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o/olpp 

100 --4----,r-__.10'"-'=fL--_S_ 

PULSE WAVEFORM 1011000JLs 

50 

0 
1000 fLS 

Note 1 : For surges greater than the maximum values. 
the diode will present a short-circuit Anode- Cathode 

8ZW50-10 8/180 8 

I 
........ 

............ I I I 
I'--.. ~ Peak Power 

0 ....... (on printed circuit) . 

~ I'--.. 

100% 

40-Y< 

0 -......: 

"' 
........ 

Average Power 
0 (on infinite heatsink). 

I I f\ 
0 

Tamb ("c) [\ 
0 I I oo;. 
0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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BZW50-10 B/180 B 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 llS 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 ac before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
tN (BR) = aT (V(BR)) • [T a -25] • V (BR). 
For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For umts w1th VeR > 200 V 
VF is tw1ce than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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BZWS0-10 B/180 B 

ORDER CODE 

BZW 50 - 10 B 

5ooow----

STAND-OFFVOLTAGE +---___j .--.BIDIRECTIONAL. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
AG plastic. 

Ref Millimeters Inches 

L G L 
' D 

min max min max 

~l11-- ..,L1~ 
0b2 1.35 1.45 0.053 0.057 

00 8 0.315 

-~,~-cb II' 
-=,~- c-- - r-----

II : ( I : 
~ ~ ' I 

: ' ' 

G 9.8 - 0.354 

L 20 0.787 

L1 - 1.27 0.050 

note 1 : The lead diameter 0 b, is not controlled over 
zone L1 

: note 2 : note 2 : 20mm minimum between bendmgs. 

' Weight = 1.6 g. 

Packaging : standard packaging is in bulk. 
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FEATURES 

• TRANSIENT VOLTAGE SUPPRESSOR 
DIODE ESPECIALLY DESIGNED FOR 
LOAD DUMP EFFECT PROTECTION 

• HIGH SURGE CURRENT CAPABILITY: 
40 A/ 40 ms EXPONENTIAL WAVE 

• COMPLIANT WITH MAIN STANDARDS 
SUCH AS: 
-ISO I DTR 7637 
-SAEJ 1113A ... 

DESCRIPTION 

Transient voltage suppressor diode especially 
developed for sensitive circuit protection in 
automotive systems such as dash board, car radios 
etc. 

Its high surge current capability and instantaneous 
response to transients provide an efficient 
protection against the load dump effect. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Vpp Peak pulse load dump overvoltage 
See note 1 -2 

p Power dissipation on fnfinite heatsink 

IFSM Non repetitive surge peak forward current. 

Tstg Storage and junction temperature range. 
Tj 

TL Maximum lead temperature for soldering 
during 10 sec at 4 mm from case. 

THERMAL RESISTANCES 

Symbol Parameter 

Rth U-1) Junction-leads on infinite heatsink 

Rth U-a) Junction to ambient on printed circuit. 

Note 1 : For surges greater than the maximum values. 
the diode Will present a short-circuit Anode- Cathode. 

December 1992 

LDP24AS 
TRANSIL 

LOAD DUMP PROTECTION 

Tamb =85°C 

Tamb = 1oooc 

Tj initial = 25°C 
I= 10 ms 

Llead = 10 mm 

AG 
(Plastic) 

Value 

120 

5 

200 

-65 to+ 175 
170 

230 

Value 

15 

50 

Unit 

v 

w 

A 

oc 
oc 

oc 

Unit 

°CIW 

octw 

1/5 
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LDP24AS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VsR Breakdown voltage. 

VeL Clamping voltage. 

lpp Peak pulse current. 

<XT Temperature coefficient of VBR· 

c Capacitance 

t Clamping time (OV to VBR): tp = 1ps 
clamping 

------------------- lpp 

Symbol Test Conditions Min. Typ. Max. Unit 

Tc = -40'C VRM = 24V 10 
IRM Tc = 25'C 50 J.lA 

Tc = 85'C 300 

VBR Tc = 25'C IR = 1mA 25 32 v 

Tc = -40'C lpp = 40A 36 
VeL Tc = 25'C (Note 2) 38 v 

Tc = 85'C 40 

aT Tc = 25'C 9.6 10 -4rc 

c F = 1MHz VR = OV 8000 pF 

Note 2 : Surge generator 

v Load dump waveform 

1.5 ohms 0.5 ohms 

(, 11 

3.5 ohms C<100 p.F D.U.T 
OUTPUT VOLTAGE WITHOUT D U T 

Vpp ,., 
120V 

I 

tp=40ms 

CURRENT THROUGH 0 U.T 

_21_5 ______________________ ~~l ~~~@~gml~~@~------------------------
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Figure 1 : Peak pulse power versus exponential pulse duration (Tj initial =85"C). 
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Figure 2 : Clamping voltage versus peak pulse current (Tj initial =85"C). 
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LDP24AS 

Figure 3 : Peak pulse current versus 
exponential pulse duration (Tj initial =85'C). 
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Figure 5 : Transient thermal impedance 
junction-ambient versus pulse duration (device 
mounted on PC Board with L read = 1 Omm). 
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Figure 4 : Peak pulse power versus junction 
temperature. 
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Figure 6 : Peak forward current versus 
peak forward voltage drop (typical values). 
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ORDER CODE 

LOP 24 

LOADDU~J 
PROTECTION 

STAND OFF VOLTAGE 

A S RL 
- ~-

PACKAGING: 
~ Ammopack 

RL ~ Tape and reel 

MESA GLASS 

AG CASE 

MARKING : Logo, Date Code, Type Code, 
Cathode Band. 

Weight~ 1 g. 

Packaging : standard packaging is in tape and reel. 

PACKAGE MECHANICAL DATA 
AG (Plastic). 

L I G I 
L11 I note 1 note 11 I L1 

I j 

LDP24AS 

L ~ 

~ 
---- J __ -- -- -- -------- ------- --- ' "- ----<;J---
'• 

L0b2 0b2
1J 

•, 

Ref Millimeters Inches 

min max min max 

0b2 1.35 1.45 0.053 0.057 

00 8 - 0.315 

G 9 0.354 
L 20 - 0.787. 

L1 - 1.27 0.050 

Note1: The diameter 0 b2 1s not controlled over zone L 1. 
Cooling method : by convection (method A). 

5/5 
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MTP3055E 
MTP3055EFI 

N- CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTORS 

TYPE Voss Ros(on) lo 

MTP3055E 60 v 0.15 Q 14 A 
MTP3055EFI 60 v 0.15 Q 10 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 1 00°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kQ) 

VGs Gate-source Voltage 

lo Drain Current (cont.) at Tc = 25 °C (#) 

lo Drain Current (cont.) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 
(•)· Pulse w1dth ilm1ted by safe operatmg area 
(#) T, = 50 "C for T0-220 

Apri11g92 

T0-220 ISOWATI220 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

MTP3055E MTP3055EFI 

60 v 
60 v 

± 20 v 
14 10 A 

10.5 6 A 

56 56 A 

70 30 w 
0.47 0.24 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 

1/6 
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MTP3055E/FI 

THERMAL DATA 

T0-220 /ISOWATT220 

RthJ·Case Thermal Resistance Junction-case Max 2.1 I 4.17 

Rthj-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc·s Thermal Resistance Case-sink Typ 0.5 

TJ Maximum Lead Temperature. For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 14 
(pulse width limited by T1 max, o < 1%) 

EAs Single Pulse Avalanche Energy 35 
(starting T1 = 25 °C, lo = IAR, Voo = 25 V) 

EAR Repetitive Avalanche Energy 9 
(pulse width limited by Tj max, o < 1 %) 

IAR Avalanche Current, Repetitive or Not-Repetitive 8.5 
(Tc = 100 °C, pulse width limited by T1 max, o < 1%) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. Max. 

V(BR)DSS Drain-source lo = 250 J.lA VGs = 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 50 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 1000 

IGSS Gate-body Leakage VGs=±20V ± 100 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 J.lA 2 4 

Ros(on) Static Drain-source On VGs = 10V lo = 7 A 0.15 
Resistance 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max VGs = 10 V 14 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. Max. 

gJs (*) Forward Vos > lo(on) X Ros(on)max lo = 7 A 3 
Transconductance 

Ciss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 600 
Coss Output Capacitance 300 
Crss Reverse Transfer 150 

Capacitance 

°C/W 

°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

J.lA 
J.lA 

nA 

Unit 

v 
Q 

A 

Unit 

s 

pF 
pF 
pF 

2/6 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING RESISTIVE LOAD 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 25 V lo = 9 A 
tr Rise Time RG =50 Q VGs=10V 

td(off) Turn-off Delay Time (see test circuit) 
It Fall Time 

Og Total Gate Charge lo = 14 A VGs = 10 V 
Voo = 40 V 
(see test circuit) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
Source-drain Current 

lsoM(•) (pulsed) I 
Vso (*) Forward On Voltage lso=14A VGs = 0 

trr Reverse Recovery lso = 14 A di!dt = 1 00 A/JlS 
Time Voo = 30 V T1 = 150 °C 

Orr Reverse Recovery 
Charge 

0 (*)Pulsed. Pulse duratron- 300 JlS, duty cycle 1.5 Yo 
(•) Pulse width lrmited by safe operatrng area 

MTP3055E/FI 

Min. Typ. Max. Unit 

45 65 ns 
75 100 ns 
55 75 ns 
50 70 ns 

18 25 nC 

Min. Typ. Max. Unit 

14 A 
56 A 

1.5 v 
80 ns 

0.15 JlC 

Safe Operating Area for T0-220 Safe Operating Area for ISOWATT220 

GC3.44.30 CC34UO 

IOOJ.LS 

lms 

-:-::':.-:-':'::'":~...N'Mttlll Oms 
lOOms 
Is 
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MTP3055E/FI 

Thermal Impedance for T0-220 Thermal Impedance for ISOWATT220 

GC20930 
K 

0 0.5 

II 
0.2 ,1, 

0.1 - .... ~ 
0.05 

0.0 Zth k RthJ-c 

tl= t,/T 
-j, 0.01 __flfL 
SINGLE PULSE 

1111111 I IIIII~ --t±J 
-

10-2 

10-5 10 4 to 3 to 2 to-t tp(s) 

Derating Curve for T0-220 Derating Curve for ISOWATT220 

Ptot {W ) 
GC20120 

30 

20 

I\. 
I\. 

I\. 
I\. 

10 

\. 
~ 

' D 50 tOO D 50 tOO 

Output Characteristics Transfer Characteristics 

) lzov/ ffl!- YGs =8V 
6V 1-:: 

tOY- 'r/1 j7V ........ 
!. '(/ v t6 

(jCJ~90 GC21760 
10 (A) I 

I 
V05 =25V 1/ 

20 

II. v 
Yf 

5V r--
f-"""' 

t2 

8 

I 
I 

II 

15 

to 
/ 

I 4V 
4 I 

I 
5 

v / 
0 2 3 0 2 4 8 VGs (v) 
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Transconductance 

GC201LO 

9tsCs) 

10 

1.--!--~ 

/ ~--"" 
8 

r 
6 

/ 

I 
I 

4 

2 
Vos =25V 

0 10 20 30 40 50 10 (A) 

Gate Charge vs Gate-source Voltage 

GC21S80 

Vos (v) 
/_ 

10 I 
Vos=40V I 

I 
I 

8 

v 
6 

4 I 
_j_ 

2 I 10 -14A 1 

I 
I 

0 4 8 12 16 0 0 (nC) 

Normalized On Resistance vs Temperature 

Ros{on) 
(norm) 

1.5 

1.0 

0.5 

0 
-50 0 

GC22310 

I 

Vas= 1 OV 
10 =7A 

50 100 T, (°C) 

MTP3055E/FI 

Static Drain-source On Resistance 

Ros(on 
(0) 

CC20150 

) 

0.25 

0.20 

0.15 

Yes =1 OV Vzov 

/ v 0.10 

0.05 .-I-
0 10 20 30 40 50 i0(A) 

Capacitance Variations 

GC34LOO 

C(pF) 

600 

~ 
Yos=O 

f=1MHz 
r---

~ '-... 
clss 

""" 
-400 

\ ............. r- coss r-- -200 

" crss -
0 10 20 30 v0.j..v) 

Source-drain Diode Forward Characteristics 

GC201BO 

I so (A) 
!= L= 25°C 

, 150 °C 

I 

10 I 
/~25°C 

TJ=150°C 
,_. 

10 0 

0 2 4 V50 (V) 

5/6 
--------------------------- L~1 ~~~©~&~:~~ ---------------------------

629 

I 



MTP3055E/FI 

Unclamped Inductive Load Test Circuit Unclamped Inductive Waveforms 

Yo 
2200 3.3 
f.'F 1-' F 

Yoo 

Switching Time Test Circuit Gate Charge Test Circuit 

SC05990 
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FEATURES 

• PEAK PULSE POWER= 600 W @ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 440 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 
• UL RECOGNIZED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current 
For Unidirectional types. 

Tstg Storage and junction temperature range 
Tj 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

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

TRANSIL 

CB417 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb=25°C 600 w 

Tlead = 75°C 5 w 

Tamb=25°C 100 A 
t=10 ms 

-65 to+ 175 oc 
175 oc 
230 oc 

1/7 
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P6KExx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 20 oc!W 

Rth 0-a) Junction to ambient. on printed circuit. Llead = 10 mm 85 oc!W 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VsR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 50 A. 

------------------ I pp 

TYPES IRM @VRM VBR @ IR VeL@ lpp VeL@ lpp o.T c 
max min nom max max max max typ 

note2 10/1000us 8/20us note3 note4 

Unidirectional Bidirectional I!A v v v v rnA v A v A 10-4/oe (pF) 

P6KE6V8P P P6KE6V8CP 1000 5.8 6.45 6.8 7.48 10 10.5 57 13.4 298 5.7 4000 
P P6KE6V8A P P6KE6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 57 13.4 298 5.7 4000 

P6KE7V5P P6KE7V5CP 500 6.4 7.13 7.5 8.25 10 11.3 53 14.5 276 6.1 3700 
P6KE7V5A P P6KE7V5CA 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 276 6.1 3700 
P6KE8V2P P P6KE8V2CP 200 7.02 7.79 8.2 9.02 10 12.1 50 15.5 258 6.5 3400 

P P6KE8V2A P6KE8V2CA 200 7.02 7.79 8.2 8.61 10 12.1 50 15.5 258 6.5 3400 
P6KE9V1P P6KE9V1CP 50 7.78 8.65 9.1 10 1 13.4 45 17.1 234 6.8 3100 
P6KE9V1A P6KE9V1CA 50 7.78 8.65 9.1 9.55 1 13.4 45 17.1 234 6.8 3100 

P P6KE10P P6KE10CP 10 8.55 9.5 10 11 1 14.5 41 18.6 215 7.3 2800 
P6KE10A P6KE10CA 10 8.55 9.5 10 10.5 1 14.5 41 18.6 215 7.3 2800 
P6KE11P P6KE11CP 5 9.4 10.5 11 12.1 1 15.6 38 20.3 197 7.5 2500 
P6KE11A P6KE11CA 5 9.4 10.5 11 11.6 1 15.6 38 20.3 197 7.5 2500 

P P6KE12P P P6KE12CP 5 10.2 11.4 12 13.2 1 16.7 36 21.7 184 7.8 2300 
P6KE12A P6KE12CA 5 10.2 11.4 12 12.6 1 16.7 36 21.7 184 7.8 2300 
P6KE13P P6KE13CP 5 11.1 12.4 13 14.3 1 18.2 33 23.6 169 8.1 2150 

P P6KE13A P P6KE13CA 5 11.1 12.4 13 13.7 1 18.2 33 23.6 169 8.1 2150 
P P6KE15P P P6KE15CP 5 12.8 14.3 15 16.5 1 21.2 28 27.2 147 8.4 1900 

P6KE15A P6KE15CA 5 12.8 14.3 15 15.8 1 21.2 28 27.2 147 8.4 1900 
P6KE16P P6KE16CP 5 13.6 15.2 16 17.6 1 22.5 27 28.9 138 8.6 1800 
P6KE16A P6KE16CA 5 13.6 15.2 16 16.8 1 22.5 27 28.9 138 8.6 1800 

P P6KE18P P P6KE18CP 5 15.3 17.1 18 19.8 1 25.2 24 32.5 123 8.8 1600 
P P6KE18A P P6KE18CA 5 15.3 17.1 18 18.9 1 25.2 24 32.5 123 8.8 1600 

P6KE20P P P6KE20CP 5 17.1 19 20 22 1 27.7 22 36.1 111 9.0 1500 
P P6KE20A P P6KE20CA 5 17.1 19 20 21 1 27.7 22 36.1 111 9.0 1500 

P6KE22P P P6KE22CP 5 18.8 20.9 22 24.2 1 30.6 20 39.3 102 9.2 1350 

P = Prefered device 

=21~7--~------------------~~l ~ii©~2~~~~©~------------------------
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P6KExx 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 

max min nom max max max max typ 

note2 10/1000!15 8/2011S note3 note4 

Unidirectional Bidirectional 11A v v v v mA v A v A 10-4Joe (pF) 

P6KE22A P6KE22CA 5 18.8 20.9 22 23.1 1 30.6 20 39.3 102 9.2 1350 
P6KE24P P6KE24CP 5 20.5 22.8 24 26.4 1 33.2 18 42.8 93 9.4 1250 

P P6KE24A P6KE24CA 5 20.5 22.8 24 25.2 1 33.2 18 42.8 93 9.4 1250 
P P6KE27P P P6KE27CP 5 23.1 25.7 27 29.7 1 37.5 16 48.3 83 9.6 1150 

P6KE27A P6KE27CA 5 23.1 25.7 27 28.4 1 37.5 16 48.3 83 9.6 1150 
P P6KE30P P P6KE30CP 5 25.6 28.5 30 33 1 41.5 14.5 53.5 75 9.7 1075 
P P6KE30A P P6KE30CA 5 25.6 28.5 30 31.5 1 41.5 14.5 53.5 75 9.7 1075 

P6KE33P P6KE33CP 5 28.2 31.4 33 36.3 1 45.7 13.1 59.0 68 9.8 1000 
P P6KE33A P P6KE33CA 5 28.2 31.4 33 34.7 1 45.7 13.1 59.0 68 9.8 1000 
P P6KE36P P P6KE36CP 5 30.8 34.2 36 39.6 1 49.9 12 64.3 62 9.9 950 
P P6KE36A P6KE36CA 5 30.8 34.2 36 37.8 1 49.9 12 64.3 62 9.9 950 
P P6KE39P P P6KE39CP 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 57 10.0 900 
P P6KE39A P P6KE39CA 5 33.3 37.1 39 41.0 1 53.9 11.1 69.7 57 10.0 900 

P6KE43P P6KE43CP 5 36.8 40.9 43 47.3 1 59.3 10.1 76.8 52 10.1 850 
P6KE43A P6KE43CA 5 36.8 40.9 43 45.2 1 59.3 10.1 76.8 52 10.1 850 
P6KE47P P P6KE47CP 5 40.2 44.7 47 51.7 1 64.8 9.3 84 48 10.1 800 
P6KE47A P P6KE47CA 5 40.2 44.7 47 49.4 1 64.8 9.3 84 48 10.1 BOO 
P6KE51P P P6KE51CP 5 43.6 48.5 51 56.1 1 70.1 8.6 91 44 10.2 750 
P6KE51A P P6KE51CA 5 43.6 48.5 51 53.6 1 70.1 8.6 91 44 10.2 750 
P6KE56P P P6KE56CP 5 47.8 53.2 56 61.6 1 77 7.8 100 40 10.3 700 
P6KE56A P6KE56CA 5 47.8 53.2 56 58.8 1 77 7.8 100 40 10.3 700 
P6KE62P P6KE62CP 5 53.0 58.9 62 68.2 1 85 7.1 111 36 10.4 650 
P6KE62A P6KE62CA 5 53.0 58.9 62 65.1 1 85 7.1 111 36 10.4 650 
P6KE68P P P6KE68CP 5 58.1 64.6 68 74.8 1 92 6.5 121 33 10.4 625 
P6KE68A P6KE68CA 5 58.1 64.6 68 71.4 1 92 6.5 121 33 10.4 625 
P6KE75P P6KE75CP 5 64.1 71.3 75 82.5 1 103 5.8 134 30 10.5 575 
P6KE75A P6KE75CA 5 64.1 71.3 75 78.8 1 103 5.8 134 30 10.5 575 
P6KE82P P P6KE82CP 5 70.1 77.9 82 90.2 1 113 5.3 146 27 10.5 550 
P6KE82A P6KE82CA 5 70.1 77.9 82 86.1 1 113 5.3 146 27 10.5 550 
P6KE91P P6KE91CP 5 77.8 86.5 91 100 1 125 4.8 162 25 10.6 525 
P6KE91A P6KE91CA 5 77.8 86.5 91 95.5 1 125 4.8 162 25 10.6 525 
P6KE100P P6KE100CP 5 85.5 95.0 100 110 1 137 4.4 178 22.5 10.6 500 
P6KE100A P6KE100CA 5 85.5 95.0 100 105 1 137 4.4 178 22.5 10.6 500 
P6KE110P P6KE110CP 5 94.0 105 110 121 1 152 3.9 195 20.5 10.7 470 
P6KE110A P6KE110CA 5 94.0 105 110 116 1 152 3.9 195 20.5 10.7 470 
P6KE120P P6KE120CP 5 102 114 120 132 1 165 3.6 212 19 10.7 450 
P6KE120A P6KE120CA 5 102 114 120 126 1 165 3.6 212 19 10.7 450 
P6KE130P P P6KE130CP 5 111 124 130 143 1 179 3.4 230 17.5 10.7 420 
P6KE130A P6KE130CA 5 111 124 130 137 1 179 3.4 230 17.5 10.7 420 
P6KE150P P P6KE150CP 5 128 143 150 165 1 207 2.9 265 15 10.8 400 

P P6KE150A P P6KE150CA 5 128 143 150 158 1 207 2.9 265 15 10.8 400 
I 

P6KE160P P P6KE160CP 5 136 152 160 176 1 219 2.7 282 14 10.8 380 
P6KE160A P6KE160CA 5 136 152 160 168 1 219 2.7 282 14 10.8 380 
P6KE170P P6KE170CP 5 145 161 170 187 1 234 2.6 301 13 10.8 370 
P6KE170A P6KE170CA 5 145 161 170 179 1 234 2.6 301 13 10.8 370 
P6KE180P P P6KE180CP 5 154 171 180 198 1 246 2.4 317 12.6 10.8 360 
P6KE180A P6KE180CA 5 154 171 180 189 1 246 2.4 317 12.6 10.8 360 
P6KE200P P P6KE200CP 5 171 190 200 220 1 274 2.2 353 11.3 10.8 350 

P P6KE200A P P6KE200CA 5 171 190 200 210 1 274 2.2 353 11.3 10.8 350 
P6KE220P P6KE220CP 5 188 209 220 242 1 328 2 388 10.3 10.8 330 
P6KE220A P6KE220CA 5 188 209 220 231 1 328 2 388 10.3 10.8 330 
P6KE250P P P6KE250CP 5 213 237 250 275 1 344 2 442 9 11 310 
P6KE250A P6KE250CA 5 213 237 250 263 1 344 2 442 9 11 310 
P6KE280P P6KE280CP 5 239 266 280 308 1 384 2 494 8 11 300 
P6KE280A P6KE280CA 5 239 266 280 294 1 384 2 494 8 11 300 

P = Prefered device 

------------"'-.,1 ~~~~m~~l~~[;~------------3_17 
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TYPES IRM@VRM VBR @ IR VCL@Ipp VcL@Ipp aT c 

max min 

Unidirectional Bidirectional !lA v v 
P6KE300P P6KE300CP 5 256 285 
P6KE300A P6KE300CA 5 256 285 
P6KE320P P6KE320CP 5 273 304 
P6KE320A P6KE320CA 5 273 304 
P6KE350P P6KE350CP 5 299 332 

P P6KE350A P6KE350CA 5 299 332 
P P6KE400P P P6KE400CP 5 342 380 

P6KE400A P6KE400CA 5 342 380 
P P6KE440P P P6KE440CP 5 376 418 

P6KE440A P6KE440CA 5 376 418 

All parameters tested at 25 "C, except where indicated. 

P = Prefered device 

%lpp 

PULSE WAVEFORM 10/10001's 

50 

0 

1000 JtS 

Note 1 : For surges greater than the maximum values, 

Note 2: 

Note 3: 

Note 4: 

the d1ode will present a short-circuit Anode -Cathode 

Pulse test: T P < 50 ms. 

flYeR= rtT · (Ta- 25) • VeR(25'CI· 

VR = 0 V, F = 1 MHz. For bidirectional types, 
capacitance value is divided by 2. 

nom max max max max typ 

note2 10/1000!J.S 8/20!J.S note3 note4 

v v mA v A v A 1Q-4JCC (pF) 

300 330 1 414 1.6 529 7.6 11 290 
300 315 1 414 1.6 529 7.6 11 290 
320 352 1 438 1.6 564 7.1 11 280 
320 336 1 438 1.6 564 7.1 11 280 
350 385 1 482 1.6 618 6.5 11 270 
350 368 1 482 1.6 618 6.5 11 270 
400 440 1 548 1.3 706 5.7 11 360 
400 420 1 548 1.3 706 5.7 11 360 
440 484 1 603 1.3 776 5.2 11 350 
440 462 1 603 1.3 776 5.2 11 350 

....... 
r--....... I I I 

............ \. Peak Power 

100% 

...... 
~ 

(on printed circuit) . 80% 

60% ............ 

~ 
........ ,........ 

Average Power 
(on Infinite heatsink). 

20% I I 1\ 
Tamb ('c) \ 0°/o 

0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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P6KExx 

Figure 2 .: Peak pulse power versus exponential pulse duration. 

Pp (W) 

100000 

10000 

1000 

100 

10 
0.001 0.01 0.1 

Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 J.LS 

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

VeL (V) 

Tj Initial = 25"C 

""' 
1111 (mS I) Etll 

10 100 

1000~~~~~~~~~~~~f!~~~~~![~r;.~~~~~~~ ~"" ~' -~·~ 100 
I 

~<6~E .2~0f:-t. -H-++1---::c::--f-_-l::::=l--+9''1-tt-J---J--+-+ 50 -:-- 1 

I I 

---- 01 t P6KE 100P ..-- tr t tr < 10 l's 
100 .l .. 1 .. 1· -= P6KE 68P - .. 

- P6KE 39P 

- P6~E 2~P 1 ·-H-l+l+---l--+-+t+++++--:--+-lcd--+=f'l-H-l--+--l-+-+-l+t-H 

P6KE 12P 

10 F P6KE 6V8 

0.1 10 100 

lpp (A) 
I I II 

1000 

Note : The cuNes of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
!N (BR) =aT (V(BR)) • [T a -25]• V (BR). 
For intermediate voltages, extrapolate the given results. 

------------------------~~~ ~~~@~~~~~~~~-----------------------5_17 
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PGKExx 

Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 

C (pF) 
10000 

~Esvap 
1000 

~KE1/;~I 

~8P 
~6KE2oop 

100 

10 
1 

Tj = 25"C 
f- 1 MHz 

-,.... 

VR(V) 

10 100 

Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For un1ts with VsR > 200 V 
VF is twice than shown. 

IFM (A) 
100 

Tj Initial 
2s•c 
1so•c-- -· 

" 10 

I 

1 

.. 
I 

-

V FM (V) 
I I 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 

C (pF) 
10000 

P6KE6V8CP 

1000 P6K1E~"6f 

~KE68CP 

100 

10 
1 

P6KE200CP 

Tj- 25"C 
f = 1 MHz 

VR(V) 

10 100 

Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead= 1 Omm. 
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P6KExx 

ORDER CODE 

P6 KE 100 c A RL 

600W~ dJ 
BREAKDOWN VOLTAGE 

BIDIRECTIONAL 

LL PACKAGING: 
= Ammopack 

RL = Tape and reel. 

TOLERANCE: 
A = +1- 5o/o 
P = -5%, + 1 Oo/o. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
CB417 (Plastic). 

Ref Millimeters Inches 

min max min max 

0b2 1.092 - 0.043 

0D 3.683 - 0.145 

G - 8.89 - 0.350 

L 25.4 - 1.000 -
L1 - 1.25 - 0.049 

note1 :The diameter 0 b2 is not controlled over zone L, 

Weight = 0.65 g. 

Packaging : standard packagmg IS in tape and reel. 

------------------------~~~ ~i~©~~~~~~©~-----------------------7_17 
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FEATURES 

• PEAK PULSE POWER= 300 W@ 1 ms. 
• BREAKDOWN VOLTAGE = 330 V min. 
• UNIDIRECTIONAL TRANSIL. 
• LOW CLAMPING FACTOR. 
'" FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. 
The PL360D has been especially designed for 

transistor protection in electronic ignition circuits. 
Connected across collector and base, it avoids 
any transistor damage when a spark plug is 
fouled or disconnected. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve F1g 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

lzM Continuous reverse current. 

Toper Operation temperature. 

Tstg Storage and JUnction temperature range. 
T' J 

TL Maximum lead temperature for soldering 
during 3 sec at 5 mm from case. 

November 1992 

Pl360D 

TRANSIL 

F126 
(Plastic) 

MECHANICAL CHARACTERISTICS 

" Body marked with :Logo, Date Code, Type 
Code and Cathode Band . 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb = 25°C 300 w 

Tlead = 75°C 1.7 w 

Tamb=50°C 3.5 mA 

-55to150 oc 

-55 to+ 150 oc 
150 oc 
300 oc 

1/5 
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PL360D 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinite heatsink 60 °Cf\N 

Rth U-a) Junction to ambient on printed circuit. Liead = 10 mm 100 °Cf\N 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

en Voltage temperature coefficient. ···------ lpp 

ELECTRICAL CHARACTERISTICS 

Type IRM@VRM VBR VBR IR lzM aT 
@ Tj= 25"C @ Tj = 120 ·c 

max min 

llA I v v 
PL360D 0.35 I 270 330 I 

All parameters tested at 25 ac, except where indicated. 

%lpp 

1 oo -+---1'"'0'-'p."-'s=--

PULSE WAVEFORM 1011000p.s 

50 

0 

1000 f'S 

Note 1 : For surges greater than the maximum values, 
the diode Will present a short-CirCUit Anode- Cathode. 

max min max max 

v rnA rnA 1Q·4tac 

370 358 I 416 2 3.5 11 

100% I 
..................... 

1'---.. ~ 
I I I 
Peak Power 

~ 

~ 
(on printed circuit). 

:---....... 
......... r--. 

Average Power ~ 
(on Infinite heatsink). 

I I 1\ 

80% 

60% 

40% 

20% 
Tamb ("c) \ I I 0% 

0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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PL360D 

Figure 2 : Peak pulse power versus exponential pulse duration. 

Pp (W) 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 l.lS 

TJinltlal - 25"C 

lp (mS ) EXPO. 

10 

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

10000 

1000 

100 
0.01 

----

0.1 

··~ . 50 ~--I 
' ' 0 I I 

t, ' 
lr< 10 ps 

/ 
,../ 

lpp(A) 

I I I I 

100 

10 

Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
t.V (BR) =aT (V(BR)) • [Ta -25]· V (BR). 
For intermediate voltages, extrapolate the giyen results. 
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PL360D 

Figure 4 : Capacitance versus reverse applied 
voltage. 

C {pF) 
100 

10 
1 

....... 
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f= MHz:: 

........ 
I' 
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100 500 

Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration (device 
mounted on PC Board with L lead = 1 Omm). 

ZTH j-a ( ·crw ) 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Note : For units with Vee> 200 V 
VF IS twice than shown. 
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PL360D 

PACKAGE MECHANICAL DATA 
ORDER CODE F 126 (Plastic). 

PL360D RL 

PACKAGING: 
= Ammopack 

RL =Tape and reel. 

MARKING : Logo, Date Code, Type Code, 
Cathode Band. 

Packaging : standard packaging is in tape and reel. 

~-=L--~.~---=G----+---~L~~~ 
L1 note 1 note 1 l1 

.·.·1 1 ... 1;-t-\ 
. ·r"··- .. - -- ·---···--------- ....... ,.o., -·-<;)--· 

.. · lob2 !'lb2~ .. · l 

Ref Millimeters Inches 

min max min max 

0b2 0.76 0.86 0.029 0.034 

00 2.95 3.05 0.116 0.120 

G 6.05 6.35 0.238 0.250 

L 26 - 1.024 -

L1 - 1.27 0.050 

Note1 :The diameter 0 bz is not controlled over zone L, 

Weight = 0.4 g. 

------------------------~~~ ~i~~~g~~~~©~-----------------------5_/5 
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RBOOS-40 
REVERSED BATTERY AND 

OVERVOL TAGE PROTECTION CIRCUIT (RBO) 
PRELIMINARY DATA 

FEATURES 

• DISSIPATION THROUGH PIN 2: 
TAB CONNECTED TO GROUND 

• MONOLITHIC SILICON CHIP 

• NEGATIVE OVERVOL TAGE PROTECTION 
BY CLAMPING (COMPONENT T1) 

• BREAKDOWN VOLTAGE: 24 V min 

• CLAMPING VOLTAGE:± 40 V max 
• AVERAGE FORWARD CURRENT 

(COMPONENT D1) : 8 A 

DESCRIPTION 

TO 220 AB 
(Plastic) 

FUNCTIONAL DIAGRAM 

D1 

2 

Developed especially for automotive reversed 
battery operation and overvoltage protection, this 
monolithic component chip offers multiple func
tions in the same package (see page 3) : 

G)e---,;---i->f-------® 
D1 : reversed battery protection 
T1 : clamping function to negative overvoltage 

effect 
T2 : Transil function to positive overvoltage 

effect 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IFSM Non repetitive surge peak forward current between 
Pins 1 and 3 @ T = 1 0 J.!S 

IF(AV) Average forward current between Pins 1 and 3 

Pp Peak pulse between Pins 1 and 3 @ T = 1 ms 
(see note 1) 

Ppp Peak pulse power between Pins 2 and 3 @ T = 1 ms 

p Total power dissipation 

Tstg Storage and junction temperature range 
Tj 

TL Maximum lead temperature for soldering during 10 s at 
case 

T2 

T1 l 
® 

Value 

Tj = 25°C 80 

Tc = 85°C 8 

Tc = 85°C 600 

Tc = 85°C 1500 

Tc = 85°C 25 

- 40 to+ 150 

4.5 mm from 230 

Note 1 : for a surge greater than the max1mum value, the source will present a short c1rcu1t. 

November 1992 

Unit 

A 

A 

w 

w 
w 
oc 

oc 

1/4 
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RBOOB-40 

THERMAL RESISTANCE 

Parameter 

Junction to case 

113 

VCL13 VRB13 
V13 

lpp13 

ELECTRICAL CHARACTERISTICS 

Symbol Test Conditions 

VF13 Maximum forward voltage @ IF = 8 A 

VF13 Maximum forward voltage @ IF = 4 A 

VF13 Maximum forward voltage @ IF = 1 A 

VBR 31 Breakdown voltage @ IR = 1 mA 

IRM 31 Leakage current @ VRM = 20 V 

VeL 31 Clamping voltage @ lpp = 15 A@ T = 1 ms 

VBR 32 Breakdown voltage @ IR = 1 mA 

IRM 32 Leakage current @ VRM = 20 V 

VCL32 Clamping voltage @ IPP = 37.5 A @T= 1 ms 

at Temperature coefficient 

c 13 Capacitance at 0 V 

c 32 Capacitance at 0 V 

Note . 13 and 32 
Ex : VF 13 . between Pin 1 and Pin 3 

VBR 32 . between Pin 3 and Pin 2 

Value 

2.4 

132 

lpp32 

VRM32 VRB32 VCL32 

L 1 -{)1- --, _:[3 
I I 

L N<l _j 

2 

Value Unit 

Tj=25°C MAX 1.7 v 
Tj=85°C 

Tj=25°C MAX 1.35 v 
Tj=85°C 

Tj=85°C MAX 0.9 v 
Tj=25°C MIN 24 v 

MAX 32 

Tc=25°C MAX 10 f.! A 

Tc=85°C 100 

Tc=25°C MAX 40 v 
Tj=25°C MIN 24 v 

MAX 32 

Tc=25°C MAX 10 f.IA 

Tc=85°C 50 

Tc=25°C MAX 40 v 
Tc=25°C MAX 10-4 toe 

Tc=25°C TYP 1000 pF 

Tc=25°C TYP 2000 pF 

2/4 
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RBOOB-40 

PRODUCT DESCRIPTION 

01 

(1) .... --1 .. +-----.----------e ® 

T1 

® 

BASIC APPLICATION 

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

- + t ______________ _ 

MOTOR DRIVER APPLICATION 

BATTERY :,,., ± . 
RBO 

DEVICE 

The RBO has 3 functions integrated on the 
same chip. 

01 : "Rectifier function" in order to protect 
against reversed battery operation. 

T2 : ''Transil function" in order to protect 
against positive surge generated by electric 
systems (ignition, relay .... ). 

T1 : Protection for motor drive application (See 
below). 

*The monolithic multi function protection (RBO) 
has been developed to protect sensitive semi
conductors in the car electronic module against 
both overvoltage and battery reverse. 

*In addition, the RBO circuit prevents overvolt
ages generated by the module affecting the car 
supply network. 

MOTOR CONTROL 

In this application, one half of the motor drive circuit is supplied through the "RBO" and is thus 
protected as per its basic function application. 
The second part is connected directly to the "car supply network" and is protected as follows : 
- For positive surges : T2 (clamping phase) and 01 in forward-biased. 
- For negative surges : T1 (clamping phase) and T2 in forward-biased. 

3/4 
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RBOOS-40 

ORDERING INFORMATION 

ABO 

T 
Reversed Battery & 
Overvolage protection 

08 
-~ 

IF(AV) = 8 A 

PACKAGE MECHANICAL DATA (in millimeters) 
TO 220 AB Plastic 

Cooling method : C 
Marking : type number 
Weight: 2 g 
Polarity : N A 
Stud torque : N A 

o= ~~ 
10.3 ± 0 1 "'"' ~: .. .. 

+ 0 .40 I "' ~ 3.6-005 
"' "' 

1-$--f--

I 
' 
I 

0.80 
1.20 

.rJ .iJ 
145 

rr 1. 75 

X 

i i i m 
E 

' ' "' 0.8! 0 16 

I I "' 

I I t 0 3 
0.4- 0.16 

' 
254!025 I 1 2.54 r o.2s 

40 T 
-~ T 

Packages: 
T =TO 220 AB 

VeL = 40V 

4 65 ± 0 17 
+ 0.1 

1.25- 0.10 

- -I-
~S; 
00 L_ ., 
"' 
!.'l 

0 5 ± 0.15 

2.4.:!: 0 3 

_:;,4,...:...4 __________ ~.,1 ~~~m~~~~-----------
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RB040-40 
REVERSED BATTERY AND 

OVERVOL TAGE PROTECTION CIRCUIT (RBO) 
PRELIMINARY DATA 

FEATURES 

• DISSIPATION THROUGH PIN 2: 
TAB CONNECTED TO GROUND 

• MONOLITHIC SILICON CHIP 

• NEGATIVE OVERVOL TAGE PROTECTION 
BY CLAMPING (COMPONENT T1) 

• BREAKDOWN VOLTAGE: 24 V min 

• CLAMPING VOLTAGE : ± 40 V max 

• AVERAGE FORWARD CURRENT 
(COMPONENT D1): 40 A 

DESCRIPTION 

T0220AB 
(Plastic) 

FUNCTIONAL DIAGRAM 

D1 

2 

Developed especially for automotive reversed 
battery operation and overvoltage (load dump) 
protection, this monolithic component chip offers 
multiple functions in the same package (see 
page 4): 

G)e---,--1~1---------------- ® 

D1 : reversed battery protection 
T1 : clamping function to negative overvoltage 

effect 
T2 : Transil function to Load Dump effect 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

IFSM Non repetitive surge peak forward current between 
Pins 1 and 3@ T= 10 (.IS 

lfiAVl Average forward current between Pins 1 and 3 

Vpp Peak load dump voltage (see note 1 and 2) 

Ppp Peak pulse power between Pins 1 and 3 @ T = 1 ms 

p Total power dissipation 

T2 

T1 

® 

Value 

Tj = 25°C 400 

Tc= 80°C 40 

Tc = 85°C 80 

Tc = 85°C 1500 

Tc = sooc 70 

Tstg Storage and junction temperature range - 40 to+ 150 
Tj 

TL Maximum lead temperature for soldering during 1 0 s at 4.5 mm from 
case 

Notes 1 : for a surge greater than the max1mum value, the source Will present a short CirCUli. 
Notes 2 : see schaffner circuit page 3 

November 1992 

230 

Unit 

A 

A 

v 
w 
w 
oc 

oc 
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RB040-40 

THERMAL RESISTANCE 

Parameter 

Junction to case 

113 

VCL13 VRB13 
V13 

lpp13 

ELECTRICAL CHARACTERISTICS 

Symbol Test Conditions 

VF13 Maximum forward voltage @ IF = 40 A 

VF13 Maximum forward voltage @ IF = 20 A 

VF13 Maximum forward voltage @IF= 1A 

VBR 31 Breakdown voltage @ IR = 1 mA 

IRM 31 Leakage current @ VRM = 20 V 

VCL 31 Clamping voltage @ lpp = 37.5 A @ T= 1 ms 

VBR 32 Breakdown voltage @ IR = 1 rnA 

IRM 32 Leakage current @ VRM = 20 V 

VCL32 Clamping voltage @ IPP = 20 A 

at Temperature coefficient 

c 13 Capacitance at 0 V 

c 32 Capacitance at 0 V 

Note . 13 and 32 
Ex : VF 13 . between Pin 1 and Pin 3 

VBR 32 . between Pin 3 and Pin 2 

Value 

132 

lpp32 

IR32 

IRM32 

VRM32 VRB32 VCL32 

l- r --j)j- 1 -r3 
I I 

L C>kl ...J 

2 

Value Unit 

Tj=25°C MAX 1.7 v 
Tj=85°C 

Tj=25°C MAX 1.35 v 
Tj=85°C 

Tj=85°C MAX 0.9 v 
Tj=25°C MIN 24 v 

MAX 32 

Tc=25°C MAX 50 J.IA 

Tc=85°C 300 

Tc=25°C MAX 40 v 
Tj=25°C MIN 24 v 

MAX 32 

Tc=25°C MAX 10 J.IA 

Tc=85°C 100 

Tc=25°C MAX 40 v 
Tc=25°C MAX 10-4 /°C 

Tc=25°C TYP 3000 pF 

Tc=25°C TYP 7000 pF 

2/5 
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RB040-40 

SCHAFFNER CIRCUIT 

Vpp• BOVr 

47mF 

1.5ohms 0.5ohms 

V Load dump waveform 

Vpp Jpp 

lpp/2 -, 

QL_ ______________________ __. 

QL--------------------------. tp • 40ms 

OUTPUT VOLTAGE WITHOUT D.U.T CURRENT THROUGH D U T 

I 

3/5 
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RB040-40 

PRODUCT DESCRIPTION 

D1 

CD 

T1 

® 

BASIC APPLICATION 

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

I 

1 CAR ELECTRONIC MODULE 
- + l _______________ _j 

MOTOR D'RIVER APPLICATION 

BATTERY ,:.,, ± . -------, 

01 

I T1 

L-----
RBO 

DEVICE 

The RBO has 3 integrated functions on the 
same chip. 

01 : "Rectifier function" in order to protect 
against reversed battery operation. 

T2 : 'Transil function" in order to protect 
against Load dump generated by the alterna
tor. 

T1 : Protection for motor driver application 
(See below). 

*The monolithic multi function protection (RBO) 
has been developed to protect sensitive semi
conductors in the car electronic module against 
both overvoltage and battery reverse. 

*In addition, this RBO circuit prevents overvolt
ages generated by the module affecting the car 
supply network. 

MOTOR CONTROL 

In this application, one half of the motor drive circuit is supplied through the "RBO" and is thus 
protected as per its basic function application. 
The second part is connected directly to the "car supply network" and is protected as follows : 
- For positive surges : T2 (clamping phase) and 01 forward-biased. 
- For negative surges : T1 (clamping phase) and T2 forward-biased. 

4/5 
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ORDERING INFORMATION 

RBO 

T 
Reversed Battery & 
Overvolage protection 

* To be announced later on 

40 

IF(AV) = 40 A 

PACKAGE MECHANICAL DATA (in millimeters) 
TO 220 AB Plastic 

Cooling method : C 
Marking :type number 
Weight: 2 g 
Polarity : N A 
Stud torque : N A 

' ' 
254!0.251 1 !,254!025 

A, A2 G 

40 

VeL = 40V 

0.5:!: 0.15 

2 4 ± 0.3 

RB040-40 

T 

T 
Packages: 
T =TO 220 AB 
M = SOP 1 0 (Power SO) * 

5/5 
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FEATURES 

• PEAK PULSE POWER= 400 W @ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping: 1 ps (0 V to VBR). 
• JEDEC REGISTRED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
praticularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current. 
For unidirectional types. 

Tstg Storage and JUnction temperature range 
Tj 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

SM4T6V8,A/220,A 
SM4T6V8C,CA/220C,CA 

TRANSIL 

SOD 6 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Full compatibility with both gluing and paste 
soldering technologies. 

• Excellent on board stability. 
• Tinned copper leads. 
• High temperature resistant resin. 

Value Unit 

Tamb =25°C 400 w 

Tlead = 50°C 5 w 

Tamb=25°C 50 A 
I =10 ms 

-65 to+ 175 oc 
150 oc 

260 oc 

1/6 
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SM4Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 20 ocrw 

Rth 0-a) Junction to ambiant. on printed circuit. 100 ocrw 
With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 25 A. 

------------------ I pp 

IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 
TYPES 

max min nom max max max max typ 

note2 10/1000J1S 8/20JlS note3 note4 

Uni Bi JlA v v v v rnA v A v A 1Q-4toe (pF) 
directional * directional * 

SM4T6V8 aD SM4T6V8C VD 1000 5.8 6.45 6.8 7.48 10 10.5 38 13.4 174 5.7 3500 
SM4T6V8A aE SM4T6V8CA VE 1000 5.8 6.45 6.8 7.14 10 10.5 38 13.4 174 5.7 3500 
SM4T7V5 aF SM4T7V5C VF 500 6.4 7.13 7.5 8.25 10 11.3 35.4 14.5 160 6.1 3100 
SM4T7V5A aG SM4T7V5CA VG 500 6.4 7.13 7.5 7.88 10 11.3 35.4 14.5 160 6.1 3100 
SM4T10 aN SM4T10C VN 10 8.55 9.5 10 11 1 14.5 27.6 18.6 124 7.3 2000 
SM4T10A aP SM4T10CA VP 10 8.55 9.5 10 10.5 1 14.5 27.6 18.6 124 7.3 2000 
SM4T12 as SM4T12C vs 5 10.2 11.4 12 13.2 1 16.7 24 21.7 106 7.8 1550 
SM4T12A aT SM4T12CA VT 5 10.2 11.4 12 12.6 1 16.7 24 21.7 106 7.8 1550 
SM4T15 aw SM4T15C vw 5 12.8 14.3 15 16.5 1 21.2 19 27.2 85 8.4 1200 
SM4T15A ax SM4T15CA vx 5 12.8 14.3 15 15.8 1 21.2 19 27.2 85 8.4 1200 
SM4T18 RD SM4T18C UD 5 15.3 17.1 18 19.8 1 25.2 16 32.5 71 8.8 975 
SM4T18A RE SM4T18CA UE 5 15.3 17.1 18 18.9 1 25.2 16 32.5 71 8.8 975 
SM4T22 RH SM4T22C UH 5 18.8 20.9 22 24.2 1 30.6 13 39.3 59 9.2 800 
SM4T22A RK SM4T22CA UK 5 18.8 20.9 22 23.1 1 30.6 13 39.3 59 9.2 800 
SM4T24 RL SM4T24C UL 5 20.5 22.8 24 26.4 1 33.2 12 42.8 54 9.4 725 
SM4T24A RM SM4T24CA UM 5 20.5 22.8 24 25.2 1 33.2 12 42.8 54 9.4 725 
SM4T27 RN SM4T27C UN 5 23.1 25.7 27 29.7 1 37.5 10.7 48.3 48 9.6 625 
SM4T27A RP SM4T27CA UP 5 23.1 25.7 27 28.4 1 37.5 10.7 48.3 48 9.6 625 
SM4T30 Ra SM4T30C ua 5 25.6 28.5 30 33 1 41.5 9.6 53.5 43 9.7 575 
SM4T30A RR SM4T30C4 UR 5 25.6 28.5 30 31.5 1 41.5 9.6 53.5 43 9.7 575 
SM4T33 RS SM4T33C us 5 28.2 31.4 33 36.3 1 45.7 8.8 59.0 39 9.8 510 
SM4T33A RT SM4T33CA UT 5 28.2 31.4 33 34.7 1 45.7 8.8 59.0 39 9.8 510 
SM4T36 RU SM4T36C uu 5 30.8 34.2 36 39.6 1 49.9 8 64.3 36 9.9 480 
SM4T36A RV SM4T36CA uv 5 30.8 34.2 36 37.8 1 49.9 8 64.3 36 9.9 480 
SM4T39 RW SM4T39C uw 5 33.3 37.1 39 42.9 1 53.9 7.4 69.7 33 10.0 450 
SM4T39 RX SM4T39 ux 5 33.3 37.1 39 41.0 1 53.9 7.4 69.7 33 10.0 450 

=V=6----------------------~~~ ~~~@~~~~~©~------------------------
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SM4Txx 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 

rn'!X min 

Uni Bi 11A v v 
directional * directional * 
SM4T68 SN SM4T68C WN 5 58.1 64.6 
SM4T68A SP SM4T68CA WP 5 58.1 64.6 
SM4T100 SW SM4T100C ww 5 85.5 95.0 
SM4T100A SX SM4T100CA wx 5 85.5 95.0 
SM4T150 TH SM4T150C XH 5 128 143 
SM4T150A TK SM4T150CA XK 5 128 143 
SM4T200 TS SM4T200C xs 5 171 190 
SM4T200A TT SM4T200CA XT 5 171 190 
SM4T220 TU SM4T220C xu 5 188 209 
SM4T220A TV SM4T220CA XV 5 188 209 

All parameters tested at 25 oc, except where indicated. 

• = Marking 

o/olpp 

100 -+--rr-_10_,_p.s_ 

PULSE WAVEFORM 10/1000/LS 

50 

0 

Note 1 : For surges greater than the max1mum values, 
the diode Will present a short·mcuit Anode - Cathode. 

Note 2 : Pulse test. T P <50 ms. 

Note3: 8VaR=aT·(Ta-25)·VaR(2s-c) 

Note 4 : VR = 0 V, F = 1 MHz. For b1d1rect1onal types, 
capacitance value is d1v1ded by 2. 

nom max max max max typ 

note2 10/1000!15 8120!15 note3 note4 

v v mA v A v A 10-4/oC (pF) 

68 74.8 1 92 4.3 121 19 10.4 270 
68 71.4 1 92 4.3 121 19 10.4 270 
100 110 1 137 2.9 178 13 10.6 200 
100 105 1 137 2.9 178 13 10.6 200 
150 165 1 207 2.0 265 9 10.8 145 
150 158 1 207 2.0 265 9 10.8 145 
200 220 1 274 1.5 353 6.5 10.8 120 
200 210 1 274 1.5 353 6.5 10.8 120 
220 242 1 328 1.4 388 6 10.8 110 
220 231 1 328 1.4 388 6 10.8 110 

0 
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........ 
........... I I I 
~ L\_ Peak Power 

0 
~ (on printed circuit). 

0 
~ ~ 

1\ 
........ 

1'--
Average Power 

0 (on infinite heatsink). 

100'l'< 

20'l'< 0 
I I '\ 
Tamb ("c) f\ 0 I I I O'l'< 

0 20 40 60 80 100 120 140 160 180 200 

Figure 1: Power dissipation derating versus 
ambient temperature 
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SM4Txx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 JlS 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
11V (BR) = uT (V(BR)) • [Ta -25]• V (BR). 
For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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--------------------------------------- ----- ---------------------------------

SM4Txx 

ORDER CODE 

SM 4 T 100 C A 

SURFACE MOUNT~ J 
400WATT 

I ___ TOLERANCE : 
A= +1- 5% 

= +1- 10% 

'----- BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 

"' 
Ref Millimeters Inches 

I I 
_l_ 

8 l I I 
c 

T 

~ 
.£_ 

-AE~T-j-----1-----
I Ta1

o I 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 

a 

Packaging : standard packaging is in film. 

min max min max 

A 2.48 2.61 0.096 0.103 

a1 0.10 0.20 0.004 0.008 

B 1.96 2.11 0.077 0.083 

c 3.65 3.93 0.143 0.155 

D 5.39 5.59 0.212 0.220 

E 4.15 4.30 0.163 0.170 

F 1.00 1.27 0.039 0.050 

Weight= 0.12 g. 

Ref Millimeters 

a 2.75 

b 1.52 

c 2.30 

~6/~6----------------------~~~ ~i~©~~~~~~~------------------------
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FEATURES 

• PEAK PULSE POWER= 600 W@ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 
• JEDEC REGISTRED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current. 
For unidirectional types. 

Tstg 
Tj 

Storage and junction temperature range 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

SM6T6V8,A/220,A 
SM6T6V8C,CA/220C,CA 

TRANSIL 

SOD 6 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with: Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Full compatibility with both gluing and paste 
soldering technologies. 

• Excellent on board stability. 
• Tinned copper leads. 
• High temperature resistant resin. 

Value Unit 

Tamb=25°C 600 w 

Tlead = 5ooc 5 w 

Tamb=25°C 100 A 
t=10 ms 

- 65to + 175 oc 

150 oc 

260 oc 

1/6 
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SM6Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 20 oc/W 

Rth 0-a) Junction to ambient. on printed circuit. 100 oc/W 
With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 
I 

VRM Stand-off voltage. IF --/ 

VsR Breakdown voltage. 

VeL Clamping voltage. 
VeL VeR 

\/ VRM I): VF 
IRM Leakage current @ VRM. ./ :/ v c---- 1RM 

Jpp Surge current. 

a.r Voltage temperature coefficient. 

VF Forward Voltage drop ------ lpp 
VF < 3.5V @ IF = 50 A. 

IRM@VRM VBR @ IR VCL@ lpp VcL@Ipp o:T c 
TYPES 

max min nom max max max max typ 

note2 10/1000).lS B/20us note3 note4 

Unl Bi J.lA v v v v rnA v A v A 10-4FC (pF) 
directional . directional . 

SM6T6V8 DD SM6T6V8C LD 1000 5.8 6.45 6.8 7.48 10 10.5 57 13.4 298 5.7 4000 
SM6T6V8A DE SM6T6V8CA LE 1000 5.8 6.45 6.8 7.14 10 10.5 57 13.4 298 5.7 4000 
SM6T7V5 DF SM6T7V5C LF 500 6.4 7.13 7.5 8.25 10 11.3 53 14.5 276 6.1 3700 
SM6T7V5A DG SM6T7V5CA LG 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 276 6.1 3700 
SM6T10 DN SM6T10C LN 10 8.55 9.5 10 11 1 14.5 41 18.6 215 7.3 2800 
SM6T10A DP SM6T10CA LP 10 8.55 9.5 10 10.5 1 14.5 41 18.6 215 7.3 2800 
SM6T12 DS SM6T12C LS 5 10.2 11.4 12 13.2 1 16.7 36 21.7 184 7.8 2300 
SM6T12A DT SM6T12CA LT 5 10.2 11.4 12 12.6 1 16.7 36 21.7 184 7.8 2300 
SM6T15 DW SM6T15C LW 5 12.8 14.3 15 16.5 1 21.2 28 27.2 147 8.4 1900 
SM6T15A DX SM6T15CA LX 5 12.8 14.3 15 15.8 1 21.2 28 27.2 147 8.4 1900 
SM6T18 ED SM6T18C MD 5 15.3 17.1 18 19.8 1 25.2 24 32.5 123 8.8 1600 
SM6T18A EE SM6T18CA ME 5 15.3 17.1 18 18.9 1 25.2 24 32.5 123 8.8 1600 
SM6T22 EH SM6T22C MH 5 18.8 20.9 22 24.2 1 30.6 20 39.3 102 9.2 1350 
SM6T22A EK SM6T22CA MK 5 18.8 20.9 22 23.1 1 30.6 20 39.3 102 9.2 1350 
SM6T24 EL SM6T24C ML 5 20.5 22.8 24 26.4 1 33.2 18 42.8 93 9.4 1250 
SM6T24A EM SM6T24CA MM 5 20.5 22.8 24 25.2 1 33.2 18 42.8 93 9.4 1250 
SM6T27 EN SM6T27C MN 5 23.1 25.7 27 29.7 1 37.5 16 48.3 83 9.6 1150 
SM6T27A EP SM6T27CA MP 5 23.1 25.7 27 28.4 1 37.5 16 48.3 83 9.6 1150 
SM6T30 EO SM6T30C MQ 5 25.6 28.5 30 33 1 41.5 14.5 53.5 75 9.7 1075 
SM6T30A ER SM6T30CA MR 5 25.6 28.5 30 31.5 1 41.5 14.5 53.5 75 9.7 1075 
SM6T33 ES SM6T33C MS 5 28.2 31.4 33 36.3 1 45.7 13.1 59.0 68 9.8 1000 
SM6T33A ET SM6T33CA MT 5 28.2 31.4 33 34.7 1 45.7 13.1 59.0 68 9.8 1000 
SM6T36 EU SM6T36C MU 5 30.8 34.2 36 39.6 1 49.9 12 64.3 62 9.9 950 
SM6T36A EV SM6T36CA MY 5 30.8 34.2 36 37.8 1 49.9 12 64.3 62 9.9 950 
SM6T39 EW SM6T39C MW 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 57 10.0 900 
SM6T39 EX SM6T39 MX 5 33.3 37.1 39 41.0 1 53.9 11.1 69.7 57 10.0 900 
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SM6Txx 

TYPES IRM@VRM VBR @ IR VeL@ VeL@ aT e 

max min 

Uni Bi J.lA v v 
directional * directional * 
SM6T68 FP SM6T68e NP 5 58.1 64.6 

_ SM6T68A FQ SM6T68CA NQ 5 58.1 64.6 
SM6T100 FX SM6T100C NX 5 85.5 95.0 
SM6T100A FY SM6T100CA NY 5 85.5 95.0 
SM6T150 GK SM6T150C OK 5 128 143 
SM6T150A GL SM6T150CA OL 5 128 143 
SM6T200 GT SM6T200C OT 5 171 190 
SM6T200A GU SM6T200CA ou 5 171 190 
SM6T220 GV SM6T220C ov 5 188 209 
SM6T220A GW SM6T220CA ow 5 188 209 

All parameters tested at 25 "C, except where indicated. 

• = Marking 

o/olpp 

PULSE WAVEFORM 10/1000JLS 

50 

0 

1000 JLS 

Note 1 : For surges greater than the max1mum values, 
the d1ode Wlli present a short·CirCUit Anode- Cathode. 

Note 2 : Pulse test: T P < 50 ms. 

Note 3 : Ll.VsR =aT· (Ta- 25) • VsR(25'CJ· 

Note 4 : VR = 0 V, F = 1 MHz. For b1d~rect10nal types, 
capacitance value IS d1v1ded by 2. 

lpp lpp 

nom max max max max typ 

note2 10/1 000J.tS 8/20J.!S note3 note4 

v v mA v A v A 10-4Fe (pF) 

68 74.8 1 92 6.5 121 33 10.4 625 
68 71.4 1 92 6.5 121 33 10.4 625 
100 110 1 137 4.4 178 22.5 10.6 500 
100 105 1 137 4.4 178 22.5 10.6 500 
150 165 1 207 2.9 265 15 10.8 400 
150 158 1 207 2.9 265 15 10.8 400 
200 220 1 274 2.2 353 11.3 10.8 350 
200 210 1 274 2.2 353 11.3 10.8 350 
220 242 1 328 2 388 10.3 10.8 330 
220 231 1 328 2 388 10.3 10.8 330 
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Average Power 

(on Infinite heatslnk). 
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20% I I [\ 
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Figure 1: Power dissipation derating versus 
ambient temperature 
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SMGTxx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 J.lS 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
tN (BR) = aT (V(BR)) • [T a -25] • V (BR). 
For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM6Txx 

ORDER CODE 

SM 6 T 100 C A 

SURFACE MOUNT .J J 
600 WATT 

I __ TOLERANCE : 
A= +1- 5% 

= +1- 10% 

, __ _.. BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 

E 
Ref Millimeters Inches 

I I 
,L s! I I c 

IT 
- .£_ 

-AE~ r+---lr---------
I Ta1~ I 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 

a b 

min max min max 

A 2.48 2.61 0.096 0.103 

a1 0.10 0.20 0.004 0.008 

B 1.96 2.11 0.077 0.083 

c 3.65 3.93 0.143 0.155 

D 5.39 5.59 0.212 0.220 

E 4.15 4.30 0.163 0.170 

F 1.00 1.27 0.039 0.050 

Weight= 0.12 g. 

Ref Millimeters 

a 2.75 

b 1.52 

c 2.30 

Packaging : standard packaging is in film. 

_61_6----------------------~~l ~~i©~~~~~~©~------------------------
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FEATURES 

• PEAK PULSE POWER= 1500 W @ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1. 

IFSM Non repetitive surge peak forward current. 
For unidirectional types. 

Tstg 
Tj 

Storage and junction temperature range 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

SM15T6V8,A/220,A 
SM15T6V8C,CA/220C,CA 

TRANSIL 

SOD15 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

• Full compatibility with both gluing and paste 
soldering technologies. 

• Excellent on board stability. 
• Tinned copper leads. 
• High temperature resistant resin. 

Value Unit 

Tamb=25°C 1500 w 

Tlead = 50°C 10 w 

Tamb =25°C 250 A 
t =10 ms 

-65tO+ 175 oc 
150 oc 

260 oc 

116 
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SM15Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 10 °CNJ 

Rth Q-a) Junction to ambient. on printed circuit. 75 °CNJ 
With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

CXT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V@ IF= 100 A. 

------------------ I pp 

IRM@VRM VeR @ IR VcL@Ipp VeL@ lpp aT c 
TYPES max min nom max max max max typ 

note2 10/1000).LS 8/20f!S note3 note4 

Uni Bi ).LA v v v v rnA v A v A 10-4toc (pF} 
directional directional 

SM15T6V8 SM15T6V8C 1000 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 9500 
SM15T6V8A SM15T6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
SM15T7V5 SM15T7V5C 500 6.4 7.13 7.5 8.25 10 11.3 132 14.5 690 6.1 8500 
SM15T7V5A SM15T7V5CA 500 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 8500 
SM15T10 SM15T10C 10 8.55 9.5 10 11.0 1 14.5 103 18.6 538 7.3 7000 
SM15T10A SM15T10CA 10 8.55 9.5 10 10.5 1 14.5 103 18.6 538 7.3 7000 
SM15T12 SM15T12C 5 10.2 11.4 12 13.2 1 16.7 90 21.7 461 7.8 6000 
SM15T12A SM15T12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 461 7.8 6000 
SM15T15 SM15T15C 5 12.8 14.3 15 16.5 1 21.2 71 27.2 368 8.4 5000 
SM15T15A SM15T15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 368 8.4 5000 
SM15T18 SM15T18C 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 308 8.8 4300 
SM15T18A SM15T18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 308 8.8 4300 
SM15T22 SM15T22C 5 18.8 20.9 22 24.2 1 30.6 49 39.3 254 9.2 3700 
SM15T22A SM15T22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 254 9.2 3700 
SM15T24 SM15T24C 5 20.5 22.8 24 26.4 1 33.2 45 42.8 234 9.4 3500 
SM15T24A SM15T24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 234 9.4 3500 
SM15T27 SM15T27C 5 23.1 25.7 27 29.7 1 37.5 40 48.3 207 9.6 3200 
SM15T27A SM15T27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 207 9.6 3200 
SM15T30 SM15T30C 5 25.6 28.5 30 33.0 1 41.5 36 53.5 187 9.7 2900 
SM15T30A SM15T30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 187 9.7 2900 
SM15T33 SM15T33C 5 28.2 31.4 33 36.3 1 45.7 33 59.0 169 9.8 2700 
SM15T33A SM15T33CA 5 28.2 31.4 33 34.7 1 45.7 33 59.0 169 9.8 2700 
SM15T36 SM15T36C 5 30.8 34.2 36 39.6 1 49.9 30 64.3 156 9.9 2500 
SM15T36A SM15T36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 156 9.9 2500 
SM15T39 SM15T39C 5 33.3 37.1 39 42.9 1 53.9 28 69.7 143 10.0 2400 
SM15T39 SM15T39 5 33.3 37.1 39 41.0 1 53.9 28 69.7 143 10.0 2400 

_21_6 _____________________ ~~~ ~~~~~~:~~~~-----------------------
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SM15Txx 

TYPES IRM@VRM VBR @ IR VCL@Ipp VcL@Ipp aT c 

max min nom max max max max typ 

note2 10/1000us 8/20J,IS note3 note4 

Uni Bi llA v v v 
directional directional 

SM15T68 SM15T68C 5 58.1 64.6 68 
SM15T68A SM15T68CA 5 58.1 64.6 68 
SM15T100 SM15T100C 5 85.5 95.0 100 
SM15T100A SM15T100CA 5 85.5 95.0 100 
SM15T150 SM15T150C 5 128 143 150 
SM15T150A SM15T150CA 5 128 143 150 
SM15T200 SM15T200C 5 171 190 200 
SM15T200A SM15T200CA 5 171 190 200 
SM15T220 SM15T220C 5 188 209 220 
SM15T220A SM15T220CA 5 188 209 220 

All parameters tested at 25 •c, except where indicated. 

%lpp 

PULSE WAVEFORM 10/1000/LS 

50 

0 
1000 /LS 

Note 1 : - For surges greater than the max1mum values, 

Note 2: 
the diode Will present a short-circuH Anode- Cathode. 
- Pulse test. T P < 50 ms. 

Note 3: - I:NBR =aT • (Ta- 25) • VaR(25'C)· 

Note4: - VR = 0 V, F = 1 MHz. For bidirectional types, 
capacitance value 1s d1v1ded by 2. 

TYPES TYPES 

Unidirectional Marking Bidirectional Marking 

SM15T6V8 MOD SM15T6V8C BOD 
SM15T6V8A MOE SM15T6V8CA BDE 
SM15T7V5 MDF SM15T7V5C BDF 
SM15T7V5A MDG SM15T7V5CA BOG 
SM15T10 MDN SM15T10C BON 
SM15T10A MOP SM15T10CA BOP 
SM15T12 MDS SM15T12C BDS 
SM15T12A MDT SM15T12CA BOT 
SM15T15 MOW SM15T15C BOW 
SM15T15A MDX SM15T15CA BOX 
SM15T18 MED SM15T18C BED 
SM15T18A MEE SM15T18CA BEE 
SM15T22 MEH SM15T22C BEH 
SM15T22A MEK SM15T22CA BEK 
SM15T24 MEL SM15T24C BEL 
SM15T24A MEM SM15T24CA BEM 
SM15T27 MEN SM15T27C BEN 
SM15T27A MEP SM15T27CA BEP 

v rnA v A v A 1D-4t•c (pF) 

74.8 1 92 16.3 121 83 10.4 1550 
71.4 1 92 16.3 121 83 10.4 1550 
110 1 137 11 178 56 10.6 1150 
105 1 137 11 178 56 10.6 1150 
165 1 207 7.2 265 38 10.8 850 
158 1 207 7.2 265 38 10.8 850 
220 1 274 5.5 353 28 10.8 675 
210 1 274 5.5 353 28 10.8 675 
242 1 328 4.6 388 26 10.8 625 
231 1 328 4.6 388 26 10.8 625 

........ 
............ I I I 

~"--.... \. Peak Power 

~~ 
(on printed circuit). 

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

!"'--
Average Power I\. 

(on Infinite heatslnk). 

100% 

80% 

60% 

40% 

20% I I " Tamb ("c) 1\ 0 I I I Oo/c 
0 ~ ~ ~ 00 1001~1~1~100200 

Figure 1: Power dissipation derating versus 
ambient temperature 

TYPES TYPES 

Unidirectional Marking Bidirectional Marking 

SM15T30 MEQ SM15T30C BEQ 
SM15T30A MER SM15T30CA BER 
SM15T33 MES SM15T33C BES 
SM15T33A MET SM15T33CA BET 
SM15T36 MEU SM15T36C BEU 
SM15T36A MEV SM15T36CA BEV 
SM15T39 MEW SM15T39C BEW 
SM15T39A MEX SM15T39CA BEX 
SM15T68 MFN SM15T68C BFN 
SM15T68A MFP SM15T68CA BFP 
SM15T100 MFW SM15T100C BFW 
SM15T100A MFX SM15T100CA BFX 
SM15T150 MGH SM15T150C BGH 
SM15T150A MGK SM15T150CA BGK 
SM15T200 MGU SM15T200C BGU 
SM15T200A MGV SM15T200CA BGV 
SM15T220 MGW SM15T220C BGW 
SM15T220A MGVX SM15T220CA BGX 

------------J>..,I ~~©mg~l~~~--------------'3-'6 
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SM15Txx 

Figure 2 : Peak pulse power versus exponential pulse duration. 

Pp(W) 

10E+06 

100000 r":: 

10000 

1000 

100 

10 
0.001 

f".,_ 

-.;;::; 

r--...... 

0.01 0.1 

Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 J.LS 

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

Tj Initial = 25"C 

r--. 

11tp (mi) ii7i 
10 100 

SM15T 22A l-l-+l-l-l+--+-+-l-++-l-I-.J..h.~.J--l--d-+-i-14Jbl---""__..==+--l---l--l-l-l-~ 
.. ····· 

0.1 10 100 1000 

Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
6V (BR) =aT (V(BR)) • [Ta -25]• V (BR)· 
For intermediate voltages, extrapolate the given results . 

..::.416=------------~ SCS·ntOMSQN _________ _ 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 

C (pF) 
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1000 
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s::: ~SA ---=:::;::: ~r:lo'A. =.... SIVI1s; sa 

~ SIVIlS 300, 

100 

10 

Ti = 25'C 
f = 1 MHz 

VR(V) 

100 

Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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SM15Txx 

Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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-
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM15Txx 

ORDER CODE 

SM 15 T 100 C A 

SURFACE MOUNT _j J 
1500WATT 

I_ TOLERANCE : 
A= +1- 5% 

= +1- 10% 

'--- BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 15 (Plastic). 

Ref Millimeters Inches 

B c 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 15 Plastic. 

a 

II 
~ 

Packaging : standard packaging is in film. 

min 

A 2.5 

a1 -
B 2.9 

c 4.8 

D 7.6 

E 6.3 

F 1.3 

Weight = 0.25 g. 

Ref 

a 

b 

c 

max min max 

3.1 0.098 0.122 

0.2 0.008 

3.1 0.114 0.122 

5.2 0.190 0.200 

8.0 0.300 0.315 

6.6 0.248 0.259 

1.7 0.051 0.067 

Millimeters 

4.2 

2 

3.3 

_61_6----------------------~~l ~ii~~g~~~~©~------------------------
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STGP10N50A 

ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 
PRELIMINARY DATA 

• HIGH INPUT IMPEDANCE 
(VOLTAGE DRIVEN) 

• VERY LOW ON-VOLTAGE DROP VcE(SAT) 
• HIGH RELIABILITY LEVEL 
• HIGH CURRENT CAPABILITY 
• OFF LOSSES INCLUDE TAIL CURRENT 

APPLICATIONS: 
• AUTOMOTIVE IGNITION 
• LIGHT DIMMER 
• S.M.P.S. SOFT START 

T0-220 

INTERNAL SCHEMATIC DIAGRAM 
c 

(2~ 

J~ 
~3) "" 

(1)! 
SC06560 E 

ABSOLUTE MAXIMUM RATINGS 

I Symbol Parameter Value Unit 

VcEs Collector-Emitter Voltage (VGE = 0) 500 v 
VeER Collector-Emitter Voltage (RGE= 20 kQ) 500 v 
VGE Gate-Emitter Voltage ± 20 v 
lc Collector Current (continuous) at Tc = 25 °C 20 A 

lc Collector Current (continuous) at Tc = 100 °C 10 A 

lcM(•) Collector Current (pulsed) 100 A 

Ptot Total Dissipation at Tc = 25 °C 100 w 
Derating Factor 0.8 W/°C 

Tstg Storage Temperature -65 to 150 oc 

Tt Max. Operating Junction Temperature 150 oc 
(•) Pulse width limited by safe operatmg area 

December 1992 1/5 
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STGP10N50A 

THERMAL DATA 

RthJ·Case 
RthJ·&mb 
Rthc-h 

Thermal Resistance Junction-Case 
Thermal Resistance Junction-Ambient 
Thermal Resistance Case-Heartsink 

Max:' Max 
Max 

ELECTRICAL CHARACTERISTICS (Tj = 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. 

V(BR)CES Collector-Emitter lc = 250 J.!A VGE = 0 500 
Breakdown Voltage 

IcEs Collector Cut-off Vee= Max Rating 
Current (VGe = 0) Vee= Max Rating x 0.8 T1 = 125 °C 

IGES Gate-Emitter Leakage VGE = ± 20 v Vee= 0 
Current (VeE= 0) 

ON(*) 

Symbol Parameter Test Conditions Min. 

VGE(th) Gate Threshold Voltage Vee= VGE lc = 250 J.!A 2 

Vce(sat) Collector-Emitter VGe=15V lc = 10 A 
Saturation Voltage VGe=15V lc = 10 A TJ = 100 °C 

DYNAMIC 

Symbol Parameter Test Conditions Min. 

g1s Forward Vee= 20 V lc = 10 A 2.5 
Transconductance 

c, •• Input Capacitance VeE= 25 V f = 1 MHz VGE= 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

Og Gate Charge VeE= 400 V VGE=15V lc = 10 A 

SWITCHING ON 

Symbol Parameter Test Conditions Min. 

td(on) Turn-on Time lc = 10 A Vee= 400 V 
t, Rise Time VGe=15V AGe= 100 0 

dic/dt Turn-on Current Slope ic = 10 A Vee= 400 V VGe=15V 
AGE= 100 0 T1 = 100 °C 

Eon Turn-on Switching lc = 10 A Vee= 400 V VGE = 15 V 
Losses AGe= 100 0 T1 = 100 °C 

Vce(350ms) Collector-Emitter · lc = 10 A Vee= 400 V VGe = 15 V 
Dynamic Voltage AGE= 100 0 TJ = 100 °C 

Vce(610ms) Collector-Emitter ic = 10 A Vee= 400 V VGe = 15 V 
Dynamic Voltage AGE= 100 0 TJ = 100 °C 

1.25 
62.5 
0.1 

Typ. 

Typ. 

1.85 
1.75 

Typ. 

6 

900 
90 
30 

55 

Typ. 

35 
100 

220 

185 

Max. 

250 
1 

100 

Max. 

4 

2.2 

Max. 

1250 
140 
42 

Max. 

50 
150 

220 

7 

4 

I °C/W 
°C/W 
°C/W 

Unit 

v 

J.!A 
rnA 

nA 

Unit 

v 
v 
v 

Unit 

s 

pF 
pF 
pF 

nC 

Unit 

ns 
ns 

Alms 

j.!J 

v 

v 

_215 __________ j;_..,.'/ SliS·THOMSON -----------
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING OFF 

STGP10N50A 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lc Cross-Over Time Vee= 400 V 
lr(Voff) Off Voltage Rise Time RGE = 100 Q 

It Fall Time 
Eou (**) Turn-off Switching Loss 

lc Cross-Over Time Vcc=400V 
lr(Voff) Off Voltage Rise Time RGE = 100 Q 

It Fall Time Ti = 100 °C 
Eou (**) Turn-off Switching Loss 

(•) Pulsed: Pulse duration = 300 J.IS, duty cycle 1.5 % 
(••) Losses include olso the tail (Jedec Standardization) 

Derating Curves 

Pror(W) 
GC24990 

100 
1"-

!'.. 

' 
80 

60 1"-
~ 

40 "' ' ' ~ 20 

' 0 50 100 150 Tc (°C) 

Output Characteristics 

GC2~DID 

lc (A) 

VcE=15V ,__ -v I"" 80 

60 
v 

I 
I 10V 

1/ ----40 

v 
I 

20 

I sv 

0 6 12 18 24 VeE (v) 

lc= 10 A 1500 ns 
VGE=15V 170 ns 

1000 ns 
2.2 3.25 mJ 

lc=10A 2600 ns 
VGE = 15 v 190 ns 

2000 ns 
3.8 4.8 mJ 

Output Characteristics 

CC2S000 

lc (A) 
VcE=15 

v ''-

15 

10V 
10 

5 J 
1/ sv 

..J v 
0 2 4 6 VeE (V) 

Transconductance 

QC2~150 

g,(S) 

8 

6 
...... 

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

.,.....,.. 
4 

/ 
,r 

2 

I 

0 2 4 6 B lc(A) 

----------- L•'l SGS·THOMSON ----------3-15 
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STGP10N50A 

Static Collector-Emitter On Voltage 

Y CE(sat ) 
(V) 

1.85 

1.55 

1.25 

0.95 

0.65 
0 

---~ 
-40°C l? K v 
~ v v 

~ v /v 

v TJ=125°C 

/ 

2 4 6 

Capacitance Variation 

C(pF) 

f=1MHz 
VGE =OV 

1250 

1000 
\.. 

750 

500 

250 \ 
....... Cou: -

0 10 20 30 40 

CC250:50 

~ 
,. 

::;;-' v""' v 
25°C 

B lc (A) 

GC25140 

Ciss 

Cm 

VcE(V) 

Normalized On Voltage vs Temperature 

) YcE(sat 

(norm ) 

1.04 

1.0 

0.96 

0.92 

O.BB 
-40 

-........ 

0 

CC25040 

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

' "' "' ..... 

40 BO 

Gate Charge vs Gate-Emitter Voltage 

GC 25130 
VeE (V) 

15 

12 

v 
9 v 

v lc =lOA 

I Vcc=400V 
6 

3 
I 

v 
0 10 20 30 40 0 0 (nC) 

Normalized Gate Threshold Voltage vs 
Temperature 

VcE(th) 
(norm) 

1.2 

1.0 

0.8 

0.6 

-50 0 

GC25050 

Vc,=VcE 
le =250,uA 

50 100 

Turn On Current Slope vs Gate-Emitter 
Resistance 

dl /dl 
(A/ !L s ) 

300 

250 

200 

150 

100 

50 

\ 

' ' ' " 
' 

GCZ5110 

I 
Vee =400V ----' 
I e =lOA 

VGE =15V 
----' 

TJ=100°C 
--

....... 
-r-

0 1 00 200 300 400 SOD Rc( 0 ) 

4/5 
---------------------------L~I ~~~~&~:~~ ---------------------------

. 676 



Turn Off Voltage Slope vs Gate-Emitter 
Resistance 

dv/dt 
(V/ns ) 

2.0 

1.6 

1.2 

0.8 

0.4 

0 

GC25160 

Vee =400V 1--
VeE =15V 

1-
lc=IOA 

[\\T, =25 'c 

~ 
100'C~ :::::::: 
I 

200 400 600 800 1000 R0 (n) 

Off Loses vs Junction Temperature and 
Supply Voltage 

Eoff 
(mJ) 

3 

2 

-
V GE =15V 
Rg(ofl)=47{] 

Vcc=400V 

~ 
,.,., 

v / 

Ycc=200V >::::::: 
~~ 

GC25180 

;;1oo'c 

/ / T, =25'C 

/ 
:;.= 1 oo'c 

:;::::. ~=25'C 

0 2.5 5 7.5 10 12.5 15 lc (A) 

Off Loses vs dv/dt 

Eoff 
(mJ) 

4 

3 

2 

1 

V CE =400V 

V6,=15V 

Rg(on)=47{] 

TJ = 1 OO'C 

/ 
/ 
~ 

/ 
/ 
v 
v 

STGP10N50A 

GC25170 

1500V/,us 

/ 
v 

1 OODV/,us 

/ 
v 
v 750V/,us 

/ -500V/,us 

--
0 2.5 5 7.5 10 12.5 15 10 (A) 
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STK12N05L 
STK12N06L 

N -CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 

TYPE Voss Res( on) Ia 

STK12N05L 50 v 0.15 Q 12 A 
STK12N06L 60 v 0.15 Q 12 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVEAVALANCHEDATAAT100°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• LOGIC LEVEL COMPATIBLE INPUT 
• APPLICATION ORIENTED CHARAC

TERIZATION 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vas Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kQ) 

VGs Gate-source Voltage 

Ia Drain Current (continuous) at Tc = 25 °C 

Ia Drain Current (continuous) at Tc = 100 °C 

laM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 
(•) Pulse wtdth limned by safe operattng area 

May 1992 

~' ~' 
1 2 

SOT-82 SOT-194 
(option) 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

STK12N05L STK12N06L 

50 60 v 
50 60 v 

±15 v 
12 A 

7 A 

48 A 

50 w 
0.4 W/°C 

-65 to 150 oc 

150 oc 

1/6 
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STK12N05L!STK12N06L 

THERMAL DATA 

RthJ·Case Thermal Resistance Junction-case Max 2.5 
RthJ·amb Thermal Resistance Junction-ambient Max 80 
Rthc-sink Thermal Resistance Case-sink Typ 0.7 

Tt Maximum Lead Temperature For Soldering Purpose 275 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 
OFF 

Symbol Parameter Test Conditions Min. Typ. 

V(BR)DSS Drain-source lo = 250 [!A VGs = 0 
Breakdown Voltage for STK12N05L 50 

for STK12N06L 60 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 

IGss Gate-body Leakage VGs=±15V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 [!A 1 

Ros(on) Static Drain-source On VGs = 5 V lo = 6 A 
Resistance VGs = 5 V lo = 6 A Tc = 100°C 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 12 
VGs = 5 V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. 

gfs Forward Vos > lo(on) X Ros(on)max lo = 6 A 4 
Transconductance 

CISS Input Capacitance Vos=25V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING ON 

Symbol Parameter Test Conditions Min. Typ. 

td(on) Turn-on Time Voo = 25 V lo = 6 A 10 
tr Rise Time RGs =50 Q VGs = 5 V 50 

(see test circuit, figure 3) 

(di!dt)on Turn-on Current Slope Voo = 40 V lo = 12 A 150 
RGs =50 Q VGs = 5 V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo = 12 A VGs = 5 V g 

°C/W 
°C/W 
°C/W 

oc 

Max. Unit 

v 
v 

250 f!A 
1000 f!A 

± 100 nA 

Max. Unit 

2.5 v 
0.15 Q 

0.3 Q 

A 

Max. Unit 

s 

650 pF 
250 pF 
100 pF 

Max. Unit 

20 ns 
80 ns 

A/f!S 

14 nC 

2/6 --------------J..V ~~~m&r::~~t: --------------
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING OFF 

Symbol Parameter Test Conditions 

lr(Voff) Off-voltage Rise Time Voo = 40 V lo = 12 A 
l1 Fall Time RGs = 50 D. VGs = 5 V 
lc Cross-over Time 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso Forward On Voltage lso = 12 A VGs = 0 

lrr Reverse Recovery lso = 12 A dildt = 100 Al!lS 
Time Voo=15V TJ = 150 °C 

Q, Reverse Recovery 
Charge 

I ARM Reverse Recovery 
Current 

0 (*) Pulsed. Pulse duration- 300 11s. duty cycle 1.5 Vo 
(•) Pulse w1dth l1m1ted by safe operat1ng area 

STK12N05LISTK12N06L 

Min. Typ. Max. Unit 

110 150 ns 
70 100 ns 
180 250 ns 

Min. Typ. Max. Unit 

12 A 
48 A 

1.4 v 
80 ns 

0.15 !lC 

3.5 A 

Safe Operating Areas Thermal impedance 

GC34360 
K 

6 0. ~ 
"U ~ 
o=o. 

10 1 1.4 Z1h =KRihh 

'm-a 0.05 Jth_ 
II II 

a -o.o2 --m ou.u. 

1 a·2 SINGLE PULSE 

10-5 to·' 10-3 10-2 10-1 t,(s) 

3/6 
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STK12N05LISTK12N06L 

Derating Curve Output Characteristics 

Ptot (W) 
GC19640 GC3ti.t30 

) 
Yes =1 OV sv 

60 
16 I / ~ 

1/ I/ 

""" """ "' I" 
8 

/ 
IY 

4V -

II 
If v 

IV 
II 3V 

12 

40 

20 
4 

""" 
v 

0 50 100 0 3 

Transfer Characteristics Transconductance 

GC36440 GC24Z70 

g,,(s) 

V OS >I D(on) X R DS(on)mox I 
I 

16 16 

I.--

........ --I 
1/ r, =25 oc 

- -
12 12 

8 / 
v 

Yos =25V 

I 
v 

I v 
4 I 

IJ 
v 

4 

0 2 4 0 4 8 12 16 10 (A) 

Static Drain-source On Resistance Gate Charge vs Gate-source Voltage 

GC3fi870 GC24300 
Yes (v) RoS(on 

(0) 

0.20 

) 

8 

lt 
Vos=40V / -
lo =12A J 

0.15 
Yes =5V 

v 
I 

/ 
6 

-v 
0.10 4 

I 
I 

0.05 2 

1/ 
0 4 8 12 0 4 8 12 16 0 0 (nC) 
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Capacitance Variations 
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STK12N05L!STK12N06L 

Fig. 3: Switching Times Test Circuits For 
Resistive Load 

SC05990 

Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 

1000 
,.F 

Fig. 4: Gate Charge Test Circuit 
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STK22N05 
N- CHANNEL ENHANCEMENT MODE 

POWER MOS TRANSISTOR 

TYPE 

STK22N05 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 1 00% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 1 00°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• APPLICATION ORIENTED 

CHARACTERIZATION 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kQ) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at Tc = 25 °C 

lo Drain Current (continuous) at Tc = 100 °C 

I oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tl Max. Operating Junction Temperature 
(•) Pulse wtdlh ltmtted by safe operaltng area 

June 1992 

~' ~' 
1 2 

SOT-82 SOT-194 
(option) 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

50 v 
50 v 

± 20 v 
22 A 

14 A 

88 A 

60 w 
0.48 W/°C 

-65 to 150 oc 

150 oc 
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STK22N05 

THERMAL DATA 

Rthj·case Thermal Resistance Junction-case Max 2.08 
Rthj-amb Thermal Resistance Junction-ambient Max 80 
RthJ·amb Thermal Resistance Case-sink Typ 0.7 

T, Maximum Lead Temperature For Soldering Purpose 275 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by TJ max, 8 < 1 %) 

EAs Single Pulse Avalanche Energy 
(starting TJ = 25 °C, lo = IAR, Voo = 25 V) 

EAR Repetitive Avalanche Energy 
(pulse width limited by TJ max, 8 < 1%) 

IAR Avalanche Current, Repetitive or Not-Repetitive 
(T c = 100 °C, pulse width limited by T1 max, 8 < 1 %) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. 

V(BR)OSS Drain-source lo = 250 ~tA VGs = 0 50 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 

IGSS Gate·body Leakage VGs=±20V 
Current (Vos = 0) 

ON(*) 

Sym,bol Parameter Test Conditions Min. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 11A 2 

Ros(on) Static Drain-source On VGs = 10V lo = 11 A 
Resistance VGs = 10V lo = 11 A Tc = 100°C 

Ia( on) On State Drain Current Vos > locon) X Ros(on)max 22 
VGs=10V 

DYNAMIC 

Symbol Parameter Test Conditions Min. 

gfs (*) Forward Vos > loran) X Ros(on)max lo = 11 A 6 
Transconductance 

c, •• Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 

22 

100 

25 

14 

Typ. Max. 

250 
1000 

± 100 

Typ. Max. 

4 

0.065 
0.13 

Typ. Max. 

1200 
600 
200 

°C/W 
°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

!!A 
~tA 

nA 

Unit 

v 
g 
g 

A 

Unit 

s 

pF 
pF 
pF 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

ld(on) Turn·on Time Voo = 30 V lo = 3 A 
lr Rise Time RG =50 Q VGs=10V 

(see test circuit, figure 3) 

(di/dl)on Turn-on Current Slope Voo = 40 V lo = 22 A 
RG =50 Q VGs = 10 V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo = 22 A VGs = 10 V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

lr(Vofl) Off-voltage Rise Time Voo = 40 V lo = 22 A 
It Fall Time RG =50 Q VGs = 10 V 
lc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (*) Forward On Voltage lso = 22 A VGs = 0 

lrr Reverse Recovery lso = 22 A dildt = 100 A/115 
Time Voo = 30 V T1 = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

IRRM Reverse Recovery 
Current 

0 (*)Pulsed. Pulse duratmn- 300 11s. duty cycle 1.5 Yo 
(•) Pulse width limited by safe operating area 

Min. 

Min. 

Min. 

Safe Operating Area Thermal Impedance 

GC3!i860 
K 

0 = 0.5 

STK22N05 

Typ. Max. Unit 

30 45 ns 
90 130 ns 

230 AlliS 

26 40 nC 

Typ. Max. Unit 

80 120 ns 
80 120 ns 

170 250 ns 

Typ. Max. Unit 

22 A 
88 A 

1.5 v 
80 ns 

0.22 I!C 

5.5 A 

10 -,~v ,..J..J.WJil-~IIIIUJL.....Y-liii.J.l.Ull......JI.l.lliiiiWl-1111-':-'-ll.l.Wllflllll. 
10- 10-' 10- 10-2 to- 1 t,(s} 
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STK22N05 

Derating Curve 

Ptat (W) 
GCI9350 

60 

40 

20 

' ' ' !". 
0 50 100 Teas• (aC) 

Transfer Characteristics 

OC23430 

10 (A) 

~ 

l/v05 =25V -
50 

40 

30 I 

L 
1/ 

20 

10 
I 

..... 
0 2 4 6 8 

Static Drain-source On Resistance 

RoS(on) 

(fl) 

0.065 

0.055 

0.045 

0.035 

0.025 
0 

V05 :\OV 

..._. 

12 18 

GC35820 

--
24 10(A) 

Output Characteristics 

GC35SOD 
) 

Vr;S =1 OV v -~ BY 

40 1/ I/ 
I 

fl/ 
6V -

Ill -30 

v v 
IV 

20 

10 II 5V 

{/ 
4V 

0 2 4 

Transconductance 

GC35810 

g,,(s ) I I 
24 

r, =-4o•c 1--~---
'\ ..... 
// 

TJ 125 'C v.: "' ..... 20 

~ ,,' 'T, =25"C 
/-

16 

12 
fl. 

8 
'/ 

II 
Yos >I D(on) xR DS(on}mox 

I I I I 4 

I I I 
0 10 20 30 40 so 60 10(A) 

Gate Charge vs Gate-source Voltage 

GC23460 

/ 
10 

Yos=40V / 
/ 

8 v 
6 v 

I 
4 

I 
lo =22A 

I 
2 

1/ 
0 5 10 15 20 25 Og(nC) 

4/7 
------------- .. .,, ~~~~~:~~ --------------

688 



Capacitance Variations 

GCJ5830 
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STK22N05 

Switching Safe Operating Area 

GC2-'720 
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Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 
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e. 1 t---...._ __ .._ _ ___, 

Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Recovery Times 
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STP19N05L 
STP19N06L 

N -CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 

TYPE Voss Ros(on) lo 

STP19N05L 50 v 0.1 n 19 A 

STP19N06L 60 v 0.1 n 19 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 100°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• LOGIC LEVEL COMPATIBLE INPUT 
• 175°C OPERATING TEMPERATURE 
• APPLICATION ORIENTED 

CHARACTERIZATION 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kO) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at T c = 50 °C 

lo Drain Current (continuous) at T c = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

T, Max. Operating Junction Temperature 
(•) Pulse w1dth hm1ted by safe operat1ng area 

May 1992 

TENTATIVE DATA 

T0-220 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

STP19N05L STP19N06L 

50 60 v 
50 60 v 

±15 v 
19 A 

14 A 

76 A 

85 w 
0.57 W/°C 

-65 to 175 oc 

175 oc 

1/3 

693 

I 



STP19N05L/06L 

THERMAL DATA 

RthJ-case Thermal Resistance Junction -case Max 1.76 
Rthj-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc-smk Thermal Resistance Case-sink Typ 0.5 

Tr Maximum Lead Temperature For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by T1 max, li < 1%) 

EAs Single Pulse Avalanche Energy 
(starting T1 ~ 25 °C, lo ~ IAR, Voo ~ 25 V) 

EAR Repetitive Avalanche Energy 
(pulse width limited by T1 max, 1l < 1%) 

IAR Avalanche Current, Repetitive or Not-Repetitive 
(Tc ~ 100 °C, pulse width limited by T1 max, 1l < 1%) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. 

V(BR)DSS Drain-source lo ~ 250 11A VGs ~ 0 
Breakdown Voltage for STP19N05L 50 

for STP19N06L 60 

loss Zero Gate Voltage Vos ~ Max Rating 
Drain Current (VGs ~ 0) Vos ~ Max Rating x 0.8 Tc~ 125°C 

IGSS Gate-body Leakage VGs~±15V 
Current (Vos ~ 0) 

ON(*) 

Symbol Parameter Test Conditions Min. 

VGS(th) Gate Threshold Voltage Vos ~ VGs lo ~ 250 11A 1 

Ros(on) Static Drain-source On VGs ~ 5 V lo ~ 9.5 A 
Resistance VGs ~ 5 V lo ~ 9.5 A Tc ~ 100°C 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 19 
VGs ~ 5 V 

DYNAMIC 

Symbol Parameter Test Conditions Min. 

9fs (*) Forward Vos > lo(on) X Ros(on)max lo ~ 9.5 A 
Transconductance 

c.ss Input Capacitance Vos ~ 25 V f ~ 1 MHz VGs ~ 0 
Cess Output Capacitance 
Crss Reverse Transfer 

Capacitance 

19 

60 

15 

11 

Typ. Max. 

250 
1000 

± 100 

Typ. Max. 

2.5 

0.1 
0.2 

Typ. Max. 

10 

700 
200 
50 

°C/W 
°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 
v 

I! A 
I! A 

nA 

Unit 

v 
Q 

Q 

A 

Unit 

s 

pF 
pF 
pF 

2/3 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 30 V lo = 3 A 
t, Rise Time RG =50 Q VGs = 5 V 

(see test circuit, figure 3) 

(di/dt)on Turn-on Current Slope Voo = 40 V lo = 19 A 
RG =50 Q VGs = 5 V 
(see test circuit, figure 5) 

i 

Og Total Gate Charge Voo = 40 V lo = 19 A VGs = 5 V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

lr(Voff) Off-voltage Rise Time Voo = 40 V lo = 19 A 
It Fall Time RGs =50 Q VGs = 5 V 
lc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (*) Forward On Voltage lso=19A VGs = 0 

trr Reverse Recovery lso = 19 A dildt = 1 00 Mrs 
Time Voo = 25 V T1 = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

I RAM Reverse Recovery 
Current 

0 (•) Pulsed. Pulse durat1on- 300 ~s. duty cycle 1.5 Yo 
(•) Pulse w1dth limited by safe operatmg area 

STP19N05L/06L 

Min. Typ. Max. Unit 

25 ns 
80 ns 

150 Alf!S 

18 nC 

Min. Typ. Max. Unit 

130 ns 
150 ns 
280 ns 

Min. Typ. Max. Unit 

19 A 
76 A 

1.6 v 
120 ns 

0.2 f!C 

3.5 A 

3/3 
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STP25N06 
STP25N06FI 

N-CHANNELENHANCEMENTMODE 
POWER MOS TRANSISTOR 

TYPE Voss Ros(on) lo 

STP25N06 60 v 0.07 Q 25 A 
STP25N06FI 60 v 0.07 Q 16 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 100°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
a DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kQ) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at T c = 25 °C(#) 

lo Dram Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 
(•) Pulse w1dth lim1ted by safe operating area 
(#) T, =50 'C forT0-220 

May 1992 

T0-220 ISOWATT220 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

STP25N06 STP25N06FI 

60 v 
60 v 

± 20 v 
25 16 A 

19 10 A 

100 100 A 

95 35 w 
0.63 0.28 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 

1/7 
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STP25N06/FI 

THERMAL DATA 

T0-220 jiSOWATT220 

Rthj-case Thermal Resistance Junction-case Max 1.57 I 3.57 

RthJ-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc-smk Thermal Resistance Case-sink Typ 0.5 

TJ Maximum Lead Temperature For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 25 
(pulse width limited by T1 max, li < 1%) 

EAs Single Pulse Avalanche Energy 125 
(starting T1 = 25 °C, lo = IAR, Voo = 25 V) 

EAR Repetitive Avalanche Energy 30 
(pulse width limited by Tj max, li < 1%) 

IAR Avalanche Current, Repetitive or Not-Repetitive 15 
(Tc = 100 °C, pulse width limited by T1 max, li < 1%) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. Max. 

V(BR)OSS Drain-source lo = 250 J.LA VGs = 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 250 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 1000 

IGSS Gate-body Leakage VGs = ± 20 V ± 100 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 J.LA 2 4 

Ros(on) Static Drain-source On VGs = 10V lo = 12.5 A 0.07 
Resistance VGs = 10V lo = 12.5 A Tc = 100°C 0.14 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 25 
VGs=10V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. Max. 

gts (•) Forward Vos > lo(on) X Ros(on)max lo=12.5A 7 
Transconductance 

Ciss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 1200 
Coss Output Capacitance 600 
Crss Reverse Transfer 200 

Capacitance 

°C/W 

°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

J.LA 
J.LA 

nA 

Unit 

v 
n 
n 
A 

Unit 

s 

pF 
pF 
pF 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

td(on) Turn-on Time Voo = 30 V lo = 3 A 
tr Rise Time RG =50 Q VGs = 10 V 

(see test circuit, figure 3) 

(di!dt)on Turn-on Current Slope Voo = 40 V lo = 25 A 
RG =50 Q VGs=10V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo = 25 A VGs=10V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

tr(Voff) Off-voltage Rise Time Voo = 40 V lo = 25 A 
tr Fall Time RG =50 Q VGs = 10 V 
tc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (•) Forward On Voltage lso = 25 A VGs = 0 

lrr Reverse Recovery lso = 25 A dildt = 100 AijlS 
Time Voo = 30 V Tj = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

IRRM Reverse Recovery 
Current 

0 (*)Pulsed. Pulse durat1on- 300 ~s. duty cycle 1.5 Yo 
(•) Pulse w1dth limited by safe operating area 

STP25N06/FI 

Min. Typ. Max. Unit 

30 45 ns 
90 130 ns 

230 A ills 

26 40 nC 

Min. Typ. Max. Unit 

80 120 ns 
80 120 ns 
170 250 ns 

Min. Typ. Max. Unit 

25 A 
100 A 

1.5 v 
80 ns 

0.22 11c 

5.5 A 

Safe Operating Areas For T0-220 Safe Operating Areas For ISOWATT220 

) 
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STP25N06/FI 

Thermallmpedeance For T0-220 
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Transconductance 
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STP25N06/FI 

Turn-on Current Slope 

di /dt 
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Fig. 1: Unclamped Inductive Load Test Circuits 

2200 3.3 
p.F p. F 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 

Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 
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Fig. 2: Unclamped Inductive Waveforms 
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Fig. 4: Gate Charge Test Circuit 
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STP36N06 
STP36N06FI 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 

TYPE Voss Ros(on) lo 

STP36N06 60 v o.o4 n 36 A 
STP36N06FI 60 v o.o4 n 20 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 1 00°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPO RIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kQ) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at Tc = 25 °C(#) 

lo Drain Current (continuous) at Tc = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tt Max. Operating Junction Temperature 
(•) Pulse wtdth limtted by safe operattng area 
(#) T, =50 °C forT0-220 

May 1992 

T0-220 ISOWATT220 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

STP36N06 STP36N06FI 

60 v 
60 v 

± 20 v 
36 20 A 

27 12 A 

144 144 A 

120 35 w 
0.8 0.28 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 

1/7 
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STP36N06/FI 

THERMAL DATA 

T0-220 IISOWATT220 

RthJ-case Thermal Resistance Junction-case Max 1.25 I 3.57 

RthJ-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc·Sink Thermal Resistance Case-sink Typ 0.5 

TJ Maximum Lead Temperature For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 36 
(pulse width limited by T1 max, o < 1 %) 

EAs Single Pulse Avalanche Energy 220 
(starting T1 = 25 °C, lo = IAR, Voo = 25 V) 

EAR Repetitive Avalanche Energy 50 
(pulse width limited by T1 max, o < 1 %) 

IAR Avalanche Current, Repetitive or Not-Repetitive 22 
(Tc = 100 °C, pulse width limited by T1 max, o < 1 %) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. Max. 

V(BR)DSS Drain-source lo = 250 j.iA VGs = 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 250 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc = 125 °C 1000 

IGSS Gate-body Leakage VGs = ± 20 V ± 100 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 j.iA 2 4 

Ros(on) Static Drain-source On VGs = 10V lo = 18 A 0.04 
Resistance VGs = 10V lo = 18 A Tc=100°C 0.08 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 36 
VGs=10V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. Max. 

gfs (*) Forward Vos > lo(on) X Ros(on)max lo = 18 A 12 
Transconductance 

Ctss Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 2000 
Coss Output Capacitance 800 
Crss Reverse Transfer 250 

Capacitance 

°C/W 

°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

j.iA 
j.iA 

nA 

Unit 

v 
n 
n 
A 

Unit 

s 

pF 
pF 
pF 

2/7 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo = 30 V lo = 3 A 
lr Rise Time RG =50 Q VGs = 10 V 

(see test circuit, figure 3) 

(dildl}on Turn-on Current Slope Voo = 40 V lo = 30 A 
RG =50 Q VGs=10V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo = 30 A VGs = 10 V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

tr(Voff) Off-voltage Rise Time Voo = 40 V lo = 30 A 
It Fall Time RG =50 Q VGs = 10 V 
lc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (•) Forward On Voltage lso = 36 A VGs = 0 

trr Reverse Recovery lso = 30 A dildt = 100 A/11s 
Time Voo = 20 V T1 = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

IRRM Reverse Recovery 
Current 

(•) Pulsed. Pulse durat1on ~ 300 JlS, duty cycle 1.5% 
(•) Pulse width limited by safe operatmg area 

STP36N06/FI 

Min. Typ. Max. Unit 

45 65 ns 
75 100 ns 

180 A illS 

40 60 nC 

Min. Typ. Max. Unit 

90 130 ns 
65 90 ns 

160 220 ns 

Min. Typ. Max. Unit 

36 A 
144 A 

1.6 v 
90 ns 

0.23 !lC 

5 A 

Safe Operating Areas For T0-220 Safe Operating Areas For ISOWATT220 

3/7 ---------------------------- J:~l ~~~~~~~:~~~ ----------------------------
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STP36N06/FI 

Thermal Impedance For T0-220 
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Transconductance 
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STP36N06/FI 

Turn-on Current Slope 
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Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 
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Fig. 2: Undamped Inductive Waveforms 
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STP40N06L 
STP40N06LFI 

N -CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 

TYPE Voss Ros(on) lo 

STP40N06L 60 v 0.04 Q 40 A 
STP40N06LFI 60 v 0.04 Q 22 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 1 00% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 100°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• LOGIC LEVEL COMPATIBLE INPUT 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kn) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at Tc = 25 °C(#) 

lo Drain Current (continuous) at T c = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipatton at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

T, Max. Operating JunctiOn Temperature 
(•) Pulse w1dth hm1ted by safe operat1ng area 
(#) Tc = 50 'C for T0-220 

May 1992 

ADVANCE DATA 

T0-220 ISOWATT220 

INTERNAL SCHEMATIC DIAGRAM 

s (3) 

Value Unit 

STP40N06L STP40N06LFI 

60 v 
60 v 

±15 v 
40 22 A 

30 13 A 

160 160 A 

150 40 w 
1 0.32 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 

1/3 

Th1s 1s advanced 1nformat1on on a new product now in development or undergoing evaluation. Deta1ls are subject to change without notice 
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STP40N06L/FI 

THERMAL DATA 

T0-220 IISOWATT220 

RthJ·case Thermal Resistance Junction-case Max 1 I 
Rtht·amb Thermal Resistance Junction-ambient Max 62.5 
Rthc-stnk Thermal Resistance Case-sink Typ 0.5 

Tt Maximum Lead Temperature For Soldering Purpose 300 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. 

V(BR)DSS Drain-source lo = 250 !lA VGs = 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc= 125 °C 

IGss Gate-body Leakage VGs=±15V 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 11A 1 

Ros(on) Static Drain-source On VGs = 5 V lo = 20 A 
Resistance VGs = 5 V lo = 20 A Tc = 100°C 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 40 
VGs = 5 V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. 

gfs (*) Forward Vos > lo(on) X Ros(on)max lo = 20 A 15 
Transconductance 

CISS Input Capacitance Vos=25V f = 1 MHz VGs = 0 
Cass Output Capacitance 
Crss Reverse Transfer 

Capacitance 

SWITCHING ON 

Symbol Parameter Test Conditions Min. Typ. 

td(on) Turn-on Time Voo = 25 V lo = 20 A 30 
tr Rise Time RG =50 0 VGs = 5 V 300 

(see test circuit, figure 3) 

(di/dt)on Turn-on Current Slope Voo = 40 V lo = 40 A 100 
RG =50 0 VGs = 5 V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo = 40 A VGs = 5 V 30 

3.12 

Max. 

250 
1000 

± 100 

Max. 

2.5 

0.04 
0.08 

Max. 

2200 
800 
250 

Max. 

°C/W 

°CIW 
°C/W 

oc 

Unit 

v 

!lA 
!lA 

nA 

Unit 

v 
n 
n 
A 

Unit 

mho 

pF 
pF 
pF 

Unit 

ns 
ns 

A/J.IS 

nC 

2/3 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING OFF 

Symbol Parameter Test Conditions 

lr(Voff) Off·voltage Rise Time Voo = 40 V lo = 40 A 
It Fall Time RG =50 Q VGs = 5 V 
lc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (*) Forward On Voltage lso = 40 A VGs = 0 

trr Reverse Recovery lso = 40 A dildt = 100 A/JlS 
Time Voo = 25 V TJ = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

IRRM Reverse Recovery 
Current 

0 (•) Pulsed. Pulse duration= 300 JlS, duty cycle 1.5 Yo 
(•) Pulse width limited by sate operating area 

STP40N06l/FI 

Min. Typ. Max. Unit 

180 ns 
200 ns 
380 ns 

Min. Typ. Max. Unit 

40 A 
160 A 

2 v 
100 ns 

0.3 J.!C 

6 A 

----------- Jl..•'/ SGS·ntOMSON ___________ 313 
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STP50N06 
STP50N06FI 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 

TYPE Voss Res( on) lo 

STP50N06 60 v 0.028 Q 50 A 
STP50N06FI 60 v 0.028 Q 27 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 1 00% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 100°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMP DRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage {VGs = 0) 

VoGR Drain- gate Voltage {RGs = 20 kQ) 

VGs Gate-source Voltage 

lo Drain Current {continuous) at T c = 25 °C{#) 

lo Drain Current {continuous) at T c = 100 °C 

1oM{•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

TJ Max. Operating Junction Temperature 
(•) Pulse Width 11m1ted by safe operating area 
(#) Tc =50 •c forT0-220 

June 1992 

T0-220 ISOWATT220 

INTERNAL SCHEMATIC DIAGRAM 

'~ 
s (3) 

Value Unit 

STP50N06 STP50N06FI 

60 v 
60 v 

± 20 v 
50 27 A 

37 17 A 

200 200 A 

150 40 w 
1 0.32 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 

1/6 
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STP50N06/FI 

THERMAL DATA 

T0-220 jJSOWATT220 

Rth)-case Thermal Resistance Junction-case Max 1 I 3.12 

RthJ-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc-smk Thermal Resistance Case-sink Typ 0.5 

TJ Maximum Lead Temperature For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 50 
(pulse width limited by T1 f!lax, 1i < 1%) 

EAs Single Pulse Avalanche Energy 400 
(starting T1 ~ 25 °C, lo ~ IAR, Voo ~ 25 V) 

EAR Repetitive Avalanche Energy 100 
(pulse width limited by TJ max, 1i < 1%) 

IAR Avalanche Current, Repetitive or Not-Repetitive 30 
(Tc ~ 100 °C, pulse width limited by TJ max, 1i < 1%) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. Max. 

V(BR)DSS Drain-source lo ~ 250 11A VGs ~ 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos ~ Max Rating 250 
Drain Current (VGs ~ 0) Vos ~ Max Rating x 0.8 Tc ~ 125 °C 1000 

IGSS Gate-body Leakage VGs~±20V ± 100 
Current (Vos ~ 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ •. Max •. 

VGS(th) Gate Threshold Voltage Vos ~ VGs lo ~ 250 !!A 2 4 

Res( on) Static Drain-source On VGs ~ 10 V lo ~ 25 A 0.028 
Resistance VGs ~ 10 V lo ~ 25 A Tc ~ 100°C 0.056 

Ia( on) On State Drain Current Vas> lo(on) X Ros(on)max 50 
VGs ~ 10 V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. Max. 

grs (*) Forward Vos > lo(on) X Ros(on)max lo ~ 25 A 17 
Transconductance 

Ciss Input Capacitance Vos ~ 25 V f ~ 1 MHz VGs ~ 0 2000 
Cess Output Capacitance 1000 
Crss Reverse Transfer 300 

Capacitance 

°C/W 

°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

!!A 
!!A 

nA 

!Jnlt 

v 
n 
n 
A 

Unit 

s 

pF 
pF 
pF 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

tct(on) Turn-on Time Voo = 25 V lo = 29 A 
tr Rise Time RG = 4.7 Q VGs = 10 V 

(see test circUit, figure 3) 

(di/dt)on Turn-on Current Slope Voo = 40 V lo =50 A 
RG =50 Q VGs = 10 V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 40 V lo =50 A VGs = 10 V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

tr(Votf) Off-voltage Rise Time Voo = 40 V lo =50 A 
It Fall Time RG =50 Q VGs = 10 V 
tc Cross-over Time (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (•) Forward On Voltage lso =50 A VGs = 0 

lrr Reverse Recovery lso =50 A di!dt = 100 A/~s 
Time Voo = 30 V T1 = 150 °C 

Orr Reverse Recovery (see test circuit, figure 5) 
Charge 

IRRM Reverse Recovery 
Current 

(*) Pulsed. Pulse duration= 300 ~s. duty cycle 1.5% 
(•) Pulse Width limited by safe operating area 

STP50N06/FI 

Min. Typ. Max. Unit 

45 65 ns 
90 130 ns 

200 A/~s 

45 65 nC 

Min. Typ. Max. Unit 

160 220 ns 
90 130 ns 

250 350 ns 

Min. Typ. Max. Unit 

50 A 
200 A 

2 v 
150 ns 

0.2 ~c 

4 A 

Safe Operating Areas For T0-220 Safe Operating Areas For ISOWATI220 

'~~~~~rrr~-+~~~~~~ 

101 L-,~~~~~~~~~L-~~~ 
to-1 

I OO,us 

lms 
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STP50N06/FI 

Thermallmpedeance For T0-220 
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Transconductance 
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STP50N06/FI 

Source-drain Diode Forward Characteristics 
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Fig. 2: Unclamped Inductive Waveforms 
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Fig. 4: Gate Charge Test Circuit 

Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 

di~E rA:T A l=100p.H 
DIODE 

s u 1~ 

250 B 8 p.F p.f Voo 

O.U.T. 

SC08010 

6/6 
-------------------------L~I ~~~~~:~~ ------------------------
722 



STP55N06 
STP55N06FI 

N -CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 

TYPE Voss Rose on) lo 

STP55N06 60 v o.023 n 55 A 
STP55N06FI 60 v o.023 n 30 A 

• AVALANCHE RUGGEDNESS TECHNOLOGY 
• 100% AVALANCHE TESTED 
• REPETITIVE AVALANCHE DATA AT 1 00°C 
• LOW GATE CHARGE 
• HIGH CURRENT CAPABILITY 
• 175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 
• VERY LOW Ros(on) 
• APPLICATION ORIENTED 

CHARACTERIZATION 
• ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 

APPLICATIONS 
• HIGH CURRENT, HIGH SPEED SWITCHING 
• SOLENOID AND RELAY DRIVERS 
• REGULATORS 
• DC-DC & DC-AC CONVERTERS 
• MOTOR CONTROL, AUDIO AMPLIFIERS 
• AUTOMOTIVE ENVIRONMENT (INJECTION, 

ABS, AIR-BAG, LAMPDRIVERS, Etc.) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vos Drain-source Voltage (VGs = 0) 

VoGR Drain- gate Voltage (RGs = 20 kn) 

VGs Gate-source Voltage 

lo Drain Current (continuous) at Tc = 25 °C(#) 

lo Drain Current (continuous) at T c = 100 °C 

1oM(•) Drain Current (pulsed) 

Ptot Total Dissipation at Tc = 25 °C 

Derating Factor 

Tstg Storage Temperature 

Tj Max. Operating Junction Temperature 
.. 

(•) Pulse Width hmHed by safe operating area 
(#) T, =50 •c for T0-220 

May 1992 

T0-220 ISOWATT220 

INTERNAL SCHEMATIC DIAGRAM 

·~ 
s (3) 

Value Unit 

STP55N06 STP55N06FI 

60 v 
60 v 

± 20 v 
55 30 A 

41 19 A 

220 220 A 

150 40 w 
1 0.32 W/°C 

-65 to 175 -65 to 150 oc 

175 150 oc 
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STP55N06/FI 

THERMAL DATA 

T0-220 jiSOWATT220 

RthJ-case Thermal Resistance Junction-case Max 1 I 3.12 

RthJ-amb Thermal Resistance Junction-ambient Max 62.5 
Rthc-smk Thermal Resistance Case-sink Typ 0.5 

TJ Maximum Lead Temperature For Soldering Purpose 300 

AVALANCHE CHARACTERISTICS 

Symbol Parameter Max Value 

IAR Avalanche Current, Repetitive or Not-Repetitive 55 
(pulse width limited by T1 max, il < 1%) 

EAs Single Pulse Avalanche Energy 520 
(starting T1 = 25 °C, lo = IAR, Voo = 25 V) 

EAR Repetitive Avalanche Energy 130 
(pulse width limited by T1 max, il < 1%) 

IAR Avalanche Current, Repetitive or Not-Repetitive 34 
(T c = 100 °C, pulse width limited by T1 max, il < 1 %) 

ELECTRICAL CHARACTERISTICS (Tease= 25 °C unless otherwise specified) 

OFF 

Symbol Parameter Test Conditions Min. Typ. Max. 

V(BR)OSS Drain-source lo = 250 11A VGs = 0 60 
Breakdown Voltage 

loss Zero Gate Voltage Vos = Max Rating 250 
Drain Current (VGs = 0) Vos = Max Rating x 0.8 Tc=125°C 1000 

IGSS Gate-body Leakage VGs = ± 20 V ± 100 
Current (Vos = 0) 

ON(*) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VGS(th) Gate Threshold Voltage Vos = VGs lo = 250 11A 2 4 

Ros(on) Static Drain-source On VGs = 10 V lo = 30 A 0.023 
Resistance VGs=10V lo = 30 A Tc = 100°C 0.046 

lo(on) On State Drain Current Vos > lo(on) X Ros(on)max 55 
VGs=10V 

DYNAMIC 

Symbol Parameter Test Conditions Min. Typ. Max. 

g1s (*) Forward Vos > lo(on) X Ros(on)max lo = 30 A 16 
Transconductance 

c, •• Input Capacitance Vos = 25 V f = 1 MHz VGs = 0 2500 3000 
Coss Output Capacitance 950 1200 
Crss Reverse Transfer 250 350 

Capacitance 

°C/W 

°C/W 
°C/W 

oc 

Unit 

A 

mJ 

mJ 

A 

Unit 

v 

I! A 
I! A 

nA 

Unit 

v 
n 
n 
A 

Unit 

s 

pF 
pF 
pF 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCHING ON 

Symbol Parameter Test Conditions 

ld(on) Turn-on Time Voo = 40 V lo =55 A 
t, Rise Time RG =50 Q VGs=10V 

(see test circuit, figure 3) 

(di/dl)on Turn-on Current Slope Voo = 40 V lo =55 A 
RG =5o n VGs=10V 
(see test circuit, figure 5) 

Og Total Gate Charge Voo = 25 V lo = 30 A VGs=10V 

SWITCHING OFF 

Symbol Parameter Test Conditions 

lr(Voff) Off-voltage Rise Time Voo = 40 V lo =55 A 
It Fall Time RG =50 Q VGs = 10 V 
lc Cross-over T1me (see test circuit, figure 5) 

SOURCE DRAIN DIODE 

Symbol Parameter Test Conditions 

I so Source-drain Current 
lsoM(•) Source-drain Current 

(pulsed) 

Vso (*) Forward On Voltage lso =55 A VGs = 0 

trr Reverse Recovery lso =55 A di/dt = 100 NfJ.S 

Time Voo = 25 V T1 = 150 °C 
Orr Reverse Recovery (see test circuit, figure 5) 

Charge 
IRRM Reverse Recovery 

Current . 0 ( ) Pulsed. Pulse durat1on - 300 J.lS, duty cycle 1.5 Yo 
(•) Pulse w1dth limited by safe operat1ng area 

STP55N06/FI 

Min. Typ. Max. Unit 

110 150 ns 
300 400 ns 

160 A/JJ.S 

65 90 nC 

Min. Typ. Max. Unit 

160 220 ns 
160 220 ns 
320 440 ns 

Min. Typ. Max. Unit 

55 A 
220 A 

1.6 v 
100 ns 

0.25 flC 

5 A 

Safe Operating Areas For T0-220 Safe Operating Areas For ISOWATT220 

z~~HH~~no~-+++Hffl~~HHm 

101 ~.~~¥-~~~-+~~~~~ 
10-1 
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STP55N06/FI 

Thermal Impedance For T0-220 
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Transconductance 
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STP55N06/FI 

Source-drain Diode Forward Characteristics 
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Fig. 2: Unclamped Inductive Waveforms 
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APPLICATION NOTE 

LOW DROP VOLTAGE REGULATORS 
FOR AUTOMOTIVE ELECTRONICS 

By S. CISCATO 

Linear voltage regulators with an input-output voltage drop of less than 2V are used to ensure continuity of 
the stabilized output in applications where a battery supply is used. This note describes the characteristics 
and operation of these devices. 

Low drop linear voltage regulators are low voltage 
(5 to 12V) regulators which are able to provide ef
fective stabilization of the output voltage even when 
the difference between input voltage and output 
voltage is less than 2V. 
This situation can arise accidentally for a brief peri
od when the main supply source is overloaded. It 
may also result from a deliberate design decision 
aimed at reducing the power dissipated in the sup
ply- for example, when the device is used as a post 
regulator in portable instruments. 
Low drop regulators are used widely in automotive 
applications, a field where integrated circuits have 
to be particularly rugged. For this reason most low 
drop devices include protection functions not found 
in standard regulators. Before describing the SGS 
THOMSON family of low drop regulators we will 
therefore begin with a brief description of the auto
motive electrical environment. 

AUTOMOTIVE ENVIRONMENT 

In addition to the battery voltage drop during start
ing, the automotive field presents a number of other 
serious problems concerning the regulator input 
voltage : positive and negative high energy I high 
voltage transients (load dump and field decay), posi
tive and negative low energy/very-high-voltage 
spikes (switching spikes), battery reversal and bat
tery voltage doubling. 
All of these hazards must be withstood by the regu
lator without damage over an ambient temperature 
range very close to military standards ( - 40 to 
+ 125"C for underhood devices ; - 40 to + 85"C for 
other devices). Moreover, an output voltage preci
sion of± 4% to± 2% is required over the whole tem
perature range and in all conditions of input voltage 
and load current. 

BATTERY VOLTAGE DROP 

During motor starting the battery is overloaded by a 
peak current of up to 1 OOA drawn by the starter 
motor. In this condition, which persists for 20-30ms, 
the battery voltage drops to about 6V in very cold 
weather (figure 1 ). 

AN254/1088 

Figure 1 : Cold Starting Supply Voltage Drop. 
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S-8060 

Using standard regulators with a dropout of 1.7.V to 
2.1V the minimum 4.75V supply necessary for es
sential functions such as ignition, injection and elec
tronic engine control cannot be guaranteed. Another 
unfortunate consequence is the loss of RAM mem
ory contents in car radios and trip computers. 

A voltage regulator with a voltage drop of less than 
1.2V is therefore necessary. 

BATTERY VOLTAGE DOUBLING 

To aid cold weather starting with a partially flat bat-
tery, sometimes two batteries are used in series, 1· 
doubling the voltage. Regulators must therefore 
withstand input voltages of 24-26V without disturb-
ing operation. 

BATTERY REVERSAL 

Voltage regulators must be protected internally 
against negative input voltages to guard against ac
cidental battery reversal. 

LOAD DUMP TRANSIENTS 

Load dump transients are high voltage, high energy 
positive transients. 

1/8 
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APPLICATION NOTE 

The response time of the output voltage of an alter
nator to load variations is very long because of the 
long time constant of the excitation winding and 
mechanical inertia. 

When the load is reduced instantaneously (by turn
ing off lights, cooling fans and so on) the output volt
age of the alternator tends to present a positive 
peak, the amplitude of which depends on the speed 
of rotation and the excitation current. 

During normal operation this does not cause prob
lems because of the high capacity of the battery 
which, connected in parallel with the alternator out
put, is able to absorb the transient energy without a 
significant increase in voltage. 

However, motor manufactures impose the standard 
that electronic devices must be protected against 
load dump transients because it is possible for the 
connection between battery and alternator to break. 

The worst case voltage peak occurs when the bat
tery-alternator cable is disconnected with the bat
tery discharged and the motor running at its fastest 
rotation speed. In this case, the load variation is at 
a maximum and the voltage peak reaches a value 
comparable with the no-load output of the alterna
tor running at maximum speed with the maximum 
excitation current. 

Figure 2 shows a typical load dump 'waveform. 

Motor manufacturers require that voltage regulators 
are able to protect themselves and the load against 
peak voltages of 60- 1 OOV with an equivalent series 
resistance of 0.1 to 1 Q , depending on the type of 
alternator and external protection device used. 

Figure 2 : Load Drump Transient. 
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FIELD DECAY TRANSIENTS 

Field decay transients are high energy, high voltage 
negative transients. 

If the ignition switch is turned off while current is flow
ing in inductive loads (electric motors, alternator field 
coil and so on) a negative voltage transient appears 
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on the supply rail. The peak value in modulo of this 
transient is of the same order of magnitude as a load 
dump transient. In this case, too, the regulator must 
protect itself and the load. 

SWITCHING SPIKES 

Windscreen wiper motors, lamp flashers and igni
tion sparks behave as high frequency noise gener
ators with an equivalent series resistance of 50 to 
500 Q. The energy associated with these transients 
is much lower than load dump or field decay tran
sients but the negative and positive peaks can reach 
200V. Figure 3 shows the voltage waveform which 
the regulators must withstand. 

Figure 3 : Switching Spikes. 
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The dropout voltage of a linear voltage regulator can 
be defined for a given output current, lo, as the mini
mum difference between input and output voltage 
below which the output voltage is 1 OOmV lower than 
the voltage measured at Ia with the nominal input 
voltage. The current Ia must be specified since the 
dropout voltage increases as the load current in
creases. 

To obtain a dropout voltage of 0.05 to 1 V with an 
output current of 10 to SOmA, the regulator types 
L387A, L487, L47XX, L48XX, L4920, L4921, 
LM2930A and LM2931 A are configured with a PNP 
series-pass transistor as shown in figure 4. The PNP 
transistor is connected in the common emitter con
figuration and can therefore operate in saturation, 
yielding the low dropout voltage desired. 

For higher dropout values an NPN series-pass ele
ment in emitter follower configuration may be used. 
This approach, shown in Figure 5, is used in the 
L2600 series regulators which have a maximum 
dropout voltage of 1 .9V at 500mA. 



Figure 4 : PNP Series Pass Transistor in Com
mon Emitter Configuration for very Low 
Drop Out Voltage Regulators. 

IN OUT 

GND S· 6064 

Figure 5 : NPN Series Pass Transistor in Emitter 
Follower Configuration. 
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CURRENT CONSUMPTION/QUIESCENT CUR
RENT 

The circuit configurations shqwn in figures 4 and 5 
behave differently as far as concerns the current 
consumed by the device but not delivered to the 
load. In the case of figure 5, this current is that 
necessary for the functioning of the auxiliary circuitry 
of the regulator (voltage reference, op amp and so 
on). The base current of the output transistor flows 
into the load. 

In the Figure 4 circuit, in contrast, the base current 
of the output transistor does not flow through the 
load and, particularly in saturation, depends heavily 
on the load current. 

Normally lateral PNP transistors are chosen for ICs 
because they can withstand high positive and nega
tive overvoltages. When negative overvoltages at 
the input do not occur, or are eliminated by external 
protection devices, vertical PNP transistors can be 
used in place of lateral types. 

APPLICATION NOTE 

Since vertical PNP transistors have higher gain the 
current consumed in the regulator is significantly re
duced. Vertical PNP transistors will be used in fu
ture designs. 

VOLTAGE REFERENCE 

The wide operating range of input voltage (6 to 26V) 
and ambient temperature ( 40 to 125 °C) over which 
high output voltage precision is required means that 
a well stabilized voltage reference must•be used. 

All low drop regulators use bandgap type voltage 
references (see figure 6). In this structure the two 
transistors 02 and 01 have an emitter area ratio of 
10 and carry equal collector currents imposed by the 
current mirror 03, 04, Os. In these conditions the 
base-emitter voltages of 01 and 02 differ (at 25 °C) 
by: 

KT A(02) 
VsE = - 1 n -- = 60 mV 

q A(01) 

A(02) . . 
where A(Q1) = 10 (em1tter area rat1o) 

KT 
- =26mV 
q 

K = Boltzmann's constant 

T =Temperature in Kelvin 

q = Charge o,n an electron 

Figure 6 : Bandgap Voltage Reference Circuit in 
Low Drop Voltage Regulators. 
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APPLICATION NOTE 

The rejection of Vref to variations in the supply volt
age is improved by supplying the reference circuit 
from a stabilized voltage. This is achieved in the 
L26XX, L48XX, L4920, L4921, LM2930A and 
LM2931A regulators by means of a preregulator. In 
the L487, analysing the Figure 6 circuit gives: 

Vref = VsE (01) + 2 B.:1_ ll VsE (02, 01) 
R2 

To maintain Vref constant as temperature varies it 

i!l necessary that d dVTref = 0 which implies choo
Sing 
R2 2R2 60 dVsE(01) 
R1 so that R1 · T(25 ') + dT = 0 

where T(25 ') = 298 K 

d VsE (01) . If . f 
dT = negat1ve temperature coe 1c1ent o 

the base-emitter voltage. 

In L387A and L47XX regulators, in contrast, the sup
ply to the bandgap is switched from the input to the 
output as soon as the nominal output voltage is 
reached (figures 7, 8, 9). The variation in output 
voltage with temperature is shown in figure 10. 

Figure 7: Block Diagram of L2600 Series Regu-
lators. 

4/8 

734 

Figure 8 : Block Diagram of L387A and L487 Se
ries Regulators. 
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GNO 5· 8067 

Figure 9 : Block Diagram of LM29~0A, LM2931A 
and L4800 Series Regulators. 

OUT 

Figure 10: Outputs Voltage vs. Temperature. 
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PROTECTION AGAINST HIGH ENERGY 
TRANSIENTS 

To protect the LM2930A, LM2931A, L4920, L4921 
and L48XX regulators against high-voltage, high
energy positive transients the basic circuit shown in 
Figure 11 is used. Th~ zeners in this circuit limit the 
supply voltage to the maximum operating value and 
turn off the output stage. The output transistor can 
thus withstand voltages up to the BVcEs , break
down voltage. 

In the other regulators (L487, L387A, L47XX and 
L26XX) the supply to the internal circuits is also 
turned off. 

The speed of intervention of these protection 
schemes is fast enough to ensure that the regulator 
can withstand high energy transients with a rising 
slope of 1 OV/JlS without problems, interrupting nor
mal operation only moment?rily. 

Protection against negative transients is provided by 
the high series impedance of the possible current 
paths and the reverse BVsEo breakdown voltage of 
the lateral PNP transistors (BVcso). 

The breakdown voltages BVcEs and BVcso depend 
on the technology therefore the transient capability 
is± 60V, ± BOV or± 1 OOV for the various types. 

Figure 11 : Overvoltage Protection Circuit. 

IN 

5-8069 

APPLICATION NOTE 

PROTECTION AGAINST LOW ENERGY 
OVERVOLTAGES 

As shown in figure 3, the low energy overvoltages 
which the devices must resist have very brief rise 
time and can exceed the breakdown voltages. The 
protection schemes described above are therefore 
insufficient. However, since the energy associated 
with these transients is very low, the regulators can 
withstand them without problems. Nevertheless it is 
advisable to place a capacitor of around 100nF at 
the input. 

All of the low drop regulators except the L26XX 
types need a compensation capacitor at the output. 
This capacitor also provides extra filtering for low 
energy transients because it has a low impedance 
at high frequencies. 

Figure 12: Thermal Protection Circuit. 

~~------11 TRA~S~iTOR ~ 
VREF FROM 

OPAMP 

GND S-8070 

THERMAL PROTECTION 

When the junction temperature exceeds the safe 
maximum for the device a thermal protection circuit 
(figure 12) holds the output transistor off until the 
overtemperature condition has passed. 

In the figure 12 circuit the resistors R1, R2 and R3 
are calculated so that the base voltage of 01 is 
600mV, thus preventing the conduction of 01 and 
02. 

As the junction temperature increases the minimum I 
VsE for conduction of the two transistors fall until, at 
about 15 ·c, 2 VsE = 600mV, the two transistors con-
duct and 02 turns off the output transistor driver. 

CURRENT PROTECTION 

In the L487, L387A and L26XX regulators the out
put current is limited to its maximum value in the 
event of a short circuit. A special circuit acts on the 
base of the output transistor, preventing the output 
current from exceeding the limit set for the duration 
of the overload. 
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APPLICATION NOTE 

In the L4920, L4921, LM2930A, LM2931 A and 
L48XX regulators a foldback circuit (figure 13) is 
used to limit the power dissipated in both the devices 
and the load in short circuit conditions. The current 
is limited to a low value (lsc) of about 200 rnA as soon 
as it exceeds the maximum value. The output volt
age in this condition reaches a value corresponding 
to the current lsc flowing through the load. 

When the overload condition is removed the output 
voltage only returns to the nominal load value if the 
new static load line does not intersect the negative 
slope region of the curve in figure 13. If it does, the 
new operating point will be at the intersection. 

It is important to note that when power is applied, if 
the load line intersects the curve in the negative 
slope region, the regulator will operate with a lower
than-nominal voltage. This can happen with a 
passive load greater than the normal load (even if it 
is less than the maximum load IM) or with active 
loads such as a current sinker which draw more than 
lsc even at low voltages (figure 13, curve 3). 

Figure 13 : 1) Acceptable Load Line for Turn-on 
2) Unacceptable Load Line for Turn

on. 
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EXTERNAL COMPENSATION 

Since the purpose of a voltage regulator is to sup
ply a fixed output voltage in spite of supply and load 
variations, the open loop gain of the regulator must 
be very high at low frequencies. This may cause in
stability as a result of the various poles present in 
the loop. To avoid this instability dominant pole com
pensation is used to reduce phase shifts due to 
other poles at the unity gain frequency. The lower 
the frequency of these other poles, the greater must 
be the capacitor used to create the dominant pole 
for the same DC gain. 

Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequency 
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too low to be compensated by a capacitor which can 
be integrated. For the L487, L47XX, L48XX, L387A, 
LM2930A and LM2931 A external compensation is 
therefore necessary so a very high value capacitor 
must be connected from the output to ground. 

The parassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the sys
tem since its effect tends to cancel the effect of the 
pole added.ln regulators this ESR must be less than 
3Q and the minimum capacitor value is 47 F (1 00 i-!F 
for L4800 series). 

In the L2600, which uses an NPN power transistor, 
the stabilization capacitor is small enough to be in
tegrated so no output capacitor is needed. Indeed, 
if an output capacitor is used it may cause oscilla
tion unless it is greater than 100 !-!F. in which case it 
would itself be the dominant pole. If an electrolytic 
capacitor of more than 100 i-!F is used, a small ca
pacitor must not be added in parallel or with the ESR 
of the electrolytic it would from another pole, wor
sening the stability of the system. 

TURN-ON WITH CAPACITIVE LOADS 

A load which presents a significant capacity bet
ween the output and ground (including the external· 
compensation capacitor) will be seen by the regula
tor as a short circuit when power is applied. The 
regulator therefore delivers the short circuit current 
until the load capacitor has been charged to the 
nominal value. 

This factor is extremely important for the dimension
ing of the power source. Even a very small DC load 
can in such cases behave like a maximum load and 
the power drained from the supply is the sum of the 
short circuit current delivered to the load and the 
maximum current consumed in the regulator. 

Moreover, as explained above, in regulators with 
foldback protection the static load line must not 
cross the negative slope region of figure 13 or the 
output voltage will not reach the nominal value when 
power is applied. 

SPECIAL FUNCTIONS 

RESET 
The L387 A and L487 include a power on/off reset 
function which inhibits the operation of circuits sup
plied by the regulator when the output voltage is too 
low (4.75V) to guarantee correct operation of logic 
(figure 14). To avoid malfunctions a delay is also in
troduced so that the enable signal is only issued 
some time after the safe output voltage has been 
reached. 



Figure 14 : Reset Timing Waveforms. 
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The reset circuitry (figure 15) consists of : 
_ a comparator connected between the voltage 

reference and a tap of the output divider, the 
voltage of which is higher than the feedback 
voltage; 

an SCR to memorize any brief glitches in the 
output voltage that can cause some trouble 
with the logic. 

_ a delay circuit with an external capacitor 
charged by an internal current source 

APPLICATION NOTE 

This function has been integrated into the voltage 
regulator to exploit the basic advantage of taking in
formation at the source. The use of double calibra
tions can thus be avoided. 
For the correct operation of the reset function, two 
basic relations must be satisfied in all cases 

Vres max< Vaut mrn (1) 
Vres mrn > 4.75 V (2) 
where Vres max!Vres mrn are maximum/minimum va
lue for the reset signal going high-low. 

(1) means that the RESET signal must be high when 
the device is regulating 

(2) means that the RESET signal must be low when 
the output voltage goes under 95% of the nomi
nal (5V). Expressions (1) and (2) can be rewrit
ten as: 

(Vres max Vres mrn) + (Vnom Vaut mrn) (3) 
< Vnom 4.75V 

This means that the sum of all the errors in the 
worst case must be less than 5 % (250mV). 

_ absolute spread of the reference 
- error due to the load regulation (1 %max) 
_ error due to the offset of the reset compara

tor and error amplifier (0.5 %) 
_ errors due to the output divider (0.5 %) 
_ hysteresis of the comparator to speed up the 

transitions (50mV that is 1 % referred to 5V 
output) 

Figure 15 : Schematic Block Diagram of a Voltage Regulator with Reset Function. 
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APPLICATION NOTE 

VARIABLE OUTPUT VOLTAGE 

The L4920 and L4921 are structurally identical to 
L46XX series regulators except that the voltage 
divider in the feedback loop is available externally 
(figure 16). The output voltage can therefore be var
ied from 1.25V (the reference voltage) to 20V. It 
should be noted, however, that the minimum input 
voltage is 5.1 V for operation with output voltages 

below 4.5V (otherwise the internal circuits will not 
work). For output voltages above 4.5V the input volt
age must be at least equal to the output voltage plus 
the dropout voltage. The L4920 and L4921 are 
therefore low dropout regulators only for voltages 
above 4.5V. 

A value of 6 KQ is recommended for R2 to match 
the internal circuitry. 

Figure 16 : The L4920 and L4921 are Structurally Identical to L48XX Series Regulators Exceptthat the Vol
tage Divider in the Feedback Loop is Available Externally. 
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INTRODUCTION 
This Application Note provides a complete thermal 
characterization of the Multiwatt ® package (multi
lead double T0-220 -fig. 1 ). 

Characterization is performed according with recom
andations included in the G32-86 SEMI guideline, by 
means of a dedicated test pattern. It refers to : 
1. Junction to case thermal resistance Rth(J·c) 

2. Junction to ambient thermal resistance RthU·al 

3. Junction to ambient thermal impedance for sin
gle pulses and repated pulses, with different 
pulse width and duty cycle ; 

4. Thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 

Most of the experimental work is related to the ther
mal impedance, as required by the increasing use 
of switching techniques. 

Figure 1 : Multiwatt Assembly. 

EXPERIMENTAL CONDITIONS 
The thermal evaluation was performed by means of 
the test pattern P432, which is a 20K rnils2 die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den
sity IC, the total size of the element is 2K mils2 with 
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APPLICATION NOTE 

THERMAL CHARACTERISTICS 
OF THE MUL TIWATT PACKAGE 

By R. TIZIANI 

a power capability of 20W. Measurement method is 
described in Appendix A. 

Samples with the indicated characteristics were pre
pared: 

Package Multiwatt 15 leads 

Frame Matertal Copper 

Slug Thickness 1.5mm 

Slug Thermal Conductivity 3.9W/cm°C 

D1e Attach Soft (PbSn) 

Measurement of junction to case thermal resistance 
Rth(J·c) is performed by holding the package against 
a water cooled heat sink, according with fig. 2. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 

For junction to ambient thermal resistance Rth(J·a) the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 

Both DC and pulsed conditions are used ; in the sec
ond case the contribution of package thermal capa
citance is effective and transient thermal 
resistances much lower than the steady stata 
Rth(J·a) can be found, according to pulse length and 
duty cycle. 

The effect of the external heat sink is quantified, 
using as test vehicle the commercially available heat 
sink THM7023 especially developed by Thermalloy 
for the Multiwatt package, whose thermal resistance 
in still air is about 9'C/W. 

The measurement circuit shown in fig. A3 was used 
for all the thermal evaluations. 

JUNCTION TO CASE THERMAL RESIS
TANCE 

The dependance of RthU·c) on the dissipated power 
is reported in fig. 3. 

It is well known that the main contribution to Rth(J·c) 

of power packages in given by the silicon die. 
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APPLICATION NOTE 

Figure 2 : Measurement of Rth o-c)-
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Figure 3 : Rth o-c) of Multiwatt Package vs. Power 
LeveL 
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FOR DEVICES OTHER THAN THE TEST PAT
TERN P432 THE CALIBRATION CURVE OF 
FIG. 4 IS NEEDED. 

It shows the relationship between R!hO-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 
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Figure 4 : RthO-c) Thermal Resistance vs. Die Size 
and on Die dissipating Area. 
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JUNCTION TO AMBIENT THERMAL 
RESISTANCE 
In medium power applications (1.5-2W), the Multi
watt package can be used without external heat 
sink, thanks to the significant size (about 3.5cm2) of 
its integrated thermal mass. 

Its RthO-a) has two contributions : the RthO-c), mainly 
due to the silicon die (as shown in fig. 4) and the 
thermal resistance of the copper slug Rth slug-

Figure 5: RthO-aJ of Multiwatt Package vs. dissipa-
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Fig. 5 gives the relationship between Rth~·a) and the 
power dissipation level for the P432 test pattern is 
still air, on PC board and on a commercial heat sink. 

IN ORDER TO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 5 
SHOULD BE CORRECTED THROUGH THE CALI
BRATION CURVE OF FIG. 4 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2"C/W; 
THEREFORE, IT AFFECTS THE Rth~-a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED ON PC BOARD. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 

The effect of single pulses of different length and 
height for the Multiwatt package without any external 
heat sink is shown in fig. 6. 

This behaviour is discussed in Appendix B. Due to 
a significant thermal capacitance (C = 2J/"C) and 
correspondingly long risetime ('t = 80s), single pul
_ses up to 30W can be delivered to. the Multiwatt 
package for 1 s with acceptable junction tempera
ture increase. 

IN ORDER TO HAVE ACCURATE Rth (to FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 Of: THE LAST SECTION. 

Figure 6 : Transient Thermal Resistance for 
Single Pulse. 

APPLICATION NOTE 

Repetition of pulses with defined Pd, period and duty 
cycle DC (ratio betwen pulse length and signal peri
od), gives rise to oscillations in junction temperature 
as described in Appendix B. 

The transient thermal resistance corresponding to 
the upper limit of the curve of fig. B4 (peak transient 
thermal resistance) is reported in fig. 7 and depends 
on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer pulses. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (with external heat 
sink) 

Characterization has been repeated with a commer
cial heat sink (Thermalloy THM7023) in order to 
have an example of the effect of an external ther
mal mass on the impedance of the thermal module. 

Relationship between transient Rth and pulse length 
is reported in fig. 8. 

The effect of the increased thermal capacitance is 
evident in fig. 9, where thermal data of fig. 6 and 8 
are compared :it can be noticed that the curves are 
definitely different for pulses longer than 1 s, corres
ponding about to the rise time of the slug. The ef
fect of the thermal mass is to keep low the heating 
rate of the silicon die thus allowing a better power 
management of long power pulses. This conclusion 
has general validity and can be applied to other heat 
sinks than the one considered in this note. 

Figure 7 : Peak Transient Rth vs. Pulse width and 
Duty Cycle. 
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APPLICATION NOTE 

Figure 8 : Transient Rth for single pulses, with 
Heats ink. 
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APPENDIX A 
The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sensing diode 
(fig. A1). The active area is about 2000 mils2 on a 
35000mils2 chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered ; the sensing diode is placed 
at the center of this area. 

Figure A1 :Test Pattern P432 Lay-out. 
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Figure 9 : Comparison of Transient Rth for single 
pulses, with and without Heat Sink. 
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The relationship between the forward voltage Vt of 
the diode at the constant current of 1 OOf!A and the 
temperature is shown in fig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 

The measurement circuit is shown in fig. A3. Astor
age oscilloscope or a fast digital voltmeter can be 
used for recording the Vt value. 



Figure A2: Calibration Curse (sensing diode). 
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Figure A3 : Measurement Circuits. 

APPENDIX 8 -THERMAL MANAGEMENT 
IN PULSED CONDITION 

THERMAL RESISTANCE AND CAPACITANCE 

The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
81. 

To each cell of the thermal chain are associated a 
value of thermal resistance Rth CC/W) and a value 
of thermal capacitance Cth (J/'C). The former in
forms about temperature increase due to the ele
ment represented by the cell ; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship : 

y 
KxS 

APPLICATION NOTE 

where K is the thermal conductivity of the material, 
the length of the conductive path and S its section. 

Thermal capacitance Cth is the capability of heat ac
cumulation ; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib
ute to thermal capacitance). Thermal capacitance is 
given by: 

Cth = d X Ct X v 
where d is the density of the material, Ct its specific 
heat and V the volume interested to heat accumu
lation. 

The last element of the network, assumed as pure
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 
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APPLICATION NOTE 

Figure 81 : Electrical Equivalent of Multiwatt Package Mounted on the External Heatsink. 

SILICON SLUG 
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TJ 
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't=---2ms ,., s 

Each cell has its own risetime -r , given by the pro
duct of the thermal resistance and capacitance : 

-r = Rth x Cth 

The value of the time constant determines whether 
a cell approaches equilibrium rapidly of slowly : if 
Rth or Cth increases, equilibrium is reached at a 
slower rate. The following relationship is valid for 
each cell: 

.H=RthXPct[1-e'11'](1) 

Typical values of Rth, Cth and -r for Multiwatt appli
cation are shown in fig. 81. 

When power is switched on, temperature increase 
is ruled by subsequent charging of thermal capacit
ances while the value reached in the steady state 
depends on thermal resistances only. Qualitative 
behaviour of the network of fig. 81 is shown in 
fig. 82. 
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Figure 82 : Qualitative T1 increase (network of fig. 
81) for repeated Power Pulse. 
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SINGLE POWER PULSE 

When the pulse length has an assigned value, ef
fective T1 can be significantly lower than the steady 
state T1 (fig. 83.). 

Figure 83 : Effect of a Single Power Pulse. 
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For any pulse length to, a transient thermal resis
tance Rth (to) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorted pulses, Rth 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera
ture T1-max allowed to the IC from reliability conside
rations. Fig. 7 and 9 of this Application Note give 
experimental values of Rth (to) for the two cases of 
the Multiwatt package without and with external heat 
sink. 

REPEATED PULSES 

When pulses of the same height Pd are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pd X DC 

The average temperature increase is : 
L'l.Tavg = Rth X Pdavg = Rth X Pd X DC 

On the other hand, the silicon die (-r s = 1- 3ms) is 
able to follow frequencies of some KHz and junction 
temperature oscillates about the average as quali
tatively shown in fig. 84. 

The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis-

APPLICATION NOTE 

lance Rth peak) is now given by fig. 5, and can be ob
tained if pulse length and duty cycle are known ; 
Pdmax is derived from the same figure. 

Figure 84 :Junction Temperature increase for 
repeated Pulses. 

APPLICATION EXAMPLES 

EXAMPLE 1 - MAXIMUM Pd FOR SINGLE 
PULSE OF ASSIGNED LENGTH 

PROBLEM : define the maximum Pd for a single 
pulse with a length of 20ms in the case of Multiwatt 
package used without heat sink. Ambient tempera
ture is 50'C; maximum temperature is 130'C. Die 
size is 20K mils2, with dissipating area of 2K mils2 
(as in P432 test pattern). 

SOLUTION : allowed temperature increase 11 T is 
ao·c. Having a Rth(J-a) of 39"C/W, Multiwatt package 
can dissipate about 2W in steady state. From fig. 7 
the transient thermal resistance corresponding to 
one single pulse of 20ms is Rth (20ms)P432 = 

2.2"C/W. A peak of 80/2.2 = 36.3W can be applied 
to the circuit. 

EXAMPLE 2- CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 

PROBLEM : correct the results obtained in 
example 1, for assigned die size and dissipating 
area. Practical case : IC having a die size of 35K 
mils2 with a dissipating area of 20k mils2. 

SOLUTION : from fig. 5, thermal resistances of 
P432 and of the IC under consideration are Rth P432 
= 2.3"C/W and Rth(J-c)IC = 1.2"C/W. 
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As the length of the pulse is 10-15 times longer than 
the rise time of the silicon, the die (first cell of fig. 81) 
can be assumed to have reached its equilibrium 
condition. 

Rth (20ms) found in previous example has to be cor
rected in order to take into account the new value of 
Rth~·C): 

Rth (20ms)lc = Rth (20ms)P432-

- Rth(j-c)P432 + Rth(j-c)IC = 
= 2.2 - 2.3 + 1.2"C/W = 1 .1"C/W 

A single pulse of 80/1 .1 = 72W can be delivered to 
such device. 

When the pulse has the same order of silicon rise 
time 't P432 is about 1 ms) another type of correc
tion is needed. In first approximation, 't increase with 
dissipating area with the relationship : 

t1c =V20Kict2KP432 x tP432 = 3.1 ms 
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Expansion of the exponential term of relationship (1) 
limited to the first term term, is : 

Rth IC (to) = Rth P432 (to) /3.1 

for to= 1 ms: 
Rth 1c (1 ms) = 1.05/3.1"C/W = 0.34"C/W 

A single pulse of 80/0.34 = 235W can be delivered 
to such device. 

EXAMPLE 3- Rth WITH REPEATED PULSES 

PROBLEM: find the peak power which can be dissi
pated by Multiwatt package without heatsink, when 
power is continuously switched on 1 Oms and 
switched off 90ms. Ambient temperature is 50"C, 
maximum temperature is allowed to be 125"C. 

SOLUTION: a maximum LIT= 75"C has to be con
sidered. Fig. 5 indicated thatfor a pulse width of 1 Oms 
and a duty cycle of 0.1, Rth peak is 6.7"C/W. Maximum 
Pd is 75/6.7 = 11.2W, with an average temperature 
increase Ll T peak of 39 x 0.1 x 11.2 = 43"C. 



APPLICATION NOTE 

THERMAL CHARACTERISTICS OF THE 
PENTAWATT-HEPTAWATT PACKAGES 

INTRODUCTION 
This Application Note is aimed to give a complete 
thermal characterization of the Heptawatt and Pen
tawatt package (fig. 1, 2). 

Characterization is periormed according with rec
omendations included in the G32-86 SEMI guideline, 
by means of a dedicated test pattern. It refers to : 
1. Junction to case thermal resistance Rth(J-c) 

2. Junction to ambient thermal resistance Rth(J-aJ 

3. Junction to ambient thermal impedance for 
single pulses and repeated pulses, with different 
pulse width and duty cycle; 

4. thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 

Most of the experimental work is related to the ther
mal impedance, as required by the increasing use 
of switching techniques. 

Figure 1 : Pentawatt. 

Figure 2 : Heptawatt. 

AN258/0189 

By R. TIZIANI 

EXPERIMENTAL CONDITIONS 

The thermal evaluation was periormed by means of 
the test pattern P432, which is a 15k mils2 die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den
sity IC, the total size of the element is 2k mils2 with 
a power capability of 20W. Measurement method 
is described in Appendix A. 

Samples with the indicated characteristics were pre
pared: 

Package Pentawatt - Heptawatt 

Frame Material Copper 

Slug Thickness 1.25mm Typ. 

Slug Thermal Conductivity 3.9W/cmoc 

Die Attach Soft (PbSn) 

Measurement of junction to case thermal resistance 
Rth(J-cJ is periormed by holding the package against 
a water cooled heat sink, according with fig. 3. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 

For junction to ambient thermal resistance Rth(J·aJ the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 

Both DC and pulsed conditions are used ; in the sec
ond case the contribution of package thermal capa
citance is effective and transient thermal 
resistances much lower than the steady state 
Rth(J-aJ can be found, according with pulse length and 
duty cycle. 

The effect of the external heat sink is quantified, I 
using as test vehicle the commercially available heat 
sink THM7023 (Thermalloy) whose thermal resis-
tance in still air is about 9"C/W. 

The measurement circuit shown in fig. A3 was used 
for all of the thermal evaluations. 

JUNCTION TO CASE THERMAL RESIS
TANCE 

The dependance of Rth(J-cJ on the dissipated power 
is reported in fig. 4. The absolute value and the be
haviour with the dissipated power are the same for 
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both packages as the slug thickness and the die -
attach are equal. 

Figure 3 : Measurement of Rth u-c). 
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Figure 4 : Rth (J-c) of Pentawatt and Heptawatt 
Package vs. Power Level. 
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It is well known that the main contribution to RthU-c) 
of power packages is given by the silicon die. 

FOR OTHER DEVICES THAN THE TEST PAT
TERN P432 THE CALIBRATION CURVE OF FIG. 
51S NEEDED. 
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It shows the relationship between Rth(J-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 

Figure 5 : Rth (J-c) Thermal Resistance vs. Die 
Size and on Die dissipating Area. 
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JUNCTION TO AMBIENT THERMAL 
RESISTANCE 

In medium power application (1W), the Pentawatt 
and Heptawatt packages can be used without ex
ternal heat sink thanks to the significant size (about 
1.5cm2) of its integrated thermal mass. 

An effective cost solution for higher power applica
tion (1.5-2.0W) is using a copper area heat sink. 

An board with the external leads bent down as 
shown in fig. 7. 

Fig. 6 gives the relationship between Rth(J-a) and the 
power dissipation level for the P432 test pattern in 
still air, on PC board, on integrated heat sink on 
board and on a commercial heat sink. 

IN ORDER TO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 6 
SHOULD BE CORRECTED THROUGH THE CALI
BRATION CURVE OF FIG. 5 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2°C/W; 
THEREFORE, IT AFFECTS THE Rth(J-a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED IN PC BOARD. 



Figure 6 : Rth o-a) vs. dissipated Power 
(heptawatt). 

APPLICATION NOTE 

Figure 7 : Pentawatt Soldered on Copper Heatsink on P.C Board. 

TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 

The effect of single pulses of different length and 
height without any external heat sink is shown in 
fig. 8. 

This behaviour is discussed in Appendix B. Due to I 
a significant thermal capacitance (C = 1 J/'C) and a 
correspondingly long risetime (1: = 80s), single pul-
ses up to 20W can be delivered for 1 s with accept-
able junction temperature increase. 
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Figure 6 : Transient Thermal Resistance for 
Single Pulses (heptawatt). 

IN ORDER TO HAVE ACCURATE Rth(to) FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 OF THE LAST SECTION. 

Repetition of pulses with defined Pd, period and 
duty cycle DC (ratio between pulse length and sig
nal period), gives rise to oscillations in junction tem
perature as described in Appendix B. 

The transient thermal resistance corresponding to 
the upper limit of the curve of fig. 84 (peak transient 
thermal resistance) is reported in fig. 9 and depends 

Figure A1 :Test Pattern P432 Lay-out. 
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on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer pulses. 

Figure 9 : Peak Transient Rth vs Pulse width and 
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APPENDIX A 

The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sending diode 
(fig. A1 ). The active area is about 2000 mils2 on a 
15000 mils2 chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered ; the sensing diode is placed 
at the center of this area. 



The relationship between the forward voltage Vt of 
the diode at a constant current of 1 0011A and the 
temperature is shown in fig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 

The measurement circuit is shown in fig. A3. Astor
age oscilloscope or a fast digital voltmeter can be 
used for recording the Vt value. 

Figure A3 : Measurement Circuit. 
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APPENDIX B -THERMAL M·ANAGEMENT 
IN PULSED CONDITION 

THERMAL RESISTANCE AND CAPACITANCE 

The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
61. 

To each cell of the thermal chain are associated a 
value of thermal resistance Rth (C/W) and a value 
of thermal capacitance Cth (J/"C). The former in-

----------------
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Figure A2 : Calibration Curve (sensing diode). 
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forms about temperature increase due to the ele
ment represented by the cell ; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated I 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship : 

1 
Rth= -

KxS 

Where K is the thermal conductivity of the material, 
1 the length of the conductive path and Sits section. 
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Figure 81 : Electrical Equivalent of Pentawatt and Heptawatt Package mounted on the External Heatsink. 
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Thermal capacitance Cth is the capability of heat ac
cumulation ; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib
ute to thermal capacitance). Thermal capacitance is 
given by: 

Cth = d X Ct X v 
where d is the density of the material, Ct its specific 
heat and V the volume interested to heat accumu
lation. 

The last element of the network, assumed as pure
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 

Each cell has its own risetime 't, given by the pro
duct of thermal resistance and capacitance : 

't = Rth X Cth 

The value of the time constant determines whether 
a cell approaches equilibrium rapidly or slowly: if Rth 
or Cth increases, equilibrium is reached at a slower 
rate. The following relationship is valid for each cell : 

ilT = Rth x Pd x [1 - e-t/'t] (1) 

Typical values of Rth, Cth and 't for He pta watt and 
Pentawatt application are shown in fig. 81. 
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When power is switched on, temperature in
crease is ruled by subsequent charging of ther
mal capacitance while the value reached in the 
steady state depends on thermal resistance 
only. Qualitative beahaviour of the network of fig. 
81 is shown in fig. 82. 

Figure 82 : Qualittative Tj increase (network of 
fig. 81) for repeated power pulse 
(heptawatt). 
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SINGLE POWER PULSE 

When the pulse length has an assigned value, ef
fective Tj can be significantly lower than steady state 
Tj (fig. 83.). 

Figure 83 : Effect of a Single Power Pulse. 
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For any pulse length to, a transient thermal resis
tance Rth (to) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorter pulses, Rth 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera
ture T1 max allowed to the IC from reliability consider
ations. Fig. 7 and 9 of this Application Note give 
experimental values of Rth (to) for the two cases of 
the Heptawatt package without and with external 
heat sink. 

REPEATED PULSES 

When pulses of the same height Pd are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pd x DC 

The average temperature increase is : 
~Tavg = Rth x Pdavg = Rth x Pd x DC 

On the other hand, the silicon die (1 s1 = 1 + 2ms) 
is able to follow frequencies of some kHz and junc
tion temperature oscillates about the average, as 
qualitatively shown in fig. 84. 

The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis
tance Rth peak) is now given by fig. 5, and can be ob-

-- ---- -- ----
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tained if pulse length and duty cycle are known ; 
Pdmax is derived from the same figure. 

Figure 84 :Junction Temperature increase for 
operated Pulses. 

lamb 

APPLICATION EXAMPLES 

EXAMPLE 1 -MAXIMUM Pd FOR SINGLE 
PULSE OF ASSIGNED LENGTH 

PROBLEM : define the maximum Pd for a single 
pulse with a length of 20ms in the case of Heptawatt 
package used without heat sink. Ambient tempera
ture is 50"C ; maximum temperature is 130"C. Die 
size is 15k mils2, with dissipating area of 2k mils2 
(as in P432 test pattern). 

SOLUTION : allowed temperature increase ~ T is 
80°C. Having a RthQ·a) of 60"C/W, Heptawatt pack
age can dissipate about 1.3W in steady state From 
fig. 8 the transient thermal resistance correspond
ing to one single pulse of 20ms in Rth (20ms)P432 = 
2.2"C/W. A peak of 80/2.2 = 36.3W can be applied 
to the circuit. 

EXAMPLE 2 -CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 

PROBLEM :correct the results obtained in example 
1, for assigned die size and dissipating area. 

Pratical case : IC having a die size of 15k miis2 with 
a dissipating area of 10k mils2. 

SOLUTION :from fig. 5, thermal resistance of P432 
and of the IC under consideration are Rth P432 = 
2.3°C!W and Rth(J·c)IC = 1.5"C!W. 

As the length of the pulse is 1 0-15 times longer than 
the risetime of the silicon, the die (first cell of fig. B 1) 
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can be assumed to have reached its equilibrium 
condition. 

Rth (20ms) found in previous example has to be cor
rected in order to take into account the new value of 
RthO·C)· 

Rth (20ms)Jc = Rth (20ms)P432-
- Rth(j·c)P432 + Rth(J·C)IC = 

= 2.2 - 2.3 + 1.5"C/W = 1.4"C/W 

A single pulse of 80/1.4 = 57W can be delivered to 
such a device. 

EXAMPLE 3- CORRECTION FOR SINGLE 
PULSES OF 1-3ms 

PROBLEM : Correct the results of example 2, for 
pulse length of 1 ms. 

SOLUTION : when the pulse has the same order of 
magnitude of silicon rise time ('t P432 is about 1 ms) 
another type of correction is needed. In first approxi
mation it is considered that remains constant when 
the dissipating area gets higher and the Rth for the 
silicon die decreases as the reciprocal of the dissi
pating area. From relationship (1) : 
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L\ T = Rth (1 ms)P432 x 21<!1 OK x Pd x [1- e-t/'t] for to= 
1ms: 

Rthlc (1 ms) = 1.05/0.5"C/W = 0.21"C/W 

A single pulse of 80/0.21 = 380W can be delivered 
to such a device. 

EXAMPLE 4- Rth REPEATED PULSES 

PROBLEM :find the peak power which can be dissi
pated by Heptawatt package without heatsink, when 
power is continuously switched on 1 Oms and 
switched off 90ms. Ambient temperature is 50"C. 
maximum temperature is allowed to be 125"C. 

SOLUTION :a maximum L\T = 75"C has to be con
sidered. Fig. 9 indicated that for a pulse width of 
1 Oms and a duty cycle of 0.1, Rlhpeak is 8.5"C/W. 
Maximum Pd is 75/8.5 = 8.8W, with an average tem
perature increase L\Tpeak of 60 x 0.1 x 8.8 = 68"C. 

REFERENCES 
"Improved thermal evaluation, by means of a simple 
integrated structure" T. Hopkins, C. Cognetti, R. Ti
ziani- SEMI THERM (USA, 1986). 
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HANDLING AND MOUNTING ICs 
IN PLASTIC POWER PACKAGES 

Integrated circuits mounted in plastic power packages can be damaged, or reliability compromised, by inap
propriate handling and mounting techniques. Avoiding these problems is simple if you follow the suggestions 
in this section. 

Advances in power package design have made it 
possible to replace metal packages with1more econ
omical plastic packages in many high power appli
cations. Most of SGS-THOMSON Microelectronics 
power driver circuits, for example, are mounted in 
the innovative MULTIWATT® package, developed 
originally for high power audio amplifiers. Though 
the intrinsic reliability of these packages is now ex
cellent the use of inappropriate techniques or un
suitable tools during mechanical handling can affect 
the long term reliability of the device, or even dam
age it. With a few simple precautions, careful de
signers and production engineers can eliminate 
these risks, saving both time and money. 

BENDING AND CUTTING LEADS 

The first danger area is bending and cutting the 
leads. In these processes it is important to avoid 

straining the package and particularly the area 
where the leads enter the encapsulating resin. If the 
package/lead interface is strained the resistance to 
humidity and thermal stress are compromised, af
fecting reliability. 

There are five basic rules to bear in mind : 

• Clamp the leads firmly between the package and 
the bend/cut point (figure 1 ). 

• Bend the leads at least 3mm from the package 
(figure 2a). 

• Never bend the leads more than goo and never 
bend more than once (figure 2b). 

• Never bend the leads laterally (figure 2c). 

• Make sure that he bending/cutting tool does not 
damage the leads. 

Figure 1 : Clamp the Leads between the Package and Bend/cut Point. 
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Figure 2 : Bend the Leads at Least 3mm. from the Package, never Bend Leads more than goo and never I 
Attempt to Splay the Leads Out. 
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INSERTION 

When mounting the ICon a printed circuit board the 
golden rule is, again, to avoid stress. In particular : 

Adhere to the specified pin spacing of the device· 
don't try to bend the leads to fit non-standard hoi~ 
spacing. 

Leave a suitable space between the IC and the 
board. If necessary use a spacer. 

• Take care to avoid straining the device after sol
dering. If a heatsink is used and it is mounted on 
the PC board it should be attached to the IC be
fore soldering. 

SOLDERING 

The greater danger during soldering is overheating. 
If an IC is exposed to high temperature for an ex
cessive period it may be damaged or reliability re
duced. 

Recommended soldering conditions are 260°C for 
ten seconds or 350°C for three seconds. Figure 3 
shows the excess junction temperature of a PEN
TA WATT package for both methods. 

It is also important to use suitable fluxes for the sol
dering baths to avoid deterioration of the leads or 
package resin. Residual flux between the leads or 
in contact with the resin must be removed to guar
antee long term reliability. The solvent used to 
remove excess flux should be chosen with care. In 
particular, trichloroethylene (CHCI : CCI2) - base 
solvents should be avoided because the residue 
can corrode the encapsulant resin. 

Figure 3 :The Excess Junction Temperature of a 
PENTAWATT Package in the sugges
ted Soldering Conditions. 
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HEATSINK MOUNTING 
To exploit the full capability of a power device a suit
able heatsink must be used. The most important as
pect from the point of view of reliability is that the 
heatsink is dimensioned to keep the junction tem
perature as low as possible. From a mechanical 
point of view, however, the heatsink must be desi
gned so that it does not damage the I C. Care should 
also be taken in attaching the IC to the heatsink. 
The contact thermal resistance between the device 
ancj the heats ink can be improved by adding a thin 
layer of silicon grease with sufficient fluidity to en
sure uniform distribution. Figure 4 shows how the 
thermal resistance of a MUL TIWATT package is im
proved by silicone grease. 
An excessively thick layer or an excessively viscous 
silicon grease may have the opposite effect and 
could cause deformation of the tab. 

Figure 4 :The Thermal Resistance of a MULTI
WATT Package is improved by Silicon 
Grease. Here Thermal Resistance is 
plotted against Grease Thickness. 
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SGS-THOMSON plastic power packages - MULTI
WATI, PENTAWATI and VERSAWATI - are at
tached to the heatsink with a single screw. A spring 
clip may also be used as shown in figure 5. The screw 
should be properly tightened to ensure that the pack
age makes good contact with the heatsink. It should 
not be too tight or the tab may be deformed, breaking 
the die or separating the resin from the tab. 

The appropriate tightening torque can be found by 
plotting thermal resistance against torque as shown 
in figure 6. 
Suggested tightening torques for 3MA screws are 
8Kg/crri for VERSAWATI, PENTAWATT and 
M UL TIWATT packages. If different screws, or sping 
clips, are used the froce exerted by the tab must be 
equivalent to the force produced with these recom
mended torques. 

Even if the screw is not overtightened the tab can 
be deformed, with disastrous results. If the surface 
of the heatsink is not sufficiently flat. The planarity 
of the contact surface between device and heats ink 
must be better than 50f.!m for PENTAWATT and 
VERSAWATT packages and less than 40f.!m for 
MUL TIWATT packages. 

Figure 5: MULTIWATI, PENTA WATT and VER
SA WATT Packages are attached to 
the Heatsink with a Single Screw or a 
Spring Clip. 
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Figure 6 : Contact Thermal Resistance depends 
on Tightening Torque. 
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Figure 7: The Heatsink Tab may be deformed it 
a Washer or a Wide-headed Screw is 
not used. 

Similar problems may arise if the screwhead is too 
narrow compared to the hole in the heats ink (figure 7). 

The solution here is to use a washer to distribute the 
pressure over a wider area. An alternative is to use 
screws of the type shown in figure 8 which have a 
wide flat head. When self-tapping screws are used 
it is also important to provide an outlet for the ma
terial deformed as the thread is formed. Poor con
tact will result if this is not done. Another possible 
hazard arises when the hole in the heatsink is 
formed with a punch :a circular depression may be 
formed around the hole, leading to deformation of 
the tab. This may be cured by using a washer or by 
modifying the punch. 
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Figure 8 : The recommended Screw Type Looks 
Like this. 
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Serious reliability problems can be encountered if 
the heatsink and printed circuit board are not rigid
ly connected. Either the heatsink must be rigidly at
tached to the printed circuit board or both must be 
securely attached to the chassis. If this is not done 
the stresses and strains induced by vibration will be 
applied to the device and in particular to the 
lead/resin interface. This problem is more likely to 
arise when large boards and large heatsinks are 
used or whenever the equipment is subjected to 
heavy vibrations. 
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DESIGNING WITH THERMAL IMPEDANCE 
BY T.HOPKINS, C.COGNETTI, R.TIZIANI 

REPRINT FROM "SEMITHERM PROCEDINGS" S.DIEGO (U.S.A.) 1988. 

ABSTRACT 
Power switching techniques used in many modern 
control systems are characterized by single or repe
titive power pulses, which can reach several hun
dred watts each. In these applications where the 
pulse width is often limited to a few milleseconds, 
cost effective thermal design considers the effect of 
thermal capacitance. When this thermal capacit
ance is large enough!, it can limit the junction tem
perature to within the ratings of the device even in 
the presence of high dissipation peaks. This paper 
discusses thermal impedance and the main par
ameters influencing it. Empirical measurements of 
the thermal impedance of some standard plastic 
packages showing the effective thermal impedance 
under pulsed conditions are also presented. 

INTRODUCTION 
Power switching applications are becoming very 
common in many industrial, computer and automo
tive ICs. In these applications, such as switching 
power supplies and PWM inductive load drivers, 
power dissipation is limited to short times, with 
single or repeated pulses. The normal description 
of the thermal performance of an IC package, 
Rth(j -a) (junction to ambient thermal resistance), is 
of little help in these pulsed applications and leads 
to a redundant and expensive thermal design. 

This paper will discuss the thermal impedance and 
the main factors influencing it in plastic semiconduc
tor packages. Experimental evaluations of the ther
mal performance of small signal, medium power, 
and high power packages wil be presented as case 
examples. The effects of the thermal capacitance of 
the packages when dealing with low duty cycle 
power dissipation will be presented and evaluated 
in each of the example cases. 

THERMAL IMPEDANCE MODEL FOR 
PLASTIC PACKAGES 

The complete thermal impedance of a device can 
be modeled by combining two elements, the ther
mal resistance and the thermal capacitance. 

AN261/0189 

The thermal resistance, Rth, quantifies the capa
bility of a given thermal path to transfer heat. The 
general definition of resistance of the thermal path, 
which includes the three different modes of heat 
dissipation (conduction, convection and radiation), 
is the ratio between the temperature increase above 
the reference and the heat flow, DP, and is given by 
the equation : 

dT dT 
Rth=--

dP dQ 

dt 

Where : dO = heat 
dt =time 

Thermal capacitance, Cth. is a measure of the ca
pability of accumulating heat, like a capacitor accu
mulates a charge. For a given structural element, 
Cth depends on the specific heat, c, volume V, and 
density d, according to the relationship : 

Cth=CdV 

The resulting temperature increase when the ele
ment has accumulated the heat Q, is given by the 
equation: 

dT=d0/Cth 

The electrical analogy of the thermal behaviour or 
a given application consisting of an active device, 
package, printed circuit board, external heat sink 
and external ambient is a chain of RC cells, each 
having a characteristic time constant : 

't= RC 

To show how each cell contributes to the thermal 
impedance of the finished device consider the sim- I 
plified example shown in figure 1. The example de-
vice consists of a dissipating element (integrated 
circuit) soldered on a copper frame surrounded by 
a plastic compound with no external heat sink. Its 
equivalent electrical circuit is shown in figure 2. 

The first cell, shown in figure 2, represents the ther-
mal characteristics of the silicon itself and is charac-
terized by the small volume with a correspondingly 
low thermal capacitance, in the order of a few mJ/C. 
The thermal resistance between the junction and 
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the silicon/slug interface is of about 0.2 to 2 "C/W, 
depending on die size and on the size of the dissi
pating elements existing on the silicon. The time 
constant of this cell is typically in the order of a few 
milliseconds. 

The second cell represents the good conductive 
path from the silicon/frame interface to the frame pe
riphery. In power packages, where the die is often 
soldered directly to the external tab of the package, 
the thermal capacitance can be large. The time con
stant for this cell is in the order of seconds. 

From this point, heat is transferred by conduction to 
the molded block of the package, with a large ther
mal resistance and capacitance. The time constant 
of the third cell is in the order of hundreds of sec
onds. 

After the plastic has heated, convection and radia
tion to the ambient starts. Since a negligible capa
citance is associated with this phase, it is 
represented by a purely resistive element. 

Figure 1 : Simplified Package Outline. 

MOLD 
....------- CHIP 

~FRAME 

5-10621 

When power is switched on, the junction tempera
ture increase is ruled by the heat accumulation in 
the cells, each following its own time constant ac
cording with the equation : 

1:!. T = Rth Pct [1 - e(Vt)J 

The steady state junction temperature, T1, is a func
tion of the Rth o a) of the system, but the tempera
ture increase is dominated by thermal impedance in 
the transient phase, as is the case in switching ap
plications. 

A simplified example of how the time constants of 
each cell contribute to the temperature rise is shown 
in figure 3 where the contribution of the cells of 
figure 2 is exaggerated for a better understanding. 

When working with actual packages, it is observed 
that the last two sections of the equivalent circuit are 
not as simple as in this model and possible changes 
will be discussed later. However, with switching 
times shorter than few seconds, the model is suffi
cient for most situations. 

Figure 2 : Equivalent Thermal Circuit of Simplified. 

Rths1 R thframe- R thmold 
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Figure 3 :Time Constant Contribution of Each Thermal Cell (qualitative example). 
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EXPERIMENTAL MEASUREMENTS 
When thermal measuremWJts on plastic packages 
are performed, the first consideration is the lack of 
a standard method. At present, only draft specifica
tions exist, proposed last year and not yet standar
dized (1). 

The experimental method used internally for evalu
ations since 1984 has anticipated these preliminary 
recomendations to some extent, as it is based on 
test patterns having, as dissipating element, two 
power transistors and, as measurement eleme_n!, a 
sensing diode placed in the thermal plateau ansmg 
when the transistors are biased in parallel. 

Figure 4. 

APPLICATION NOTE 

The method used has been presented elsewhere 
(2) for the pattern P432 (shown in figure 4), which 
uses two small (1 000 sq mils) bipolar power tran
sistors and has a maximum DC power capability of 
40 W (limited by second breakdown of the dissipat
ing elements). 

A similar methodology was followed with the new 
H029 pattern, based on two D-Mos transistors (3) 
having a total size of 17.000 sq mils and a DC power 
capability of 300 W on an infinite heat sink at room 
temperature (limited by thermal resistance and by 
max operating temperature of the plastics). 

a) P432 Test Die 

D.C. 
SUPPLY 

D.C. 
SUPPLY 

PULSE 
GENERATOR 

b) P432 Measurement System 

D.C. 
SUPPLY 

FAST 
DVM 

STORAGE 
SCOPE 
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Using the thermal evaluation die, four sets of 
measurements were performed on an assortment 
of insertion and surface mount packages produced 
by SGS-Thomson Microelectronics. The complete 
characterization is available elsewhere (4). The four 
measurements taken were : 

Figure 5. 

1) Junction to Case Thermal Resistance (Power 
Packages) 

2) Junction to Ambient Thermal Resistance 
3) Transient Thermal Impedance (Single Pulse) 
4) Peak Transient Thermal Impedance (Repeated 

Pulses) 

a) H029 Test Die 

D.C. 
SUPPLY 
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b) H029 Measurement System 
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Figure 6 : Set-up for Rth u- c) Measurement 

PRESSURE CLIPPING 

CONNECTION 
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GREASE 

The junction to case thermal resistance measure
ments were taken using the well known setup shown 
in figure 6 where the power device is clamped 
against a large mass of controlled temperature. 

The junction to ambient thermal resistance in still air, 
was measured with the package soldered on stan
dard test boards, described later, and suspensed in 
1 cubic foot box, to prevent air movement 

The single pulse transient thermal impedance was 

5-97115 

THERMOCOUPLE 

measured in still air by applying a single power pulse 
of duration to to the device. The exponential tem
perature rise in response to the power pulse is 
shown qualitetively in figure 7. In the presence of 
one single power pulse the temperature, L'> T max, 
reached at time to, is lower than the steady state 
temperature calculated from the junction to ambient 
thermal resistance. The transient thermal imped
ance Ro, is obtained from the ratio L'> T max/Pd. 

Figure 7 : Transient Thermal Response for a Single Pulse. 
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The peak transient thermal impedance for a series 
of repetitive pulses was measured by applying a 
string of power pulses to the device in free air. When 
power pulses of the same height, Pd, are repeated 
with a given duty cycle, DC, and the pulse length, 
!p, is shorter than the total time constant of the sys
tem, the train of pulses is seen as a contiuous source 
with mean power level given by the equation : 

Pdavg = Pd DC 

Figure 8 : Transient Thermal Response for 
Repetitive Pulses. 

lmln 
---YK1\J\: 

' I 

Tamb --i-----,----------
pd 

On the other hand, the silicon die has a thermal time 
constant of 1 to 2 ms and the die temperature is able 
to follow frequencies of some kHz. The result is that 
T1 oscillates about the average value : 

8T1avg = Rth Pdavg 

The resulting die temperature excursions are shown 
qualitatively in figure 8. The peak thermal imped
ance, Rthp. corresponding to the peak temperature, 
DT max, at the equilibrium can be defined : 

Rthp = 8T max/Pd = F (!p, DC) 
The value of Rthp is a function of pulse width and duty 
cycle. Knowledge of Rthp is very important to avoid a 
peak temperature higher than specified values 
(usually 150'C). 

EXPERIMENTAL RESULTS 
The experimental measurements taken on several 
of the packages tested are summarized in the fol
lowing sections. 

MUL TIWATT PACKAGE 
The MULTIWATT (R) package, shown in figure 9a, is 
a multileaded power package in which the die is at
tached directly to the tab of package using a soft solder 
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(Pb/Sn) die attach. The tab of the package is a 1.5 
mm thick copper alloy slug. The thermal model of the 
MULTIWATT, shown in figure 9b, is not much differ
ent from that shown in figure 2. The main difference 
being that when heat reaches the edge of the slug, 
two parallel paths are possible ; conduction towards 
the molding compound, and convection and radiation 
towards the ambient. After a given time, convection 
and radiation laked place from the plastic. 

Figure 9. 

a) MUL TIWATT Assembly 

b) Equivalent Thermal Circuit 

Rthst 

R th 
C th s• C th frame -- lamb 

s ~10&15 

Using the two test die, the measured junction to 
case thermal resistance is : 

P432 Rth ~ c) = 2'C/W 

H029 Rth ~ c)= 0.4'C/W 

The measured time constant is approximately 1 ms 
for each of the two test patterns, but the two devices 
have a different steady state temperature rise. 



The second cell shown in figure 9 is dominated by 
the large thermal mass of the slug. The thermal re
sistance of the slug, Rthslug is about 1 ac/W and the 
thermal time constant of the slug is in the order of 1 
second. 

The third RC cell in the model has a long time con
stant due to the mass of the plastic molding and its 
low thermal conductivity. For this cell the steady 
state is reached after hundreds of seconds. 

For the MUL TIWATT the DC thermal resistance of 
the package in free air, Rth 1 a, is 36 °C/W with the 
P432 die and 34SC/W with the H029 die. 

Figure 10 shows the single pulse transient thermal 
impedance for the MUL TIWATT with both the P432 
and H029 test die. As can be seen on the graph, the 
package is capable of high dissipation for short peri
ods of time. For a die like the H029 the power de
vice is capable of 700 to BOO W for pulse widths in 
the range of 1 to 1 0 ms. For times up to a few sec
onds the effective thermal resistance for a single 
pulse is still in the range of 1 to 3 °C/W. 

The peak transient thermal impedance for the 
MUL TIWATT package containing the P432 die in 
free air is shown in figure 11 . 

APPLICATION NOTE 

POWER DIP PACKAGE 

The power DIP package is a derivative of standard 
small signal DIP packages with a number of leads 
connected to the die pad for heat transfer to exter
nal heat sinks. With this technique low cost heat 
sinks can be integrated on the printed circuit board 
as shown in figure 12a. The thermal model of the 
power DIP, shown in figure 12b accounts for the ex
ternal heat sink on the circuit board by adding a sec
ond RC cell in parallel with the cell corresponding to 
the molding compound. 

In this model, the second cell has a shorter time con
stant than for the MUL TIWATT package, due in 
large part to the smaller quantity of copper in the 
frame (the frame thickness is 0.4 mm compared to 
1.5 mm). Thus the capacitance is reduced and the 
resistance increased. 

The increased thermal impedance due to the frame 
can partially be compensated by a better thermal 
exchange to the ambient by adding copper to the 
heat sink on the board. The DC thermal resistance 
between the junction and ambient can be reduced 
to the same range as the MUL TIWATT package in 
free air, as shown in figure 13. 

Figure 10 : Transient Thermal Response MUL TIWATT Package. 

on die dl ~ipoling ca - 1&.6 e ~q.mi 1:5 

Pd • 2 IJa l rrounled on board 

0.001 0.01 0.1 1B 180 1BBB 

TJI"E OR PULSE UIDT\l C s l 

7/14 

765 

I 



APPLICATION NOTE 

Figure 11 : Peak Thermal Resistance MUL TIWATT Package. 
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a) Power DIP Package b) Equivalent Thermal Circuit 
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Figure 13 : Rth (j - a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip. 
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As a comparison, figure 14 compares the thermal 
performance of the power DIP and the MUL TIWATT 
package. It is clearly seen that even though the DC 

thermal resistance may be similar, the MUL TIWA TT 
is superior in its performance for pulsed applica
tions. 

Figure 14: Transient Thermal Impedance for Single Pulses in Power DIP and MUL TIWATT 
Packages. 
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STANDARD SIGNAL PACKAGES 

In standard, small signal, packages the easiest ther
mal path is from the die to the ambient through the 
molding compound. However, if a high conductivity 
frame, like a copper lead frame, is used another path 
exists in parallel. Figure 15 shows the equivalent 
thermal model of such a package. The effectiveness 
of a copper frame in transferring heat to the board 

Table 1 : Thermal Resistance of Signal Packages 

can be seen in the experimental results in DC con
ditions. 

Table 1 shows the thermal resistance of some 
standard signal packages in two different condi
tions ; with the device floating in still air connected 
to the measurement circuit by thin wires and the 
same device soldered on a test board. 

Package Frame Thickness & Material Rth (j-a) Floating °C/W on Board 

DIP 8 (0.4 mm Copper) 

DIP 14 (0.4 mm Copper) 

DIP 16 (0.4 mm Copper) 

DIP 20 (0.4 mm Copper) 

DIP 14 (0.25 mm Copper) 

DIP 20 (0.25 mm Copper) 

DIP 24 (0.25 mm Copper) 

DIP 20 (0.25 mm Alloy 42) 

so 14 (0.25 mm Copper) 

PLCC 44 (0.25 mm Copper) 

The transient thermal resistance for single pulses 
for the various packages are shown in figures 16 
through 20. 

The results of the tests, as shown in the preceding 
figures, show the true capabilities of the packages. 
For example, the DIP 20 with a Alloy 42 frame is a 
typical package used for signal processing applica
tions and can dissipate only 0.5 to 0.7 Win steady 
state conditions. However, the transient thermal im
pedance for short pulses is low (11 C/W for tp = 
100 ms) and almost 7 Watts can be dissipated for 
100 ms while keeping the junction temperature rise 
below80°C. 

The packages using a 0.4 mm Copper frame have 
a low steady state thermal resistance, especially in 

Figure 15. 

t 

s -10627 

a) DIP Package Mounted on PCB 

10/14 

768 

125-165 78-90 

98-128 64-73 

95-124 62-71 

85-112 58-69 

115-147 84-95 

100-134 76-87 

67-84 61-68 

158-184 133-145 

218-250 105-180 

66-83 48-72 

the case of the DIP 20. The thicker lead frame in
creases the thermal capacitance of the die flag, 
which greatly improves the transient thermal imped
ance. In the case of the DIP 20, which has the lar
gest die pad, the transient Rth for 1 00 ms pulses is 
about 4.3°C/W. This allows the device to dissipate 
an 18 Watt power pulse while keeping the tempera
ture rise below 80°C. 

As with the previous examples the peak transient 
thermal impedance for repetitive pulses depends on 
the pulse length and duty cycle as shown in figure 
14. With the signal package, however, the effect of 
the duty cycle becomes much less effective for longer 
pulses, due primarily to the lower thermal capacit
ance and hence lower time constant of the frame. 

r, 

P th mold 

Tamb 

b) Equivalent Thermal Circuit DIP 
Package on PCB 
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Figure 16 :Transient Thermal Impedance DIP 20 (alloy 42). 
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Figure 18 :Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages. 
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Figure 19 :Transient Thermal Impedance 0.25 mm Frame PLCC Package. 
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Figure 20 : Transient Thermal Impedance 0.25 mm Copper Frame 8014 Package. 
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CONCLUSION 

This paper has discussed a test procedure for 
measuring and quantifying the thermal characteris
tics of semiconductor packages. Using these test 
methods the thermal impedance of standard inte
grated circuit packages under pulsed and DC con
ditions were evaluated. From this evaluation two 
important considerations arise : 

1) The true thermal impedance under repetitive 
pulsed conditions needs to be considered to main
tain the peak junction temperature within the rating 
for the device. A proper evaluation will result in junc
tion temperatures that do not exceed the specified 
limits under either steady state or pulsed conditions. 

2) The proper evaluation of the transient ~hermal 
characteristics of an application should take mto ac
count the ability to dissipate high power pulses 

14/14 

772 

allowing better thermal design and possibility reduc
ing or eliminating expensive external heat sinks 
when they are oversized or useless. 
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THERMAL MANAGEMENT IN SURFACE MOUNTING 

The evolutionary trends of integrated circuits and 
printed circuits boards are, in both cases, towards 
improved performance and reduced size. From 
these points of view, a factor of major importance 
has been mutual thermal interaction between ICs, 
even those with low dissipation. 

It follows then that thermal design of medium and 
high density applications has evolved to include fac
tors such as power effects, die size, package ther
mal resistance, integration level of active devices 
and substrate type. Added to this a trend towards 
greater use of switching techniques exists. 

Today, in order to design reliable application cir
cuits, it is necessary to have complete data on pack
age thermal response characteristics. In fact, it is a 
well known and long established fact that device life
time has an exponential relationship with junction 
temperature. 

PRELIMINARY CONSIDERATIONS 

Heat dissipation for DIPs with a low thermal conduc
tivity frame (e.g. Alloy42) is due to convection and 
irradiation from an emiting area corresponding to 
the silicon die and the package die pad. 

Since heat transmission through the lead frame is 
very poor, dissipation does not depend greatly on 
substrate type. In fact, samples soldered on printed 
circuit boards, or inserted in connectors have near
ly the. same dissipation capability as samples sus
pended in air. The difference, in the range of just 
10%, is commonly ignored and specifications for in
sertion ICs only give one thermal resistance value, 
which is more than adequate for good thermal de
sign. 

The question then arises, is the approximation valid 
for SO and PLCC packages ? 

The answer is no! Thermal characteristics for these 
devices are influenced by many factors. 

1) Device Related Factors 

• size of the dissipating element 

• dissipation level 

• pulse length and duty cycle 

AN262/0189 

2) Package Related Factors 

• thermal conductivity of the frame 

• frame design 

3) Substrate Related Factors 

• thermal conductivity of the substrate 

• layout 

Therefore a number of parameters can change the 
thermal characteristics. These cannot be described 
by a single thermal resistance, in fact a set of ex
perimental curves gives the best presentation. 

JUNCTION TO AMBIENT THERMAL 
RESISTANCE RthO·a) 

Rth(J·a) represents the thermal resistance of the sys
tem and comprises the silicon die, the package, and 
any thermal mass in contact with the package to 
dissipate heat to the ambient. 

At a given dissipation level Pd, the increase in junc
tion temperature 6T1 over ambient temperature Ta 
is given by: 

6 Ti = Rth(J·a) x Pd 
Rth(J·a) is made up of many elements both within the 
device and extemal to it. 
If the device is considered alone, Rth(J·a) is given by 
the dissipation path from the silicon die to the lead
frame, to the molding compound, to the ambient. 
Experimental values are very large in this con
dition, especially for small packages such as 
Small Outline types. 
However, this situation is not met in practice and ex
perimental data included in the present work indi-
cates the worst case (floating samples). In most I 
applications, Surface Mount Devices are soldered 
onto a substrate (commonly epoxy glass (FR4) and 
are in thermal contact with it through the soldered 
joints and the copper interconnections. In this case, 
the heat generated by the active circuit is transferred 
to the leadframe and then to the substrate. A new 
dissipation path thus exists in parallel with the pre-
vious one whose efficiency depends on the thermal 
conductivity of the frame and on the length of the 
printed circuit's copper tracks. Figure A shows the 
experimental module. 
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APPLICATION NOTE 

Figure A : Device Soldered to the Best Board, for 
Junction to Ambient Thermal Resistan
ce Measurement. 
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TEST DEVICE 

TEST BOARD 
~ 

CONNECTION 
PINS 

JUNCTION TO CASE THERMAL RESIS
TANCE Rth(J-c) 

Rth(J-c) is the thermal resistance from the junction to 
a given area of the peackage's external surface 
where a heatsink is applied. 
In signal packages, a suitable area is its upper sur
face. Measurements are made with the samples 
in good thermal contact with an infinite heatsink 
(fig. B). 

Figure 8 :Junction to Case Thermal Resistance 
Measurement. 

PRESSURE CLIPPING 

WATER-COOLED 
COPPER- BLOCK 

THERMOCOUPLE 

S-9750 

When a heatsink of thermal resistance Rhs is attached 
to the package, the following relationship is valid : 

Rhs X R• 
Rth(J-a) = Rth(J-c) + 

Rhs + R' 

Where R. takes into account all the other dissipation 
paths (i.e. junction/frame/substrate). R. is the lowest 
with low thermal conductivity frames. 
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In high power applications R. " Rhs and Rth(J-a) 
= Rth(J--c) + Rhs 

JUNCTION TO PIN THERMAL RESISTAN
CE Rth(J-p) 

In medium power packages Rth(J-p) is the thermal re
sistance of the heat transfer leads, from the junction 
to the external heatsink. In most cases the external 
heatsink is integrated on the board. Figure C shows 
the experimental setup. 

Figure C : Junction to Pin Thermal Resistance 
Measurement. 

PRESSURE CLIPPING 

THERMOCOUPLE 

TRANSIENT THERMAL RESISTANCE FOR 
SINGLE PULSES 

The electrical equivalent of heat dissipation for a 
module formed by an active device, its package, a 
PCB and the ambient, is a chain of RC cells, as 
shown in fig. D, each with a characteristic rise time 
('t) = RC. 

Figure D : Equivalent Thermal Circuit Simplified 
Package. 
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The thermal capacitance of each cell is a measure 
of its ability to accumulate heat and depends on the 
specific heat, volume and density of the constituent 
materials. 

When power is switched on, the junction tempera
ture after time it is governed by the heat impedance 
of the cells, each of which follows its own time con
stant - this is analogous to the exponential charge 
of RC cells in an electrical circuit. 

For a pulse lenght to, the effective T1 can be signifi
cantly lower than the steady state T1 (fig. E) and the 
transient thermal resistance Rth(to) can be defined 
from the ratio between the junction temperature at 
the end of the pulse and the dissipated power. 

Figure E :Temperature Rise for Single Power 
Pulse. 

--- ~~-=-----~-
] _____ I.____ __ _ 

S-97Bl. 

Obviously, this parameter is smaller for shorter pul
ses and higher power can be dissipated without ex
ceeding the maximum junction temperature defined 
from a reliability point of view. 
The knowledge of transient thermal data is an im
portant tool for cost effective thermal design of 
switching applications. 

PEAK TRANSIENT THERMAL RESISTAN
CE FOR REPEATED PULSES 
When pulses of the same height Pd are repeated 
with a duty cycle, DC, and a pulse width to, which is 
shorter than the overall system time constant, the 
train of pulses is seen as a continuous source of 
mean power Pdavg, where : 
Pdavg = Pd x DC 
However the silicon die has a time constant in the 
order of i to 2ms and is able to follow frequencies 
in the kHz range. Thus junction temperature oscil
lates about an average value given by : 
T1avg = Rth X Pdavg 
as is graphically shown in fig. F. 

APPLICATION NOTE 

Figure F: Temperature Rise for Repeated Power 
Pulses. 

The thermal resistance corresponding to the peak 
of the steady state oscillations (peak thermal resis
tance indicates the maximum temperature reached 
by the junction and, depending on duty cycle and 
pulse width, may be much lower than the DC ther
mal resistance. 

EXPERIMENTAL METHOD 
Measurements were performed by means of the es
pecially developed thermal test pattern P432, which 
is designed according to the Semiconductor Equip
ment and Materials Institute (SEMI) G32 guideline. 
Test chip P432 is based on a dissipating element 
formed by two npn transistors, each with i OW power 
capability, and one sensing diode (fig. G). The diode 
is placed on the temperature plateau generated 
when the two transistors are biased in parallel, and 
gives the actual junction temperature T1 of the dissi
pating element, through the calibration curve (fig. H) 
of its forward voltage Vf versus temperature at a 
constant current of i 00!-!A. 

Figure G :Thermal Test Pattern P432. 
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APPLICATION NOTE 

Figure H :Calibration Curve of P432 Tempera
ture Sensing Diode. 
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Transistor size is intentionally limited to 1 OOOsq. 
mils, in order to simulate high power density, char
acterizing a worst case. Die size, which is found to 
have little influence on thermal resistance when a 
copper frame is used, is slightly smaller than the die 
pad size and never exceeds 30k sq mils even in the 
largest packages such as high pin count PLCCs. 

The measurement setup is shown in fig. L it is com
patible with DC and AC supplies and has an accu
racy of better than 5%. 

Figure I : Experimental Setup. 

The advantages offered by the test pattern are : 

• high power capability 

repeatable Vt and temperature coefficient 
(1.9mv/C) of the sensing element 

high resolution in pulsed conditions (1 OOJls) 

• better correlation from one package to another. 
Both Alloy 42 and copper frames were considered 
for narrow SO packages (150mils body). For wide 

Figure J :Test Board Lay-out for SO Packages 
(150 mils body width) 
Board size is : 23 x 42mm2. 

Figure K : Test Board Lay-out for SO Packages 
(3000 mils body width) 
Board size is 38 x 43mm2. 

Figure K :Test Board for PLCCs 
Board size is 58 x 58mm2. 

SO (300mils body) and PLCC packages only cop- ' 
per frames were examined. Suitable test boards 
were developed (figs J, K and L). 
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MEDIUM POWER PACKAGES 

While surface mount signaiJCs are readily available, 
almost all power ICs are still assembled in traditional 
insertion packages. 

Medium power SM packages (Pd < 2W) can read
ily be derived from existing small outline and chip 
carrier packages by modifying the leadframe - in 
much the same way that Powerdip packages were 
derived from standard Dips. 

This approach is particularly attractive because the 
external dimensions of the package are identical to 
existing low power packages, allowing the use of 
standard automatic assembly and test equipment. 
Frame modification is aimed at obtaining a low junc
tion to pin thermal resistance path for the transfer of 
heat to a suitable external heatsink. A number of 
leads are connected to the die pad for this purpose. 
Two possibilities are considered here : a medium 
power PLCC44 with 11 heat transfer .leads (fig. M) 
and a medium power 8020 with 8 heat transfer 
leads (fig. N). 

A cost effective heat spreader can be obtained on 
the board by means of suitably dimensioned copper 
areas. The heat transfer leads are soldered to there 
areas (fig. M1, N1 ). 

Figure M : Lead Frame for Medium Power 
PLCC44. 

APPLICATION NOTE 

Figure N : Lead Frame for Medium Power 8020. 

Figure M1 :Test Board for Medium Power 
PLCC44. 

Figure N1 :Test Board for Medium Power 8020. 
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APPLICATION NOTE 

THERMAL DATA OF SIGNAL PACKAGES 

SUMMARY OF JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSI
PATION (SGS-THOMSON test board) 

Die Size {millinches) Power PO [W] Rth(J·a) [°C/W] on Board 

SOB Alloy 42 90 X 100 0.2 250-310 
Copper 94 X 125 0.2 130-180 

8014 Alloy 42 98 X 100 0.3 200-240 
Copper 78 X 118 0.5 120·160 
Copper 98 X 125 0.7 105-145 

8016 Alloy 42 98 X 118 0.3 180-215 
Copper 94 X 185 0.5 95·135 

S016W Copper 120 X 160 0.7 90-112 

8020 Copper 140 X 220 0.7 77-97 

PLCC-20 Cu 180 X 180 0.7 90·110 

PLCC-44 Cu 260 X 260 1.5 50-60 

PLCC-68 Cu 425 X 425 1.5 40-46 

PLCC-84 Cu 450 X 450 2.0 36-41 

Rth(J·•) values correspond to low and high board density 

SUMMARY OF JUNCTION TO CASE THERMAL RESISTANCE 

Die Pad Size {millinches) Rth(J·a) [°C/W] 

PLCC20 140 X 140 25 

PLCC44 260 X 260 13 

PLCC68 425 X 425 10 

PLCC84 450 X 450 9 

JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSIPA
TION 

Figure 1 : SOB. Figure 2: S014. 
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Figure 3 : 8016. 
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Figure 5 : PLCC20. 
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Figure 7 : PLCC68. 
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Figure 4 : 8020. 
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APPLICATION NOTE 

JUNCTION TO AMBIENT THERMAL RESISTANCE VS BOARD LAY-OUT 
(area of copper tracks on the board) 

Figure 9 : S016. 
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Figure 11 : PLCC44. 
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Figure 10: 8020. 
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APPLICATION NOTE 

TRANSIENT THERMAL RESISTANCE FOR SINGLE PULSES 

Figure 13: 808. 

R1h 
I"C/W 

100 

60 

40 

10 

10 

) 

MB'?TIZ lt. 

SINGl.E PULSE 
1---MOUNTED ON SMPCBI BOARD -Ptot :IW 

r----

/ 

v 
/ IE SIZE= 60x90sq. mtls 

rE R\JJ:9l. x12Ssq mtls -v pN DIE Ad = 2000sq. mtls 

10 

Figure 15 : 8020. 
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APPLICATION NOTE 

PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES 

Figure 19: 8014. 
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Figure 21 : PLCC44. 
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APPLICATION NOTE 

THERMAL DATA OF MEDIUM POWER PACKAGES 

Rth(J·Pl [°C/W] (AVERAGE) Rth(t-a)' (°C/W) 

so (12 + 4 + 4) 14 50 

PLCC (33 + 11) 12 41 

' w1th 6 sq em on board heat-s1nk 

JUNCTION TO PINS THERMAL RESISTANCE VS ON DIE DISSIPATING AREA 

Figure 24: SO (12 + 4 + 4). 
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APPLICATION NOTE 

Figure 27 : PLCC (33 + 11). 
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TRANSIENT THERMAL RESISTANCE FOR SINGLE PULSES 

Figure 28: SO (12 + 4 + 4). 
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Figure 30 : PLCC (33 + 11 ). 
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APPLICATION NOTE 

PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES. 

Figure 31 : PLCC (12 + 4.,. 4). 
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APPLICATION EXAMPLES OF THERMAL 
DATA 

Good thermal design begins w1th system and relia
bility considerations. This turn is based on correct 
consideration of ambient and device temperature 
parameters. 

The ambient temperature T a defined for applications 
can range from 50 to 55°C, as is common in many 
consumer and computer applications, through to 
80°C or more in applications such as automotive sys
tems. The ambient temperature depends on the vari
ous heat and cooling sources surrounding the device. 
An important factor in device lifetime is juncfion tem
perature -lifetime is approximately halved when junc
tion temperature T1 is increased by 1 0°C. The 
maximum junction temperature commensurate with 

EXAMPLE 1 : Maximum dissipation for 5016 
packaged device soldered onto an FR4 board 
(1 oz copper) under the following conditions : 
• Ambient temperature: Ta = 70°C 

• Maximum Junction Temperature : T1max = 130°C 

The average length of the 12mils wide copper line 
connected to each pin is 80mils, soldering pads are 
30 x 40mils. The total are is thus : 

A= ((80 x 12) + 1200 x 16] = 34560sq.mils 

Figure 32 : PLCC (33 + 11 ). 
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good reliability, takes into account the activation en
ergy of the failure mechanisms which may differ for 
various silicon and packaging technologies. 

In plastic packages the maximum T1max is 150°C, 
but lower values (1 00 to 120°C) may be specified in 
high rei applications such as telecoms. 

When T1max and Ta are known, their difference t.T1 
indicates the permissible junction temeperature rise 
for a given device. For a given power dissipation Pd, 
the thermal design must ensure that the product Pd 
x Rth(j-a) is lower than t. T1 ; where Rth~-a) is the ther
mal resistance of the device from the junction to the 
ambient at temperature T a. This takes into consider
ation the many elements connected to the heat 
source and includes the leadframe, moulding com
pound, substrate and heatsink, if used. 

SOLLIT!ON 

Fru1, 11g. 13, the value for Rth~-a) is 125° ";/W for a 
copper frame package. Comparing figs. b and 6, a 
value of about 240°C/W can be assumed for Alloy 
42 packages. The allowed rise in junction tempera
ture is : t. T1max = 130 - 70 = 60°C 

Maximum dissipation is given by t.Tjmax/Rth~-a). 

Therefore: 

60/125 = 0.48W for Copper frame 

60/240 = 0.25 for Alloy 42 frame 
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APPLICATION NOTE 

EXAMPLE 2 : Junction temperature for an S020 
packaged device soldered on FR4, under the fol
lowing conditions : 

• Ambient temperature Ta; 70°C 

• Dissipated Power Pd ; 0.6W 

EXAMPLE 3 : To determine the size of an inte
grated heats ink for a medium power application 
using a PLCC (33 + 11) under the following con
ditions: 

• Ambient temperature Ta; soac 

• Max. Junction Temperature T1max; 150°C 

Dissipated Power Pd ; 2.2W 

EXAMPLE 4 :Given the application described in 
example 3 determine the maximum pulse width 
for a single 4W pulse superimposed on a con
tinuous 1.5W dissipation 

EXAMPLE 5 : In a medium power application 
using an SO (12 + 4 + 4) calculate the average 
junction temperature and the peak temperature 
for repeated pulses under the following condi
tions: 

Ambient temperature Ta; 7oac 

On board heatsink area A ; 9 sq.cm. 

Pulse length ; 1 OOms 

• Pulse height; 5W 

Duty cycle ; 20% 
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SOLUTION 

A total trace-area of 200k sq.mils is assumed,this 
then gives, from fig. 14 : 

Thermal Resistance Rth(J·a) ; 90°CIW 

L'. Ti ; Pd x RthU·a) 

L'>Tj; 0.6 X 90; 54°C 

Junction Temperature Tj; 54+ 70; 124°C 

SOLUTION 

By calculation the application needs an Rth(J·a) of : 
. (150- 50)/2.2; 45.5°C/W 

From figure 32 the on board heatspreader can thus 
be defined as needing an area of about 2 sq.cm. 

SOLUTION 

The continuous steady state junction temperature 
at 1.5W dissipation is : 

T1ss; (1.5 x 45.5) + 50 ; 118.25°C 

The single pulse is allowed to cause a maximum in
crease of (150 - 118.25°C) ; 31. 75°C. 

The related transient thermal resistance is (31.75/4) 
; 7.9°C/W 

From figure 33, the corresponding pulse width can 
be interpreted as being in the order of 200ms. 

SOLUTION 

From figure 31, the thermal resistance is found to 
be 49°C/W. Thus the average junction temperature 
can be calculated : 

Tjavg; (5 X 49 X 0.2) + 70 ; 119°C 

From figure 36, the peak thermal resistance is given 
as around 15°C/W. The peak temperature can thus 
be calculated as : 

T p; (5 X 15) + 70 ; 145 
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RESISTANCE TO SOLDERING HEAT 
AND THERMAL CHARACTERISTICS OF PLASTIC SMDs 

INTRODUCTION 

Surface Mount Technology (SMT) has introduced a 
number of new technical problems, which have de
layed the conversion from insertion assembly. 

This is not strange: what readily available source of 
expertise existed a few years ago ? 

Plastic SO packages were introduced in Europe in 
the early '70s and widely used in hybrids, but hybrid 
assembly has little relationship with the placement 
soldering, handling tools now considered for SM 
PCB production. Was 1t surprising that even the 
semiconductor suppliers with sound experience in 
SO production could not give all of the answers 
needed by the PCB manufacturer? 

Japanese experience in SMT based consumer pro
ducts is impressive : 87% of components used for 
cameras are in SM versions. However, the degree 
of complexity and performance of consumer pro
ducts are somewhat different from the industrial, 
automotive and telecoms applications the Western 
world is interested in. On the other hand, in 1985 the 
percentage of SMDs (active and passive) used in 
industrial systems produced in Japan was 16.6% in 
telephones, 5.5% in automotive applications, 5.1% 
in cable communication, 0.7% in minicomputers1 ; 

that is, a level similar to US and European produc
tion, presumably with a similar level of expertise. 

In the past few years confidence in SMT has in
creased. More experience exists, which is the result 
of an expensive learning phase covered by both 
SMD manufacturers and users. 

The reliability of plastic SMDs has an important 
place in this work. It needs a new approach in com
parison with equivalent insertion devices, due to the 
completely different use. 

In 14 years of production, no distinction was made 
in the authors' company between SO and DIP, from 
the point of view of reliability. They had the same re
liability targets and similar evaluation methodology ; 
the former was often hot plate soldered on leaded 
ceramics for more convenient handling but no dif
ference in long-term reliability existed. 

With SMT, this is inadequate. Negative effects due 
to the various assembly processes, and to some 
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thermomechanical influence of the board, can limit 
the device life. 

The present work is focused on SMDs soldered onto 
a plastic substrate, by means of the most common 
industrial processes, and takes into account two as
pects of reliability : 

1. Resistance to soldering heat. i.e., the suitability 
to withstand the thermal shock associated with 
the soldering cycle, without reducing reliability. 
This information is obtained by performing mois
ture resistance tests. Data about SO packages 
will be presented. For PLCCs, evaluation is in 
progress and will be concluded in the first half of 
1988. 

2. Heat dissipation, which influences the failure rate. 
This information is obtained with test patterns 
and test boards designed by SGS-THOMSON 
Microelectronics and includes thermal Imped
ance in pulsed conditions. A few case studies will 
be included in this paper but comglete characteri
sations are available elsewhere.2 

RESISTANCE TO SOLDERING HEAT 

In through-hole technology, devices are inserted 
from the upper side of the board and wave soldered 
from its lower side. 

Only the lead extremities reach the temperature 
(250-260'C) of the molten solder ; the maximum 
specified soldering time of 1 Os is short enough to 
avoid over-heating of the package body, which 
generally does not exceed 120-130'C during the 
whole process. 

This temperature is lower than the moulding com
pound glass transition temperature (160-170'C) 
and the risk of permanent damage to the package 
structure or to the silicon die is excluded. 

Device reliability is defined almost independently of 
the soldering time and temperature ; devices under 
reliability test are mounted on sockets, thus neglect
ing the effect of the assembly process. 

On the contrary, 1n all1ndustnal SMT processes, de
vices are soldered in a high temperature ambient 
(215-260'C), with high heating rate, and the plastic 
package is kept in glass transition conditions 
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(figure 1) for a relatively long time (up to 60s). This 
situation was never encountered before. 

Concern over reduced reliability is justified and ex
plains the trend towards defining SMD reliability 
afterthe soldering cycle, in order to include the ef
fects summarised in table 1. 

Figure 1 : Thermal Expansion of Moulding Com
pounds, Compared with the Tempera
ture of Different Soldering Techniques. 

Table 1 : Factors Affecting SMD Reliability on 
Printed Board. 

SMD Package 

Des1gn and Structure Volume and Thermallnertm 
Internal Contamination Water Content 
Thermomechanical Properties Lead Solderability 

Assembly Process 

Soldenng Method Contamination Level (flux) 
Soldering Time/temperature Rins1ng 

Substrate 

Thermomechan1cal Properties Thermal Dissipation 

EXPERIMENTAL 

Reliability tests are performed on parts soldered 
onto test boards (4.5 in. x 6.5 in. FR-4 substrates). 

SM PCB1 test board can accept S0-8, 14, 16. It is 
pre-grooved, in order to be cut in 35 positions, hav
ing the lay-out shown in figure 2 ; the SMD footprints 
are electrically connected to through-holes, with a 
pitch of 100 mils and placed in two parallel rows, 600 
mils apart. Commercial pins inserted in the through
holes give the possibility of using the same equip
ment needed by DIPs. 

The soldering processes from table 2 were used for 
SO packaged bipolar Operational Amplifiers and C
Mos Standard Logic. In order to simulate a rework, 
the soldering cycle was repeated on a number of 
devices. Soldering is followed by the usual rinsing 
in water or Freon, with or without ultrasonics. 
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Figure 2 : SM PCB1 Test Board. 
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dPIL% dPIL~ dPIL% 

St1PC81. 

Table 2 : Soldering Processes Evaluated with 
SO Packaged Devices. 

Pre-heating Soldering 
Number of 

Cycles 

Double Wave 120'C/30s 225'C/4s 1 

Double Wave 120'C/30s 250'C/4s 1 

Double Wave 110'C/30s 250'C/3 4s 1. 2. 3. 4 

Triple Wave 110'C/30s 260'C/3s 1, 2, 3 

Vapour Phase 215'C/20s 1, 2 

lnfra·red 160'C/30s > 210'C/60s 1 

The reliability evaluation was performed by means 
of the following tests : 

Operating Life 
Pressure Pot 
THB 

HAST 

Thermal Cycles 

Thermal Shocks 

150"C 
121"C/2atm 
85"C/85% RH 
15V (bips) 
6V (CMos) 
130"C/85% RH 
15V (bips) 
6V (CMos) 
-551+ 150"C 
(30/5/30 min) 
-55/+ 150"C 
(5/1/5 min liquid) 

130"C/85%RH Highly Accelerated Steam Test 
(HAST) has an acceleration factor of about 18-20 
(ref. 3) in comparison with 85C/85%RH, and the 
concrete possibility of reaching wear-out exists with 
this test, after an acceptable time. 

For PLCC packages a similar methodology is fol
lowed. At the time of writing, only partial data are 
available, which will not be included here. 



EXPERIMENTAL RESULTS 

Experimental results are summarised in tables 3-6. 

Table 3 : Cumulative Reliability Data after 
Multiple Wave Soldering. 

Test Vehicles: LM2904 (S0-8), LM2901 (S0-14) and 
M74HC74 (S0-14) 

Double Wave 225'C/4s 250'C/4s 

Triple Wave 260'C/3s 

Operaling Life 1 OOOh 0/154 0/32 

Pressure Pot 96h 0/104 0/62 

THB 85'C/85%RH 1 OOOh 1/105" 0/32 
2000h 0/32 

HAST 130'C/85%RH 1 OOh 0/64 
200h 0/64 

Thermal Shocks 500 0/231 0177 

'* Parametric Failure 

Table 4 : Reliability Data after Vapour Phase 
Reflow. 

Test Vehicle: LM2901 (S0-14) 

215'C/20s 215'C/40s 

Operat1ng L1fe 1 OOOh 

Pressure Pot 96h 

THB 85'C/85%RH 
1000h 
2000h 

HAST 130'C/85%RH V = 15V 
100h 0/56 
200h 0/56 
372h 0/24 
458h 2/24 
635h 5/22 

Thermal Cycles 500 

All fa1lures due to pad corros10n 

Table 5 : Cumulative Reliability Data after 
Infra-red Reflow. 

0/32 

0/32 

0/32 
0/32 

0/12 
0/12 
1/12 
1/11 
3/10 

0/32 

Test Vehicles · M74HCOO and M74HC74 (S0-14) 

> 210'C/60s 

Operating Life 1300h 0/34 

THB 85'C/85%RH 1300h 0/34 

HAST 130'C/85%RH 
100h 0/32 
200h 0/32 
500h 0/32 
672h 0/32 

Thermal Cycles 750 0170 

APPLICATION NOTE 

Table 6 : Cumulative Reliability Data in Multiple 
Wave Soldering with Repetition of the 
Soldering Cycle. 

Test Vehicles : LM2903 (S0-8). LM2901 and M74HCOO 
(S0-14) 

Double Wave Triple Wave 
250'C/3.4s 260'C/3s 

Number of Cycles 1 2 3 4 1 2 3 

Pressure Pot 
96h 0156 
504h 0/56 

1 00 Thermal Cycles 
(- 40/150'C) Followed 
by Pressure Pot 

96h 0/30 0130 0/60 
168h 0/30 0/30 0/60 
240h 0/30 0/30 0/60 

HAST 130'C/85%RH 
V = 6V 

100h 0/32 0/32 0/32 1132' 
500h 0/18 0118 
1000h 0/18 0/18 
1150h 1/18 1118" 
1300h 17117 17/17" 

* Parametric Failure •• Pad Corrosion 

COMMENTS ON THE RELIABILITY RESULTS 

Previous results do not reveal negative effects due 
to the exposure of SM devices to the soldering heat, 
for all of the industrial SMT soldering methods, in 
combination with the most common solders and 
cleaning solvents (Freon, water with and without 
ultrasonics). 

Wear-out in the HAST test (130"C/85%RH) is bet
ween 1100 and 1300 hours when the soldering 
cycle is repeated up to 4 times with high tempera
ture (250-260"C) multiple wave soldering, which is 
considered to transfer the highest thermal stress to 
the package body. 

Pad corrosion is the final failure mechanism for all 
samples. 

This performance is about 7-1 0 times better than the I 
2000-3000 h THB 85"C/85%RH, which is currently 
requested as qualification target in moisture resis-
tance biased tests. Therefore, the reliability of sur-
face mounted devices considered in this work is high 
enough to meet the most stringent requirements of 
the professional market. 

No evidence of cracks in the plastic case was found 
in the previous evaluations. This effect (referred to 
also as 'pop corn' effect) is attributed to some anom-
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alous thermal expansion of the package in the sol
dering phase, caused by water absorbed by the 
plastic encapsulation :a thermal treatment at a tem
perature higher than 1 oo·c for a few hours is sug
gested in order to remove the absorbed water.4 

As this thermal pre-conditioning should be per
formed shortly before soldering, a serious problem 
arises in the assembly line. Such thermal annealing 
is not practical when the parts are supplied in plas
tic tapes or sticks :they should be removed from the 
packs by the user, heat treated, and packed again 
with additional costs and risks (co-planarity). 

In this company's experience, the 'pop corn' effect 
can be completely avoided by controlling the frame
encapsulant interface, which is the easiest path for 
the water. Furthermore, experience has indicated 
that water at that interface does change the expan
sion characteristics of the package. About five years 
ago, the curve of figure 3 was found in some parts 
(coming from lots affected by the 'pop corn' prob
lem) using Thermo-Mechanical Analysis (TMA). De
vices under test were placed between the probes of 
the TMA transducer and their expansion character
istics recorded. 

In the first ramp (5"C/min), package expansion was 
much higher than the moulding compound expan
sion between 50 and 1 oo·c ; over 1 oo·c, it returned 
on the curve typical of the encapsulant. Cooling 
down and repeating the measurement, only the 
lower curve of figure 3 was covered. 

This behaviour was attributed to water having pene
trated between the frame and the plastic body, 
whose expansion was responsible for the package 
deformation during the slow heating in TMA. When 
the parts were soldered on the substrate, cracks 
could occur due to the much faster heating rate. 

Figure 3 : Thermal Expansion of SO Packages. 
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The problem was solved when the possibility of con
trolling the water content was found, by means of 
an improved frame design and some dedicated pro
duction steps. 

Millions of parts assembled in recent years showed 
no evidence of the 'pop corn' effect, without any pre
conditioning before use. 

The same solutions are successfully adopted for 
PLCC packages. 

THERMAL CHARACTERISTICS 

Correlation between reliability and junction tem
perature Tj is known : 

the device lifetime is roughly halved when Tj is in
creased by 1 o·c. 
Mainly due to this fact, thermal dissipation is a sec
ond factor which can influence SMD reliability: are
duced body means worse dissipation and higher 
power density on the board. 

As careful thermal design is the key to improved re
liability, a systematic characterisation of SM pack
ages was performed, in order to study the main 
factors affecting thermal dissipation at both levels of 
package design and board design. 

In the course of this work, the need for some critical 
revision of the way of producing and using thermal 
data was evident. 

A point which cannot be under-evaluated is the 
choice of measurement method, as will be dis
cussed later. 

Another important point is the following : the com
mon way of specifying the junction to ambient ther
mal resistance Rth(j-a) is to associate one value of 
Rth(j-a) to each device. 

In the majority of data books, including this com
pany's previous literature, little information is given 
on the experimental conditions used to obtain that 
value :the dissipated power and , above all, the kind 
of interconnection between the package and the 
measurement set-up (wires, socket or board), which 
in some cases can become a far from negligible heat 
transfer element. 

Ignoring this contribution was probably justifie with 
packages having a low thermal conductivity frame, 
such as Alloy 42 or Kovar. 

For those packages, heat spreading was limited to 
the silicon die and to the die pad ; thermal dissipa
tion was little affected by the surroundings and the 
measurement assembly had little influence on the 
final value of Rth(j-a). 



This is not the case concerning the same packages 
with a copper frame, introduced a few years ago to 
achieve a higher power capability ; due to better 
thermal conductivity of the leads they are much 
more sensitive to external dissipating media, event
ually used for the measurement. 

Similar statements are valid for SMDs and become 
more important on account of their reduced dimen
sions. 

The concept is summarised in table 7, where the 
thermal resistance of some dual-in-line (DIP), Small 
Outline (SO) and Plastic Leaded Chip Carrier 
(PLCC) packages is given. The influence of the 
frame thermal conductibity is remarkable ; but like
wise remarkable are the differences obtained for the 
same package, when it is connected by thin wires 
(and 'floating' in still air) or soldered on a PC board 
during the measurement. 

Table 7 : Junction to Ambient Thermal 
Resistance (C/W) for DIP and SM 
Packages in Different Experimental 
Conditions. 

Power 'Floating' On SGS 
Ratio 

Pd[W] in Air Test Board 

DIP 14 Leads(") 
Alloy 42 0.25mm 0.5 156 138 1.13 
Cu 0.25mm 0.6 125 90 1.39 

S0-14 Leads ( .. ) 
Alloy 42 0.25mm 0.4 280 195 1.43 
Cu 0.25mm 0.6 190 105 1.80 

PLCC-44 Leads (•••) 
Cu 0.25mm 1.0 70 52 1.35 

d1e size : (•) = 0.095 1n. x 0.110 in. 
("} = 0.060 ln. X 0.090 in. 

( ... ) = 0.180 '"· x 0.180 in. 

Especially for SO packages the influence of the sub
strate on thermal dissipation is noticeable. This fact 
can help to explain the following points : 

1. The Rth(j-a) values published by different SMD 
suppliers are distributed in too wide a range 
(more than ?O"C/W for SO packages) which han
dicaps a correct thermal design. Most of the dif
ference is probably due to different test boards, 
and the availability of standardised measure
ment methodology should help to give more ac
curate information. 

2. The board lay-out contribution should be studied, 
in order to quantify the effect of device density : 
a suitable distance between two or more dissi
pating elements can be an effective solution for 
improved reliability. 

APPLICATION NOTE 

3. Specification of thermal characteristics should in
clude more elements (power level, board density, 
package design) which cannot be summarised in 
one single thermal resistance value, as was com
monly the case with Alloy 42 DIPs. 

A set of experimental curves was obtained for each 
SM package,2 which gives the relationship between 
these factors ; if used to feed back the board de
sign, they should help to achieve a better thermal 
performance. 

The most significant results will be discussed 
here. 

Moreover, two other factors will be considered. 

1 . The thermal capacitance of the package, which 
is significant especially in higher pin count 
PLCCs ; it delays Tj increase during power tran
sients and is important in switching applications. 

2. The frame design in association with a suitable 
board design ; a low resistance thermal path can 
be obtained with modified frames ; heat is then 
conveyed to copper areas obtained on the board 
and dissipated power can be increased to 2W 
with SOs and PLCCs. 

EXPERIMENTAL METHOD 

When thermal measurements on plastic packages 
are performed, the first consideration is the lack of 
a standard method : at present, only draft specifica
tions5 exist, proposed in 1986 and not yet standa
rdised. 

The experimental method used in this company 
since 1984 has anticipated these preliminary rec
ommendations to some extent, as it is based on the 
P432 thermal test pattern (figure 4) having two npn 
transistors, with 1 OW each power capability. A sens
ing diode is placed on the thermal plateau arising 
when the transistors are operating in parallel and 
gives the actual value of Tj, through the calibration 
curve of its forward voltage Vf (at constant current) 
vs temperature. 

Transistor size, which is not fixed by the documents 
proposed for standardisation, was intentionally I 
limited to 1000 mils2, in order to simulate a high 
power density and characterise the worst case. Die 
size, which is found to have some influence on ther-
mal resistance when copper frame is used, is slight-
ly smaller than the die pad size and never exceeds 
30000 mils2 in larger packages, such as high pin 
count PLCCs. 

The measurement set-up is shown in figure 5. It 
is compatible with DC and AC power supply' and 
has an accuracy better than 5%. 
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The advantages offered by the test pattern are : 

(i) high power capability (wider evaluation range) ; 

(ii) repeatable electrical characteristics (Vf) and 
temperature coefficient (1.9mV/C) of the sens
ing element (accuracy) ; 

(iii) high resolution in pulsed conditions (evaluation 
down to 1 OOs pulses) ; 

(iv) better correlation from one package to another. 

Alloy 42 frames and copper frames were used for 
narrow SO packages (150 mils body); only copper 
frames were considered for the others : wide SO 
(300 mils body) and PLCC packages. 

Suitable FR-4 test boards were developed, which 
will be described case by case. 

Figure 4 :Test Pattern P432 Layout. 

Figure 5 : Measurement System. 

THERMAL CHARACTERISTICS IN DC CONDI
TIONS 

Thermal characteristics of the S0-14 package in DC 
conditions are shown in figure 6. 
The upper curve is related to samples floating in still 
air and connected to 8 thin wires needed for biasing 
the dissipating transistors and the sensing diode of 
the P432 test pattern. 

Samples soldered on the FR-4 test board shown in 
figure 2 have an approximately halved thermal re
sistance ; by reducing the copper pattern length of 
the test board, different component densities are 
simulated :thermal resistance is increased by about 
30% when the track length has the minimum value. 

Dependence of the thermal resistance on the total 
area of the traces connected to the package is re
presented by the curve of figure 7. It quantifies the 
effectiveness of the board lay-out to spread the heat 
and dissipate it towards the ambient and can be con
veniently used for determining the thermal resist
ance value associated with a given board design. 

Figure 6 : Rth(j-a) of S0-14 Package vs. Power 
Level. 
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Figure 8: RthU-a) of S0-14 with Copper (SGS
THOMSON) an~ Alloy 42 Frame. 
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Comparison of low conductivity (Alloy 42) and high 
conductivity (copper) frames is shown in figure 8. 

The data obtained for the different SM packages are 
summarised in table 8 ; the two thermal resistance 
values refer to the two extreme cases of a low den
sity and a high density board. 

Table 8 : Summary of Junction to Ambient 
Thermal Resistance in Steady State 
Power Dissipation (SGS-THOMSON 
test boards) 

Die Pad Size Power Rlh(j·a) [°C/W] 
(mllrnches) Pd [W) on Board 

S0-8 Alloy 42 90 X 100 02 250-310 

Copper 95 X 100 02 160-210 

S0-14 Alloy 42 98 X 118 03 200-240 

Copper 78 X 118 05 120-160 

Copper 98 X 125 07 105-145 

S0-16 Alloy 42 98 X 118 03 180-215 

Copper 94 X 185 05 95-135 

S0-16W Copper 120 X 160 0.7 90-112 

S0-20 Copper 140 X 220 07 77-97 

PLCC-20 Cu 180 X 180 07 90-110 

PLCC-44 Cu 260 X 260 1 5 50-60 

PLCC-68 Cu 425 X 425 1 5 40-46 

PLCC-84 Cu 450 X 450 20 36-41 

Rth(;-a) values correspond to low and h1gh board dens11y 

APPLICATION NOTE 

THERMAL IMPEDANCE IN PULSED CONDI
TIONS 

The electrical equivalent of heat dissipation for a 
module formed by the active device, its package, 
the board and the external ambient is a chain of RC 
cells each having a characteristic risetime 1: = RC. 

Thermal capacitance is the capability of heat accu
mulation and depends on the heat capacitance of 
the materials, their volume and their density. 

When the power is switched on, the junction tem
perature after a timet is the result of the subsequent 
charge of the RC cell~. according to the well known 
exponential relationship : 

L\T; = Rth X Pd X (1- eV't) 

When the pulse length to is an assigned value, ef
fective Tj can be significantly lower than the steady 
state T1 (figure 9) and a transient thermal resistance 
Rth(to) can be defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. 

Obviously, for shorter pulses, transient thermal re
sistance is lower and a higher power can be dissi
pated without exceeding the maximum junction 
temperature defined in reliability considerations. 

In a similar way, when pulses of the same height Pd 
are repeated with a defined duty cycle DC and the 
pulse is short in comparison with the total risetime 
of the system, the train of pulses is seen as continu
ous source at a mean power level : 

Pdavg = Pd x DC 

Figure 9 : Qualitative Tj Increase for Single 
Power Pulse. 
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On the other hand, the silicon die has a risetime of 
1-2ms and is able to follow frequencies of some 
kHz: junction temperature oscillates about the aver
age value: 

~ Tjavg = Rth X Pdavg 

as qualitatively shown in figure 10. 

The thermal resistance corresponding to the peak 
of the oscillation at the equilibrium (peak thermal re
sistance) gives information on the maximum tem
perature reached by the device and, depending on 
DC and pulse width, can be much lower than DC 
thermal resistance. 

Figure 10: Qualitative Tj Increase for Repeated 
Power Pulse. 

lamb --i---;----------
pd 

Figure 11 :Test Board for PLCC. 

The knowledge of thermal characteristics in the AC 
condition is a valid tool to reduce redundancy (and 
cost) in the thermal design of pulsed applications. 
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Figure 12 :Transient Thermal Resistance for 
PLCC-84 on Board. 
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The example is now given of a high pin count PLCC, 
which has a large thermal capacitance, due to its 
volume and weight. 

Temperature increase for 84 lead PLCCs soldered 
on the SM PCBS test board (figure 11) for single pul
ses of different length is given in figure 12. A rise
time of 50-60s is typical for this package, having a 
thermal resistance of 38"C W in steady state (see 
table 8). 

For single pulses, the effective thermal resistance is 
much reduced and acceptable junction temperature 
is observed even for high power pulses. 1 OW can 
be delivered for about 1 s (9"C/W) and 5W for 1 Os 
(18"C/W). 

Peak thermal resistance for repeated pulses, with 
different duty cycles, is represented in figure 13 and 
the above considerations are valid in this case also. 

Figure 13 :Peak Transient Rth for PLCC-84 on 
The Board. 
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MEDIUM POWER APPLICATION 

The lack of power packages suitable for SMT re
quirements (standard outline, automatic handling) 
is known. 

A simple way to achieve power dissipation in the 
medium range (1-2W) is to transform the available 
signal packages and modify their frame to obtain a 
high conduction path. 

In figure 14 the frame of medium power SO and 
PLCC packages is shown : some leads are con
nected to the die pad, in order to have a low junc
tion-to-pin thermal resistance Rth(j-p}. Typical 
values of this parameter are in the range of 12-
15'C/W, with a high conductivity lead frame. 

Modification involves the internal part of the frame 
only, while the external dimensions of the package 
are not changed ; the solution offers the undoubted 
advantage of being compatible with existing hand
ling and testing tools. 

The heat produced by the IC, and conveyed exter
nally by the heat transfer leads, can be cost effec
tively transferred to the ambient by means of 
dedicated copper heatsinks, integrated on the 
board. 

Figure 14: Medium Power SO and PLCC Frame. 

In figure 15, the layout of test boards used for the 
thermal characterisation of medium power S0-20s 
(with 8 heat transfer leads) and PLCC-44s (with 11 
heat transfer leads) is represented. 

The area of the integrated heatsink can be opti
mised for cost reduction, depending on the dissipa
tion level. In figure 16 the relationship between the 
Rth(j-a) of the PLCC (33 + 11) and the total dissi
pating area is given. 

It can be noticed that, with 6-7 sq em of substrate, the 
thermal resistance of PLCC-44s can be decreased 
from 55'C/W to 40'C/W, for 1.5-2W dissipation. 

A similar performance is possible with the medium 
powerSOs. 

APPLICATION NOTE 

Figure 15 :Test Boards for Medium Power S0-20 
and PLCC-44 Package. 

Figure 16: Rth(j-a) of Medium Power PLCC-44 
vs. Dissipating Area on Board. 
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CONCLUSIONS 

1--

In SMT, two main reliability related concerns are re
sistance to soldering heat and heat dissipation. 

RESISTANCE TO SOLDERING HEAT 

After extensive evaluation of devices soldered on 
plastic substrates by means of the three industrial 
soldering methods (multiple wave soldering, vapour 
phase and IR reflow), no reliability degradation was 
found. 

The following soldenng conditions are possible with 
SO packaged devices : 
• Multiple Wave : T = 250- 260'C/t = 4s (repetition 

allowed) 
• Vapour Phase : T = 215'C/t = 20s (repetition 

allowed) 
• Infra-red: T > 210'C/t =60s (Tmax = 225'C) 
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No crack in the plastic case was evidenced during 
the above work or in the field, in recent years of pro
duction, and no thermal preconditioning was 
needed. However, this result was obtained after op
timisation of the frame design and of the production 
process. Its extension to the totality of the products 
existing on the market might be too arbitrary, but it 
is possible to conclude that the structure of SM pack
ages, when associated with suitable materials and 
processes, is able to meet the user's requirements. 

A similar evaluation is running for PLCC packages 
and will be completed in the first half of 1988. 

HEAT DISSIPATION 

Some considerations have been made about the 
consequence of the lack of some standard evalu
ation methodology. To standardise test chips and 
test boards is very important, in order to reach a bet
ter knowledge and a better information exchange. 

By means of an internally developed test pattern 
and suitable test boards, three points have been stu
died: 

1. The influence of the substrate on thermal dissi
pation, whose effect has to be taken into account 
much more than for insertion packages. With a · 
proper layout it is effective in reducing thermal re
sistance. For example, dissipation of copper 
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frame SO package can become better than the 
equivalent Alloy 42 DIP and only 1 0-20% higher 
than the equivalent copper DIP. 

2. The thermal impedance, whose value is much 
more suitable for the thermal design of switching 
applications and can contribute to reduce the 
cost of the system. 

3. The new medium power SO and PLCC packages, 
which offer the possibility of cost-effective power 
dissipation in the range of 1.5-2W, still maintain
ing a standard outline. 
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APPLICATION NOTE 

HIGH SIDE MONOLITHIC SWITCH IN 
MUL TIPOWER-BCD TECHNOLOGY 

Recent advances in integrated circuit technology 
have allowed the realization of a new mixed process 
integrating isolated DMOS power transistors in 
combination with bipolar and CMOS signal struc
tures on the same chip. Called Multipower-BCD, this 
technology has been used to realize a monolithic 
self-protected high-side switch mainly intended for 
automotive applications. Driven by TTL, CMOS in
put logic it can supply resistive or inductive loads up 
to 6A DC allowing a current peak of 25A with an 
Ros(an) = 0.1 Q . Fault conditions are signaled on a 
diagnostic output pin. 

Figure 1 : Example of a Multiplexed System. 

by C.Cini, C. Diazzi, D. Rossi, S. Storti 

ELECTRONIC POWER SWITCHES IN THE 
CAR 

The increase of the number of the electrical compo
nents in the car (today more than 50) and the in
crease in assembly costs shall soon make 
economical multiplexed power supply and control 
systems. These systems consist of a single line for 
power supply and a multiplexed signal network for 
control ; in this way it is not necessary to have a wire 
for every load, but only a common power line and a 
common signal line for all the loads (fig. 1 ). 

POWER 
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APPLICATION NOTE 

The control system is made, for example, with a cen
tral-unit near the dashboard, for the user interface, 
a serial data transmission line and some peripheral 
units near the loads (fig. 2). 

The multiplexed system' not only makes it possible 
to reduce weight and overall dimensions of the ca
ble harness, now critical in some places (e.g. the 
junction between the vehicle body and the doors), 
but, also makes it possible to have a bidirectional si
gnal between peripheral units and the central unit 
without any extra line, this is useful for fault detec
tion and, in a future, for data transmission to make 
a more complex informatic system. 

Today the key problem, from the system enginee
ring point of view, is data transmission whereas for 

Figure 2 : Block Diagram of a Peripheral Unit. 

semiconductor technology the key problem is the 
electronic power switches. 
The electronic switch, in addition to its main func
tion, must be able : 
1) to withstand a very high peak current (20A) with 

total battery voltage(= 14V) applied. 
2) to protect itself, the power network and the load 

against overvoltages (load dump = 60V) and 
overload (protec~:on with fuses is impractical), 

3) to make some fault detections e.g. detect short 
circuit or open load condition. 

For this reasons a simple electromechanic or elec
tronic switch standing alone is not sufficient, a more 
complex circuit is necessary and for this the mono
lithic solution is the most effective. 
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HIGH SIDE DRIVER 

The problem of electrochemical corrosion is of pri
mary importance in automotive systems because 
the electrical components are in an adverse envi
ronment (temperature, humidity, salt), for this rea
son the series switch is connected between the load 
and the positive power source. Therefore when the 
electrical component is not powered (that is for the 
greatest part of the lifetime of the car) it is at the lo
west potential and electrochemical corrosion does 
not take place. 

For this connection, components such as power 
PNP bipolar transistor or Power P-channel MOS 
would be integrated with low level signal circuitry 

Figure 3 : Possible High Side Drivers. 
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(fig. 3a), but this kind of element is less efficient and 
more difficult to realize than their complementary 
one. NPN bipolar transistors or N-channel MOS, if 
directly driven by the supply voltage, are not a good 
solution because the minimum voltage drop on the 
switch is VsE or VT (threshold voltage) ; the best so
lution is to have a driving voltage for the power tran
sistor, higher than the positive supply. Nevertheless 
a power junction NPN transistor (fig. 3b) needs a 
certain amount of base current ( p = 1 0-60 to have 
deep saturation) that could be obtained with a DC
DC converter ; if centralized it complicates the po
wer supply distribution network, if decentralized it 
complicates the peripheral unit always critical for 
size, reliability and cost. 

B) with NPN pass transistor (needs external DC-DC 
converter) 

DC/DC 
CONVERTER 

r--------, 
I 
I 
I 
I 

BATTERY 
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APPLICATION NOTE 

On the other side a POWER MOS N-channel (fig. 
3c), being a voltage driven device, requires for the 
driving only a capacitive charge pump which can be 
fully integrated on the switch chip. 

Bipolar transistors moreover need driving power 
and principally, are limited in maximum peak power 
by second breakdown. 

Table 1 : Devices in Multipower-BCD Technology. 

VERTICAL D-MOS BVoss > 60V 

P-CHANNEL DRAIN EXTENSION BVoss > 75V 

C-MOS N-CHANNEL BVoss > 15V 

C-MOS P-CHANNEL BVoss > 15V 

BIPOLAR PNP VcEO > 20V 

BIPOLAR NPN1 VcEO > 20V 

BIPOLAR NPN2 VcEO > 20V 

BIPOLAR NPN3 VcEo > 20V 

THE PROCESS TECHNOLOGY 
For the realization of the device a mixed Bipolar
CMOS-DMOS process has been utilized. This pro
cess integrates the following components (tab.1) 
(Fig. 4): 

VTH = 3V h= 1GHz 

VTH=1.9V h = 200MHz 

VTH = 0.9V 

VTH=1.9V 

J3 = 30 h = 10MHz 

J3 = 30 IT = 300MHz 

J3 = 250 h= 1GHz 

J3 = 250 IT= 140MHz 

Figure 4 :A Schematic Cross Section of Bipolar, CMOS and DMOS Structures. 
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_ N-CHANNEL POWER DMOS able to withstand 
Vos; 60V for the series element. 

_ BIPOLAR NPN AND PN~ TRANSISTORS main
ly employed in analog circuitry where low offset 
and high gain are needed e.g. voltage compara
tors and references, operational amplifiers. 

_ CMOS TRANSISTORS to realize a dense logic 
network with stand by currents practically negli
gable. 

_ PASSIVE COMPONENTS as resistors with a 
great variety of sheet resistivity (30+8500Q/ D ) 

APPLICATION NOTE 

to optimize both very high and very low resistive 
circuitry and gate oxide capacitors (e.g. to realize 
charge pump capacitors). 

THE CIRCUIT 

The circuit (fig. 5) is made by a power DMOS series 
element, a driving circuit with a charge pump, an in
put logic interface and some protection and fault de
tection circuits. 

Figure 5 : Block Diagram of High Side Switch L9801. 
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APPLICATION NOTE 

THE POWER DMOS 

The power DMOS transistor is an array to 1 0,000 
elementary DMOS cells that occupies an area of 
about 19,000 mils2 and has a Ros(on) = 80mQ with 
VGs = 10V. The low value of Ros(on) is required both 
to increase the power transferred to the load and to 
minimize the power dissipated in the device. In fact 
the switch must be operative also at very high am
bient temperature (125"C) as required in automotive 
applications. For example to drive a 5A (60W) load, 
the drop on the switch is 400 mV and the dissipated 
power is 2W (Rth j-case 1.25"C/W). 

THE CHARGE PUMP 
The charge pump is a capacitive voltage doubler 
(fig. 6) starting from power supply (car. battery), dri
ven by a 500 KHz oscillator. 

The pump capacitor is an integrated 80 pF capaci
tor, the storage capacitor is the gate capacitance of 
the power itself(- 500 pF). 

Figure 6 : Charge Pump. 

500KHz 
OSCILLATOR 

DISABLE 

JNPUTINTERFACE 

5-9902 OUTPUT 

Considering the very wide operating temperature 
range (Tj = 40 to+ 150'C) it is not possible to 
obtain the logic threshold from the conduction thre
shold of any elementary device, because of its tem
perature coefficient, respecting TTL input levels. 
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Nevertheless a solution with a voltage reference 
and comparator is not suitable because it needs a 
bias current flowing also when the device is in the 
OFF state. 

This point is of great importance because the 
switches are directly connected to the car battery 
without the interposition of the ignition switch, thus 
also a little current (> 50!lA) multiplied for the num
ber of the switches (e.g. 50), causes an appreciable 
discharge current always flowing. 

For this reason a threshold circuit has been designed 
derived from a well known voltage reference (fig. 7). 

Figure 7 : Input Interface. 

OUT 

Fixed a threshold value V1N = V1N* for this value must 
be, by design h = l2 = lo*. 

Aot 
if a= area ratio a= -

Ao2 

must be 
t:..VsE 

h - R1 

(11 + l2) R2 + VsE (02) = V1N 

R2 KT 
that is V1N* = 2 - - 1 n a + VsE 02 

R1 q 

Reasoning around the threshold point it can be no
ted that the transconductance of 02 is greater than 
the transconductance in 01 branch (01 series R1 ). 
For this 

if V1N > V1N* 
if ViN < ViN* 

03 ON 
03 OFF 



The choice of the values is made imposing : 

1) V1N* = VBG = 1.250V band-gap voltage of sili
con. 

In this case V1N* is practically stable in tempera
ture and centered respect TTL input levels 
(VLMAX = 0.8V. VHMIN = 2V). 

The idle current lABS in the worst case, that is 
when V1N = VLMAX = 0.8V. Tj = 150"C, it must be 
lABS= i1 + l2 < 501J.A. 

The proposed circuit has also a third working region : 

when V1N < VBE lABS = 0 03 OFF 

Observed that the TTL OUTPUT low level is VL MAX 
0.4V with practical driving circuits the idle current of 
this interface is zero : only at very high junction tem
perature (VBE < 400mV) or with noise margin= VsE 
0.4V) this performance cannot be warranted. 

The output of this circuit is useful to switch off not 
only the power DMOS, but also all the other circuits 
so that the idle current only the one of the input in
terface. 

PROTECTION AGAINST OVERVOL TAGES 

When the supply reaches the maximum operative 
voltage (18V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that VGs of 
any MOS transistor could reach dangerous values 
even during 60V load-dump transistor. 

PROTECTION AGAINST OVERLOAD 
If the design of this device the peculiar inrush cur
rent of incandescent lamps must be considered, in 
fact. 

1) When the tungsten wire is cold its resistence is 
about one tenth of the nominal steady state va
lue (e.g. about 300mQ for a 12V/50V lamp) .. 

2) The decay time constant for the turn on extra
current of an incandescent lamp supplied with 
an ideal voltage source is on the order of some 
milliseconds. 

3) A lamp powered with a constant current slightly 
higher than its steady state value has a turn on 
time on the order of 1 OOmsec. This time compa
rable with human reaction time is too much long 
for all flash-signalling devices. 

The design choice has been to put a 20A current li
mit (that is lmax = 5 I nom for a 50W/12V rated lamp). 
This is a compromise between lamp turn on time 
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(40msec) and electric and thermal dimensioning of 
the device (fig. 8). 

If the high current condition persists (e.g. load short 
circuit) and the junction temperature rises above 
155 ·c a thermal protection circuit turns off the de
vice preventing any damage. 

It must be noted that the power DMOS has no se
cond breakdown, for this reason current limiting and 
thermal shutdown are sufficient to protectthe device 
against any overload. 

Some thermal hysteresis is provided to avoid a po
tentially critical condition (both current and voltage 
present during thermal shut down) for the POWER 
MOS. 

Figure 8 : Lamp Current (IL) and Voltage (VL) vs. 
Time with 20A Current Limitation and 
12V/50W Lamp. 
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FAULT DETECTION 
When the device is driven and one of the protections 
(over temperature, overvoltage, overload) is pre
sent a fault detection open drain output turns-on. 
This output is active also when the drop on the PO
WER MOS is less than 80mV (that is l1oad < 1A) de
tecting the open load (disconnected or burned-out). 

When the device is off the fault detection circuits are 
not active and output transistor is turned off to allow 
a minimum quiescent current. 

MOTOR AND INDUCTIVE DRIVING 
This device can drive unipolar DC motors and sole
noids as well, in fact is can recirculate an inductive 
current when the output voltage goes more than a 
threshold lower than ground. The possibility to have 
a high start-up current is useful also for DC motors. 
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CONCLUSION -FUTURE DEVELOPMENTS 

A process allowing the integration of power DMOS, 
CMOS and BIPOLAR transistor makes possible the 
construction of a monolithic switch comprehending 
also protection and fault detection functions. 

The power DMOS approach allows also the possi
bility to make a large range of power switches with 
different ON resistance and current capability only 
scaling proportionally the power area. 
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Moreover the CMOS structures can be utilized to 
make also the coder/decoder circuit to interface di
rectly the transmission line. 

Those features and the possibility to integrate more 
than one power element on the same chip makes 
possible, in a near future, the integration of the 
whole peripheral unit. 
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VERY LOW DROP REGULATORS 
ENHANCE SUPPLY PERFORMANCE 

Standard three-terminal voltage regulator ICs use 
an NPN transistor as the series pass element, so 
the input-output voltage drop is 1.5V-2V. Low dro
pout regulators using lateral PNP pass transistors 
have been available for several years, but a lateral 
PNP transistor has low gain, so the base current is 
necessarily high, and a low h, so the settling time is 
poor. Moreover, for stability a large output capacitor 
is needed. 

Applying a new bipolar technology (see APPEN
DIX: Technology Is The Key) SGS-THOMSON has 

By Paolo ANTONIAZZI and Arturo WOLFSGRUBER 

developed two 5V low drop voltage regulators that 
use a new vertical PNP transistor structure to obtain 
low dropout and low quiescent current. 

Type L4940 delivers up to 1.5A and offers an input
output voltage drop of 700mV at the fuii1.5A output 
current. A 1 A version, type L4941, has an input-out
put drop of 450mV at 1 A (1 OOmV at 0.1 A). Both 
types have a quiescent current of 15mA at 1 A (4mA 
with no load). Consequently these devices dissi
pates less power, improving the efficiency of any 
supply system (figure 1 ). 

Figure 1 : A voltage regulator using vertical isolated PNP transistor is more efficient than regulators with 
NPN pass transistors because the drop out is lower. And it is more efficient than a regulator 
having a lateral PNP pass transistor because the quiescent current is lower. 
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APPLICATION NOTE 

Compared to other "low drop" regulator the L4940 
and L4941 have other advantages : regulation per
formance is guaranteed right down to the minimum 
input voltage and the device is stable even without 
an output capacitor. Additionally, a special circuit 
limits the quiescent current for input voltages from 
3V to 5V, typically high for low drop regulators be
cause of the saturation of the series regulator. 

The two application areas which benefit the most 
from second generation low drop regulators like the 
L4940 and L4941 are post regulation and battery 
supplies. However, the device brings cost savings 
in any three-terminal regulator application. 

LOW DISSIPATION REDUCES SIZE, 
WEIGHT & COST 

In simple series regulator applications the low dissi
pation of the L4940/1 reduces the size and weight 
of the mains transformer, heatsink and printed cir
cuit board. A comparison between equivalent 5V/1A 
circuits using the L4941 and a standard L7805 regu
lator (figure 2) shows that the L4941 solution is not 
only more compact and lighter, it also costs less 
since the difference in costs between an L4941 and 
an L7805 is less than the cost saving. 

Figure 2 : In simple series regulator applications the L4941 can replace standard three-terminal regula
tors like the L7805, reducing size, weight and cost. Heat dissipation is reduced, too. 

5V:!:20f. 
~ 

COMPARISON BETWEEN L7805 AND L49;41 

L4941 L7805 
Component Value Cost• Value Cost* 

Transformer 22.0V/7.5V $4.8 220V/8.6V $5.4 
9.4VA 11VA 

Diodes 2x1N4001 $0.1 2x1N4001 $0.1 
Capacitors 4.7~tF 10V $0.5 4.7~tF 16V $0.75 

10~tF $0.1 100n $0.08 
Heatsink 20'C/W $0.2 10'C/W $0.3 
PC Area 20cm' $0.27 26cm• $0.35 

$5.97 $6.98 

The L4941 solution, excluding the cost of the IC, is thus $1 cheaper. Moreover it is lighter, more compact 
and dissipates 1.6W less. 

~ guide price for 1 000 pieces. 
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These low drop regulators also bring important 
benefits in supplies using post regulation, the tech
nique where one or more linear regulators follow an
other regulator (often switching), to improve 
precision, reduce ripple and improve transient re
sponse. Though lightweight and cheap, an offline 
switching regulator suffers from poor load and line 
regulation and needs additional chokes and capa
citors to reduce ripple. 

Using standard regulators the efficiency of post 
regulation systems is low because the intermediate 
voltage must be high enough to allow for the post 
regulator's voltage drop. Moreover, a lateral PNP 

APPLICATION NOTE 

low drop regulator has a poor transient response so 
it cannot reject switching ripple effectively. 

If L4940s or L4941 s are used for post regulation the 
intermediate voltage need only be 1 Vabove the final 
output voltage and 40dB SVR can be obtained at 
30kHz. Consequently less power is dissipated both 
in the post regulators and in the pre-regulator, mak
ing post regulation much more attractive -- de
signers can now have the precision, low ripple and 
fast response without sacrificing efficiency. 

Figure 3 shows a typical post-regulation power sup
ply using a switching regulator, based on the L4960, 
followed by L4941 low drop regulators. 

Figure 3: Low drop regulators like the L4941 improve the efficiency of post regulation supplies because 
less power is dissipated and because the intermediate voltage can be lower. In this typical sup
ply design an L4960 offline switching regulator is followed by L4941 post regulators, giving an 
high overall efficiency. 
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APPLICATION NOTE 

IMPROVING BATTERY SUPPLIES 

The second application area where the L4940 and 
L4941 are particularly useful is in battery-powered 
equipment. Because of their lower dropout these 
devices need fewer battery cells -- five, compared 
to the six needed for an NPN regulator. In addition, 
with five NiCd cells the efficiency is 77-96% and the 
cells can be completely discharged. 

The low quiescent current of the L4940 and L4941 
reduces power consumption, prolonging battery life. 
Moreover, since they will continue to provide a 
stable 5V output with input voltages as low as 5.45V 
they also extend the effective battery life by allow
ing continued operation when the battery would pre
viously have been discarded (figure 4). 

Figure 4 : The vertical PNP pass transistor permits a minimum dropout without the penalty of higher quies
cent current, giving a 30-50% longer battery life in equipment drawing a constant current two 
hours a day. 
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APPLICATION NOTE 

Figure 5 shows how an L4941 solution compares with five alternative 5V battery supplies. 

Figure 5 : The L4941 is also useful in battery-powered equipment, prolonging battery life by reducing cur
rent drain and supplying a regulated 5V output until the battery voltage has fallen to 5.45V. Here 
the L4941 solution is compared with five alternatives. 
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1. ZENER REGULATOR -- High current 
consumption when battery fully charged and 
high losses in Rser. 

2. NPN SERIES REGULATOR-- Needs at least 
7Znn/C, 6NiCd or 4Pd cells.. · 

3. DC-DC CONVERTERS -- Complicated and 
costly. Generates EMI and average efficiency 
<= 75%. 

4. DISCRETE LOW DROP REGULATOR-- Bul
ky and performs poorly in comparison with in
tegrated solutions. 
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Figure 5 (continued). 

5 to 6 
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5. LATERAL PNP LOW DROP REGULATORS -
High quiescent current, limited output current 
and stability problems. 

6. L494x VERTICAL PNP"LOW DROP REGULA
TORS -- Need only 6Zn/C cells or 5NiCd cells 
(which are completely discharged). Quiescent 
current is low and average efficiency 80%. 

HIGHER CURRENT teet the external pass transistor when the output is 
To obtain more than 1.5A output current a discrete short circuited. An on-chip protection circuit pre-
PNP transistor can be added to the L4940 as shown vents damage to the L4940. 
in figure 6. lnthiscircuitQ2 is a current limiter to pro- When the load current does not vary greatly higher 

Figure 6 : An external PNP transistor can be added to the L4941 to obtain higher output current. 02 is a 
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current limiter to protect the external transistor. 
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output current can also be obtained by using a shunt resistor as shown in figure 7. 

Figure 7 : If the load current does not vary much a simple way to obtain higher current is to add a shunt 
resistor. 

1.5ohm -
...----. 

Yin L4941 

6.2V 
t151 .l. 

Another way to obtain higher current is simply to 
connect several devices in parallel as shown in 
figure 8. This solution also increases the overall re-

2W 

5V - 1.3A 

t101 

liability of the system and is useful also when relia
bility is of prime importance. 

Figure 8 : Multiple L4941 scan be paralleled to increase both output current and reliability. 

IN OUT 
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Finally, higher current can be obtained with two de
vices in parallel connected to parallel sources (figure 
9). This circuit provides an uninterruptable 1.2A/5V 

output by paralleling the normal line input with a 
backup battery, which is charged through Rlim when 
the AC input is present. 

Figure 9 : Connecting two L4941s in parallel with an AC input and a battery yields an efficient 1.2A/5V 
uninterrutable supply. 

7.2lJ 

5 x NiCd 

CELLS 
5 Ah 

USING THE L4941 AS A MODULATOR 
Apart from power supply applications, the L4941 
can be used as a modulator (figure 1 0). The modu
lator part of this circuit is also useful in the lab as a 
supply for SVR measurements or generally as a 

5U-1. 2A 

t18BL 4941-82 

basic circuit for an amplifier or generator driving re
sistive loads. The average output voltage can be 
varied by adjusting the divider on the non-inverting 
input of the op amp. 

Figure 10 :The L4941 can be used as a modulator as illustrated in this circuit. 

8/9 

812 

AUDIO 
INPUT o------1 

1Upp Max . .J.. • 

USC ITA 
MOO. AM 



APPLICATION NOTE 

APPENDIX : TECHNOLOGY IS THE KEY 

In parallel with the emergence of mixed bipo- SON MICROELECTRONICS Multipower-HDS2 P2 

lar/DMOS processes, pure bipolar technology has (HDS2 P2 = High Density Super Signal/Power Pro-
made significant advances, too. One of the most im- cess) used to design the L4940 & L4941 low drop 
portant of these advances ? the development of a regulators, a 20V "Multipower" process which offers 
new power PNP transistor structure -- the isolated NPN & ICV PNP power transistors, small signal 
collector vertical PNP (ICV PNP) --which is similar NPN & PNP transistors, Ill logic, ECL logic and a 
in performance to NPN power transistors. new low leakage drode structure (see fig. 11 ). 

The ICV PNP is a key element in the SGS-THOM-

Figure 11 : Multipower bipolar process with new ICV-PNP (isolated collector vertical PNP), similar in per
formance to NPN power transistors. 

B C C BE C 

I I L NPN 

This process is characterized by an exceptionally 
high current density-- 6Aimm2 for NPN transistors ; 
2Aimm2 for PNP transistors (at VsAT= 1V, HFE = 1 0) 
--and very high density in the signal processing sec
tion. 

Thanks to the ICV PNP power transistor structure, 
designers can choose any output configuration -
low side, high side, half bridge, bridge. In addition, 
the low voltage drop of the ICV PNP is very useful 
in applications where the dropout voltage is critical
in voltage regulators and automotive solenoid dri
vers, for example. 

Another new structure offered by Multipower-HDS2 

P2, the Low Leakage Diode (LLD) is very useful in 
power ICs driving inductive loads. With a parasitic 
PNP gain about four orders of magnitude lower than 

C E B C R K R 

ICV PNP LLD 
5- 9427 

conventional diodes, the LLDs reduce dissipation in 
the chip -- always an important consideration in 
power IC design. 

Multipower-HDS2 P2 can be applied in simple pro-
ducts where an ICV PNP output stage is needed 
such as the L4941. Moreover, because it allows the 
integration of very complex control circuits it is also 
used for power ICs which integrate a complete 
power subsystem such as the L6217, a single chip I 
microstepping drive for stepper motors. 

A similar process rated at 60V -- Multipower-S2 P2 

--has also been developed. While Multipower-HDS2 

P2 is aimed at low voltai!e, high complexity applica
tions, Multipower-S2 P is intended for higher volt
age applications with medium complexity control 
circuits. 
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FULLY PROTECTED HIGH VOLTAGE 
INTERFACE FOR ELECTRONIC IGNITION 

INTRODUCTION 

It is well known that an electronic car ignition sys
tem must be able to generate and supply the high 
energy discharge to the spark plugs, firing the pe
trol/air mixture at a precise point in each piston 
cycle.This job is performed by means of an high en
ergy coil, its driver stage and the most suitable con
troller ; an example is shown in fig. 1. 

In the most recent car ignition systems the coil cur
rent loading signal is controlled by a microproces-

Figure 1 : Car Ignition System. 
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sor that can also optimize the ignition timing. This 
ensures the correct spark at every speed for all en
vironmental conditions. 

The engine efficiency is so optimized ensuring the 
minimum toxic exhaust gas emission. 

The high voltage necessary to generate the spark 
is obtained by charging the primary winding of the 
ignition coil with a controlled energy, i.e. a control
led current. 

IIITERFACE 

AIIJ 

COIITROl 

POWER ACTUATOR 

' HIGH UOLTA&E 

I All! 

SUPPLY 
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APPLICATION NOTE 

At the firing point this current is suddenly interrupted 
transferring the stored energy to the secondary 
winding and produces output voltage in excess of 
20KV and therefore the spark. 

The fig. 1 power actuator must also limit the current 
to a max of 1 OA and the voltage on the primary to a 
maximum of about 400V. 

The voltage clamp avoids any damage to the power 
actuator : if the spark plug, for example, is discon
nected, the energy stored in the coil is transferred 
back to the power actuator. 

The device described in this paper realizes these 
power actuator functions with a very innovative in
tegrated single chip solution. 

THE VI POWER M1 TECHNOLOGY 

The VI Power M1 structure shown in fig. 2 combines 
a vertical current flow NPN power transistor and a 

Figure 2: VI Power Technology Vertical Structure. 

H - EPI 

It+ SUBSTRATE 
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low voltage junction isolated I.C. on the same sili
con substrate. 

This is realized inside a diffused p-type well that 
takes the place of a reverse-biased p-substrate of 
conventionaiiCs and must be connected to the most 
negative supply. 

As in a standard discrete BJT, the first epitaxial layer 
thickness and resistivity set the Vceo and the 
ruggedness of the high voltage device, the second 
epi growth fixes the features of the low voltage com
ponents (up to 1 OOV Vcso). 

The maximum voltage the power device can with
stand is neverthless also dependent on the maxi
mum field strentgh at the silicon surface and on the 
n+/p-well parasitic diode breakdown voltage. 



The high voltage termination of the integrated circuit 
is achieved by a p-diffused resistor in spiral from 
connected between the sutistrate (power darlington 
collector) and ground. 

DEVICE CHARACTERISTICS 

The device realizes the ignition, power actuator sub
system of fig. 1. 

Figure 3 : Device Block Diagram . 

APPLICATION NOTE 

In the block diagram of fig. 3 the power Darlington 
with its driver and input stage, the current limit, volt
age clamp circuitry and the overvoltage protection 
are shown. 

.--------p---------~---<J VaATT 

A TTUCMOS compatible input signal coming from a 
logic interface, like a microprocessor, determines the 
turn on of the power darlington integrated in the chip. 

The darlington collector current charges the coil li
nearly as long as a set level is reached, typically 
6A ± 3%, sensed by an internal aluminium emitter 

HVC 

Rs 

GND 
SC-026111 

resistance. 

The voltage drop on this resistor is compared with 
an internally generated threshold (- 200ruV) and 
limits the current, thus controlling the Darlington 
base current until the input signal causes the output 
Darlington to switch off. 
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Photo 1 shows the coil current behaviour together with the corresponding input signal. 

Photo 1 : Collector Current and Corresponding Input Signal. 

The current loop is made by compensated oper
ational amplifier ensuring enough precision of the 
set value and hence of the stored energy without re
quiring external components. . 
The regulation stability is intact mandatory in the car 
ignition system to avoid spurious sparks on the sec
ondary coil winding. 
During the current limiting phase, the Darlington col
lector voltage reaches the battery voltage minus the 
voltage drop on the coil (due to the primary resis
tance). It causes high power dissipation in the power 
actuator which the microprocessor minimizes by de
laying the output Darlington switch on. 

Photo 2 : Collector Voltage During Coil Charging. 
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Input signal (5V/div) 

Coli. current (2A/div) 

The overvoltage on the power Darlington collector 
during the transition from the coil charging to the cur
rent limiting phase is low enough to avoid undesider
able sparks. 

At the input signal switch-off the power Darlington 
is immediately turned off and the energy stored in 
the coil is transferred from the primary to the sec
ondary winding causing the spark. 

The collector voltage of the power Darlington then 
rises very rapidly and is detected by the spiral resis
tor used as the high voltage termination for the chip. 

Coli. volt. (5V/div) 

Coli. current (2A/div) 



This resistor, used as a divider, is connected to a 
low voltage zener circuit thatturns on the power Dar
lington, holding the collector voltage at a value 
determined in the chip(- 400V ± 10%) which is less 
than the Darlington VcEo. 

Photo 3 : Voltage Clamp. 

Fig. 4 shows the application circuit for this device. 

Figure 4 : Application Circuit . 

Rs ) 
300fi 

4 

APPLICATION NOTE 

Photo 3 shows the collector voltage during the 
clamp in absence of the spark plug i.e. the worst 
case for stress on the integrated circuit. 

Input signal (5V/div) 

Coli. volt. (100V/div) 

( 1 Ro ~ son. 
~ LH V. 

2 

J.IP s VB020 J 

board 

Two separate pins for the supply : pin 4 and pin 2, 
are connected to the battery by means of two differ
ent resistors. 
Pin 2 represents the supply of the driver with a cur-
rent of up to 200mA. '-
Pin 4 is the supply for the rest of the circuit 

1 
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Photo 4 : The Die. 

Figure 5. 

ISOWATTS 

CONCLUSION 
The ignition controller described in this paper com
pletely substitutes the existing hybrid solution which 
requires additional components and manufacturing 
processes (i.e. insulating substrates, ink layers, ac
tive and special passive devices, laser trimming, en-
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capsulation etc .. ). This single chip solution leads to 
an intrinsic increased compactness. The sub
sequent higher reliability is further enhanced by the 
known advantages of integration. 

Additionally to that a cost reduction benefit through 
this approach is also achievable. 
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NEW LEVELS OF INTEGRATION 
IN AUTOMOTIVE ELECTRONICS 

by Riccardo Ferrari , Marco Morelli 

One of the fastest growth areas today in electronics is in the automotive field. In this note the 
authors describe the particular needs of this field and some typical dedicated ICs developed by 
SGS-THOMSON. 

INTRODUCTION 
Since the early seventies, more and more func
tions have been added to our cars not only with 
the purpose of guaranteeing a better comfort to 
drivers and passengers, but also to reduce opera
ting costs and finally to ensure compliance with 
new regulations concerning noise and pollution 
are concerned. Because of all these needs, cars 
have to house more and more modules designed 
to perform more or less complex operations (Fig. 1 ). 

This growth makes more and more evident the 
need to repuce the room taken by each module, 
with the double target of minimizing the cost of 
the particular function and increasing the number 
of functions in a specific car; in parallel, by in
creasing the number of modules, it becomes 
mandatory to increase the reliability of each of 
them, otherwise the reliability of the total car 
would be badly affected. 

All these issues recently pushed the manufac
turers of automotive systems to refer very often to 
producers of integrated circuits asking for the de-

velopment of monolithic devices capable of re
placing effectively a number of discrete compo
nents, passive parts included; anyway the trend 
to a total integration is not over by just designing 
onto a simple piece of silicon a complete function, 
but it carries on implementing in the same device 
a number of auxiliary services, that would add a 
substantial cost if achieved by discrete compo
nents, that can easily find place on a few extra 
square millimeters of silicon. 
To that purpose the example given by the alterna
tor regulator, subject of a specific description in 
the following pages, is particularly enlightening. 
Figure 2 shows briefly the evolution of the alter
nator regulator paralleled with the evolution of the 
silicon technology; it is evident that the key issue 
to pursue the monolithic design of very complex 
functions in the automotive environment is the 
availability of process capable to host on the 
same chip high density signal circuitry, together 
with power stages managing currents of several 
amperes; a process with these characteristics is 
usually called "smart power" process. 

Figure 1: Electronics in present and future automobiles. 

SAFETY & CONVENIENCE BODY CONTROL POWER TRAIN DRIVER INFORMATION 

Rear Window Delo~mer Crwse Control Jomt1on Digital Gauoes 

Climate Control Intermittent Wipar Spark T1minq Digital Clock 

Kevless Entrv Antitheft Devices Voltaoe Reaulator Multitons Alarms 

Automatic Door Lock Electr. Suspension Alternator Engine Diaan. Results 

Light Dnmmer Electr. Steering Idle Speed control Serv1ce Reminders 

Traction Control Multiplex Wiring Turbo Control Miles to Empty 

Antiskid Braking Module to Module Em1ss1on System Shift Indicator 

Window Control Commumcations Transmiss. Control Head-up Disolav 

Memory Seat Load Sensit. Brakina Diaqnostics CRT Display 

Heasted Windshield Hard/Soft Ride Control Aud1o Annunciator 

Voice Controlled Trunk 

Airbag Restraints 

AN449/1192 1/9 

821 

I 



APPLICATION NOTE 

Figure 2: Alternator regulator evolution. 
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TECHNOLOGY OVERVIEW 

Over the years SGS-THOMSON has developed 
various technologies that allow the realization of 
smart power circuits. The simplest way to classify 
these technologies is to refer to the process type, 
which can be purely bipolar or mixed, that is, in
cluding on a single piece of silicon both MOS 
structures (of control and power) and bipolar 
structures. 

Figure 3: Integrated DMOS structures. 

1 OR MORE HV LDMOS DEVICES 
WITH COMMON SOURCE 

: .... 

MONOLITHIC 

Another method (figure 3) is to examine the way 
in which the current flows through the power sec
tion; horizontal, with the current entering and 
leaving through the upper surface, or vertical, 
where the current enters through the upper sur
face and leaves through the lower surface; for this 
lower connection, instead of wire, the tie bar of 
the package is used. 

:o: 

~ MltfUIMitl•ft 

MANY POWER VDMOS DEVICES 
ANY CONFIGURATION 

1 OR MORE HC VDMOS DEVICES WITH 
COMMON DRAIN 
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MUL TIPOWER BCD/60 vs. BCD6011 

BCD20/60 BCD6011 

Junction isolation down up and down 

F1eld oxide Tapered oxide Locos+ field implant 
VDMOS R on• Area (n·mm2) 0.9 0.5 

LDMOS R on• Area (n•mm2) 0.6 0.25 

CMOS tr. density (mm'2) 650 1500 

CMOS thres. voltage (V) 1.3 1 

min. NPN area (mil2) 11 4 

min. PNP area (mil2) 15 5 

Number of masks 12/14 13/15 

The choice of one technology rather than another 
depends on various elements. By simplifying as 
far as possible the criteria, we can say that verti
cal technologies can guarantee, for a given area, 
lower resistances but they have the limitation of 
being able to include just one power device per 
circuit (or more than one, but always with the col
lectors or drains short-circuited). Horizontal tech
nologies instead make it possible to have power 
structures that are completely independent. It is 
therefore evident that a vertical technology will 
give excellent results in the design of a light 
switch, while a horizontal technology will be 
equally well suited to the design of a multiple ac
tuator. 

Figure 4: Mixed bonding technology. 

Finally we have to underline that the continuous 
evolution of the silicon technologies has already 
made available, for the design activity, second 
generation processes, offering to the user both 
higher component density in the signal section 
and higher current density in the power area, so 
that in some cases the limit to achieve very low 
values of resistance does not come from the sili
con, but from the bonding wires. An example of 
comparison between a first generation smart 
power technology - today in full industrial produc
tion - and a second generation one - today avail
able for new designs - is given in Table 1: the 
way is open to processes that will allow the de
sign - on the same chip-actuators - of several am
peres together with microcontroller of not negli
gible power. 

It is important at this point to underline that a 
smart power circuit does not consist of just silicon 
technology, but relies heavily on package tech
nology. In fact it is well known that a signal device 
is bonded using gold wires with a diameter of 25 
microns; however, gold wires can be used effec
tively up to diameters of 50 microns, which allows 
reliable operations with currents up to 2A, pro
vided that the wire is surrounded by resin (the 
current capacity drops by 50% for wires in free air 
-that is, in the case of hermetic packages). 
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Figure 5: Power packages . 
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When, however, one has to deal with very high 
currents (more than 5A in single-point injection 
actuators, and more than 1 OA for window lift mo
tors) gold wires are no longer suitable for obvious 
cost reasons so it is necessary to turn to alu
minum wires with a diameter from 180 microns to 
375 microns; clearly in this case it will be necess
ary to have adequately dimensioned bonding 
pads on the die, with a significant waste of silicon 
area. 
Optimization is obtained with a mixed bonding 
technology where signal pads are bonded with 
thin gold wires and power pads with thick alu
minum wires (figure 4). A further optimization is 
obtained by orienting the pads in the pad-to
bond-post direction. 
Finally, another key area for a real industrial im
plementation of a smart power device is packa
ging; SGS-Thomson has a reputation of unparal
leled excellence in the development and in the 
production of packaging techniques to meet 
power dissipation even in the presence of high 
pin count, and several innovative SGS-Thomson 
packages have been adopted as worldwide in
dustry standards; in Figure 5 several types are 
displayed, including hermetic metal can, particu
larly suitable for components, such as the alterna
tor regulators, that have to operate at a rather 
high temperature, with junction temperature that 
may exceed 150°C, in an extremely severe envi
ronment, since the regulator is usually exposed to 
any kind of dangerous element, such as grease, 
sand, dust, salt water and so on. A quite original 
power package for surface mounting, combining 

a low Rth 1-case (less than 3°C) with a small geo
metry, is under development in our laboratory. 

THREE EXAMPLES 
THE ALTERNATOR REGULATOR. 
We have already briefly mentioned the evolution 
of the alternator regulator, but it is worth covering 
with some more details the history of this func
tion. 
Since the simple realization of so-called mono
function regulators by means of discrete compo
nents - diodes, transistors and resistors - the pro
gress of the technology allowed the design of a 
monolithic component, still monofunction: in par
allel, to provide the driver with more information 
about the status of the charging function, multi
function regulators were designed, but the power 
remained external, on a separate component 
A further improvement came with the assembly 
technology on a ceramic substrate, housed in a 
single package, but still several chips of silicon 
were needed. 
Now SGS-Thomson has reached the maximum 
level of integration by designing a monolithic 
multifunction regulator and offering to the cus
tomer a device that minimizes the assembly oper
ations and maximizes the reliability because of 
the single piece of silicon and the minimum num
ber of connections between the silicon itself and 
the rest of the system: nevertheless the accuracy 
of the regulation and the number of possible mal
functions monitored by the circuit are well above 
what offered so far by the market 
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Figure 6: Block diagram of alternator regulator. 
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The main characteristics of the device are sum
marized in Table 2 and the block diagram of the 
circuit is displayed in Figure 6. 
The choice of the technology required a particular 
care and was driven by the following factors: 

1 )A circuit for the regulation of the alternator 
voltage, even if equipped with a complex di
agnostic, is however a circuit where the 
power section, including the field drive in low 
side configuration and the free wheeling 
diode plus a big active zener diode, takes a 
significant share - about one third of the total, 
(see Figure?); therefore a bipolar process has 
been selected. 

2)0n the other side, about 600 small signal de
vices had to be integrated, and because of 
that a technology with a good intensity was 
mandatory, otherwise the total economy of 
the program would have been affected. 

3)Finally an alternator regulator must be able to 
withstand very severe voltage transients, as 
fixed by ISO 7637/1, with voltages up to 270V 
and energy up to 50 joule, that arise on the 
car electrical network, for instance, if a sud
den misconnection of the alternator occurs. 

Table 2: MONOLITHIC ALTERNATOR 
REGULATOR 

• Low side configuration 
• No external component 
• Accuracy on regulated voltage better than 

1% 
• Precise temperature coefficient 
• Self-oscillating analog regulation loop 
• Minimized field current at alternator stopped 

(500 mA max) 
• Maximum field current trimmed at SA, with 

1.5V saturation voltage 
• Full Diagnostic: alternator stopped 

Broken belt 
Extra voltage 
Broken wire alternator-battery 

• Protected against short circuit (current limita
tion and thermal shutdown ) 

• Protected against short circuit of fault lamp 
driver 

• Protected against extravoltages according to 
ISO 7637/1 
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Figure 7: Die of the alternator regulator. 

Considering all of the above, SGS-Thomson has 
selected a high voltage process, internally named 
BSOII, fully bipolar, horizontal, with lithography of 
3Jlm, and more than 1 OOV of breakdown voltage 
in the VCBO condition. 
The device is encapsulated in an hermetic pack
age, T0-3 multileads, with bonding wires of 5 
mils, able to carry continuous current up to 7 am
peres (see again Figure 7). 

Figure 8: Injector driver. 

THE PEAK & HOLD INJECTOR DRIVER 
Let us now consider the U140, another compo
nent designed by SGS-Thomson to make avail
able to the user a complex function on a simple 
chip; it is an actuator to drive in low side configu
ration the fuel injector in "single point" injection 
system. 
As it is well known, quite essential for a good effi
ciency of the injection system is the capability to 
fix in the best way the time while the injector is 
opened, since that time is directly proportional to 
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Figure 9: The injector drive is totally autonomous in fixing the current levels in the different phases, as 
well as the sampling of the holding current. 

the quantity of fuel transferred to the intake man
ifold. 
Particularly important to fix the fuel volume are 
the opening and the closing time of the nozzle, 
since both must be extremely fast; now, a single 
point injector needs a consistent current in the 
opening phase - up to 5A at the "PEAK" - but 
once opened, less current is enough to maintain 
the status - "HOLD" -. At the end of the cycle, fi
nally the driving current must be switched off in a 
time as short as possible. The U140 meets all the 
above mentioned requirements: in addition, in the 
"HOLD" phase a further reduction of the current is 
achieved by switching on and off the driver stage 
(Figure 8), so reducing the power consumption 
and, as a consequence, the junction temperature. 
A special mention shall be paid to the transition 
from "HOLD" to the "OFF" condition; as already 
said, it is quite important to reduce as much as 
possible this time; in the U140 that is achieved by 
discharging the inductor through an active zener 
set at a quite high voltage (about 70V), and that 
guarantees the closing of the injector in less than 
50 sec. The same diode is set at 3V in the HOLD 
time. No external component is required by this 
circuit, that interfaces directly the microcontroller 
of the engine management system; by the way, 
the microntroller has just to fix the start and the 
end of the injection time, since the U140 is totally 

autonomous in fixing the current levels in the dif
ferent phases, as well as the sampling of the 
holding current. (Figure 9). 
The device incorporates a very sophisticated di
agnostic (see again Figure 8), and transfers to the 
microcontroller all the relevant information on 
the status of the load. 
The advantages of this monolithic devices are 
quite evident, if compared with existing solutions 
which need not less than 15 components includ
ing at least one IC and two discrete transistors, 
but are not limited to cost and room reduction, 
and to a consistent increase of the reliability: as a 
matter of fact the monolithic design allows to get, 
practically at zero cost, a very accurate value of 
the voltage of the recirculation diode, improving 
the accuracy on the ON time of the injector, and, 
last but not least, a diagnostic covering all the 
possible failure modes of the load. 
The circuit is realized with SGS-Thomson's BCD 
technology, a mixed process including Bipolar, 
CMOS, and DMOS structures on the same chip; 
the input section is therefore able to interface di
rectly a microcontroller, and the low side driver is 
designed with a DMOS having an RosoN of less 
than 0.5 ohm. As already explained the recircula
tion diode is set at 70 volt in the transition from 
HOLD to OFF; because of that we selected the 
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Table 3: MONOLITHIC PEAK AND HOLD INJECTOR DRIVER 

• Low side configuration 
• Peak current function of battery voltage to provide a constant charging time 
• Fast recirculation voltage independent from battery voltage 
• Slow recirculation at max 3V 
• Off time and peak current in hold condition internally fixed 
• Full diagnostic: - open load 

- short circuit to ground and battery 
- thermal warning 

BCD1 00, an option with a minimum breakdown 
Drain-Source voltage of 1 OOV. 
All the main features of this innovative device are 
listed in Table 3. 
REARVIEW MIRROR DRIVING 
While we are on the subject of higher levels of in
tegration it is useful to mention the developm~nt 
of circuits for the multiplex wiring system, wh1ch 
replaces conventional cabling with a common bus 
and "intelligent" switches. 
The intelligent switch circuits are key compon~nts 
for the multiplex system, and one of these 1s a 
multiple driver IC,the L9946, developed by SGS
THOMSON for rearview mirror driving applications. 
This IC integrates all of the control functions and 
power circuits needed in the electronic exter~al 
rear-view mirror unit now being adopted for h1gh 
end cars and is the first chip to integrate these 
functions. (see Figure 1 0). 

Figure 10: Block Diagram of the L9946. 
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An important feature is that the IC is controlled di
rectly by a microprocessor - all of the possibl~ 
drive conditions are controlled by loading 4-blt 
commands and the L9946 generates the appro
priate motor control signals. 
No external power circuits are needed because 
the L9946 drives directly the two motors used for 
mirror orientation (f.lp/down and left/right), the 
motor that "folds" the mirror for maneuvering and 
the demister heating element. In a typical applica
tion the chip is used in multiplex door wiring sys
tem where the door is connected to the body by 
three wires and all door functions controlled re
motely using smart chips. 
Inside the chip are four DMOS half bridge power 
stages which drive the three bidirectional DC mo
tors, plus a DMOS high side driver that drives the 
demister element. Control logic integrated on the 
chip decides how these transistors are to be 

EN 
DRQ 
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Table 4: MULTIPLE HALF-BRIDGE DRIVER 

• 4.75A TOTAL OUTPUT CURRENT 
• VERY LOW CONSUMPTION IN OFF STATE 
• OVERLOAD DIAGNOSTIC 
• OPEN LOAD DIAGNOSTIC 
• GROUNDED CASE 

switched to achieve the desired motion - includ
ing rapid braking. Two of the half bridges are 
rated at 1 A output current; the other two half 
bridges and the high side driver are capable of 
delivering up to 4.75A. 
In common with many other dedicated automotive 
ICs the L9946 incorporates diagnostic functions. 
Conditions such as overload and open load are 
signalled to the control micro so that appropriate 
action can be taken. In addition there is a standby 
pin that allows the micro to put the L9946 into a 
dormant state when it is not needed. 

CONCLUSIONS 

We think we have demonstrated that the indus
trial availability of processes capable to match, on 
the same silicon, high power and complex control 
functions is the key element to the integration of 
completed functions on a single chip of silicon. 
The examples described demonstrate that SGS-

Thomson has developed a technology portfolio 
that can offer different answers for different appli
cations, always optimizing the trade-off among 
the various needs. 
On the other side, all the above considerations 
would have a merely academic interest if they 
were not associated with a convenient cost. It is 
clear that the monolithic integration of complex 
functions implies the use of not negligible areas 
of silicon, and that even in presence of high den
sity processes. 
It is therefore important to devote adequate re
sources to the diffusion technique, to increase the 
yield of each process. 
Today's chips, up to 30mm2 (and all the thee 
examples are below that limit) can be produced at 
prices competitive with an equivalent discrete sol
ution, and in the second half of the 90's the target 
will be expanded up to areas of 40mm2, giving a 
green light to the monolithic design of complete 
modules. 

9/9 
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HIGH CURRENT MOTOR DRIVER ICs 
BRING AUTOMOTIVE MULTIPLEX CLOSER 

by Riccardo Ferrari & Sandro Storti 

Smart power /Cs delivering up to 25A complete the family of power components needed in auto
motive multiplex systems, making it possible to drive even a window/iff motor directly. With these 
/Cs the large-scale adoption of partial multiplex schemes moves much closer. 

One of the essential prerequisites for the large
scale introduction of multiplex wiring systems for 
vehicles is the availability of high power ICs ca
pable of driving lamps, motors, solenoids and re
lays. These ICs must be able to survive in an ex
ceptionally hostile environment, they must be 
highly reliable and - since so many are needed 
in each vehicle- they must be inexpensive. 
Many power ICs suitable for this emerging market 
have already been introduced, but a gap was left 
at the high current end of the range, where ICs 
delivering 20A or more are needed to drive loads 
like windowlift motors. 
Today SGS-THOMSON has filled this gap with 

new power ICs that exploit technologies that 
make it possible to build very high current ICs that 
are both reliable and economical. Two such ICs 
are the L9936 half-bridge motor driver and the 
L9937 full bridge motor driver. 
The L9936 (figure 1a) contains a half-bridge cir
cuit capable of delivering 20A de current, which is 
sufficient to drive directly a windowlift motor. 
Since the motor is bidirectional two of these de
vices are used to make a complete drive stage. 
Designed for lighter loads, the L9937 (figure 1 b) 
contains a full bridge delivering up to 6A con
tinuous (12A peak for starting). A single L9937 
device drives a bidirectional de motor. 

Figure 1a: Capable of delivering 25A, the L9936 half bridge driver is a smart power IC suitable for 
driving windowlift motors in automotive multiplex wiring systems. 
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Figure 1 b: A full bridge driver, the L9937 delivers 6A (1 OA peak) and is used in motor driving 
applications such as doorlock driving. 
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Both of these ICs are fabricated using an en
hanced bipolar power process and a new mixed 
bonding technology. Bipolar technology has been 
adopted for these circuits - rather than the 
"BCD" mixed bipolar/CMOS/DMOS technology 
used for other multiplex switches - for several 
reasons. First of all, when very high currents are 
involved the resistance of the silicon is no longer 
dominant - half of the series resistance is 
caused by the metallization tracks on the surface 
of the chip and the bonding wires. Consequently 
there is nothing to be gained by using DMOS 
technology to further reduce the output transistor 

AUTOMOTIVE MULTIPLEX WIRING SYSTEMS 

resistance. Figure 2 shows the contributions to 
the saturation resistance of a power NPN transis
tor in the BHP20 process used for these ICs. The 
use of thick metal (6 microns) significantly re
duces voltage drop with high load currents in this 
technology. 
Another reason for using bipolar technology is 
that the substrate currents generated in the sub
strate when 20A load current recirculates would 
affect low-level CMOS logic. In the L9936 and 
L9937 high-level bipolar logic is used in the con
trol stages to avoid this danger, giving excellent 
noise immunity. Interfacing to this high-level logic 

Multiplex wiring is the system where a conventional wiring harness is replaced partly or completely by 
a single, common bus which carries power and control signals throughout the vehicle. Each load is 
equipped with an electronic switch that recognizes commands on the control bus and returns status 
information. 
There are many different standards for the multiplex bus, of which the simplest is a three-wire 
scheme having one wire for the battery, one for control data and a common ground. Extra wires are 
sometimes added for more reliable transmission. 
In a typical operation sequence, such as turning on a lamp, the control switch will cause a suitable 
command to be transmitted on the bus. The smart switch controlling the lamp will recognize the com
mand and attempt to turn on the lamp. A signal indicating successful or unsuccessful completion is 
then returned on the bus. 
Advantages of multiplex wiring are weight reduction, easier assembly, greater reliability and simpler 
fault diagnosis & repair. The simplicity of multiplex wiring is particularly important in critical points such 
as the connection between the driver's door and the rest of the body; in one case 27 wires were re
duced to just three by the adoption of a multiplex subsystem. 

Crucial to the success of multiplex wiring is the availability of electronic switches that can guarantee 
the necessary reliability and performance. Multiplex wiring is already used in small scale trials and will 
be adopted on volume produced vehicles in 1991. 
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Figure 2: In very high current ICs the voltage drop of the metallization and the bonding wires becomes 
significant. This example, a power transistor realized with the BHP20 process (used for the 
L9936 and L99:l7) indicates typical values. Because of this problem it is more important to 
optimize the metal resistances than that of the silicon. 
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• SILICON 14 mO 

THIS IS OBTAINED BY: 

• USING DOUBLE METAL 

THICKNESS (0.7 + 5 ~m) 

is performed in the bus interface chip which will the power ICs. 
be placed between the L9936/7 and the multiplex The mixed wire bonding technology used in the 
bus. Since these interface chips are system de- new ICs is clearly visible in the photo, figure 3. 
pendent they are always developed for a specific Because of the high current it is not possible to 
application, rather than being standard parts like use the standard thin gold wires employed in 

Figure 3: The mixed bonding technology used in the L9936- shown here after bonding but before 
encapsulation- reconciles the conflicting requirements of current and silicon area. Thick 
aluminum wires are used for the power connections; thin gold wires for the signal connections. 
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standard ICs. Thick gold wires are out of the 
question, partly because of cost, but also be
cause they are too rigid to bond to the chip with
out damaging it. 
One alternative, widely used in simple power ICs, 
is to use thick aluminum wires. However, a thick 
aluminum bonding wire needs a large bonding 
pad on the die. In a simple device like a 3-termi
nal regulator this is not a problem because there 
are few such pads, but for more complex ICs with 
eight or more connections the wasted silicon area 
would be excessive. 
Another alternative, still used by some com
panies, is to use two or more thin gold wires in 
parallel for each power connection. This solution, 
however, is costly because more gold wire is 
needed and it is prone to reliability problems be
cause it is extremely difficult to verify each bond. 
Moreover, for the currents used in multiplex appli
cations so many parallel wires would be needed 
this method would be totally impractical. 
SGS-THOMSON has developed and indus
trialized a different solution: a mixed bonding 
technology where thin gold wires (50um) are used 
for signal connections and thick aluminum wires 
(250um) are used for power connections. The two 
bonding wire types can be clearly seen in figure 
3. Note also that the bonding pads for the alu
minum wires are oriented in the direction of the 
wire to avoid needless waste of silicon area. 
Because gold and aluminum are bonded using 
different techniques this has necessitated a two
step bonding operation. Moreover, because of the 
combination of different bonding metals the lead
frame has to be plated with a special gold alloy. 
This plating is selective, being applied only to the 
bond area, partly for economy and partly to avoid 
gold on the external leads, which could contami
nate soldering baths, causing reliability problems 
on PC boards. 
Different bonding techniques are used to weld the 
two types of wire to the surface of the chip. For 
the thin gold wires the thermosonic method is 
used where an electric discharge first creates a 
small ball on the free end of the wire; this ball is 
then pressed onto the bonding pad and vibrated 
rapidly (in the ultrasonic range), causing the gold 
ball and silicon surface to weld together. 
The thicker aluminum wires are bonded using the 
simpler ultrasonic method, where the wire is sim
ply pressed onto the surface of the chip then vi
brated rapidly to weld the wires to the pad. Be
cause more vigorous vibrations are used in this 
technique the aluminum wires are bonded first, 
followed by the gold wires. 
To guarantee automotive-level reliability the 
bonds are pull tested on a sample of parts. In this 
test the wires are pulled to determine their break
ing strength. Gold wires must resist a force of at 
least 15g; aluminum wires must resist a pull of 

Figure 4: After molding and cropping the finished 
part looks like this. This eight-lead 
version of the Multiwatt package
first developed by SGS-THOMSON in 
1979- has wider lead spacing to suit 
the large high current PCB tracks. 

130g. Moreover, the wire must break leaving the 
bonds intact- if a bond detaches before the wire 
breaks the part fails the test. 
The L9936 is housed in a new eight-lead version 
of the successful Multiwatt package, originally de
veloped by SGS-THOMSON in 1979 (figure 4). 
This version has eight leads in line at 0.1" 
centers, rather than the usual two rows of leads. 
This makes the Multiwatt-8 package suitable for 
very high current devices where wide PCB tracks 
are needed. An 11-lead Multiwatt package is 
used for the L9937. 
The new package also has a larger die flag - to 
accommodate today's large chip sizes - which 
has necessitated the addition of new antistress 
features in the frame design. These features en
sure a dependable adhesion between frame and 
resin - essential for humidity resistance - and 
isolate the die flag mechanically from the external 
tab to ensure that the die is not damaged if the 
tab is deformed during mounting. 
In a typical application both the L9936 and L9937 
are used with a customer specific interface chip 
which handles bus interface and protocol hand
ling functions. Two different approaches at the 
system level are used today (figure 5). In the first 
case each load has its own interface, connected 
directly to the multiplex bus. An alternative is to 
combines several load units into a single module; 
this approach is very attractive in situations like 
door multiplex where there is a high concentration 
of loads in a distinct and fairly compact assembly. 
Figure 6 shows a generic door multiplex solution 
of the second type, illustrating the role of the new 
high current bipolar driver ICs. In this example an 
L9937 drives the door lock motor, two L9936's 
drive the windowlift motor, a VN02 high side 
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driver IC drives a hazard warning light (the light Pure bipolar technology is used only for the very 
on the edge of the door that turns on whenever high current ICs. For all of the other parts a mixed 
the door is opened) and an L9946 multiple half- bipolar+CMOS+DMOS technology has been 
bridge IC drives the three rear-view mirror motors chosen because of the higher efficiency of DMOS 
(two for mirror adjustment and one for "folding" of power stages and because it allows the integra-
the whole mirror unit for car washes and so on) tion of complex parts. The L9946 multiple half 
and the mirror de-icing heater. All of these inte- bridge, for example, has a four high power half 
grated circuits are available today. bridges plus a microprocessor interface all on the 

Figure 5: Two approaches are being used for multiplex systems. In the first each load has it~ own bus 
interface; in the second loads are grouped together and share a common electromcs module. 
This approach is used in door multiplex systems, where the loads are all close together and 
multiplex wiring used primarily to reduce the number of wires passing from the body to the 
door. 
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Figure 6: A typical door multiplex solution will use a mixture of high current bipolar power ICs and BCD 
power ICs. Solutions of this type will be on production models in 1991. 

same chip. 
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A SOLID STATE BLINKER 
FOR AUTOMOTIVE APPLICATIONS 

by Sergio Ciscato 

Using dedicated power ICs today it is possible to make a car blinker circuit without relays. The 
benefits are simpler cablinng and better reliability. 

Present car direction indicator system generally 
use a dedicated integrated circuit as the SGS
THOMSON L9686 in conjunction with a relay to 
control the flashing of the lamps. A high current 
electromechanical switch is necessary to turn on 
the right or the left direction indicator lamps; to 
provide the emergency blinker feature a 3-pole 
power switch is needed too (see Fig. 1 ). 
The first disadvantage of th1s system is the high 

Figure 1: Traditional System 
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number of power connections between the mas
ter module and the switches; in addition, the high 
currents flowing through the switches and across 
the relay contacts decrease their lifetime and con
sequently the reliability of the system. 
Thanks to smart power devices is is possible to 
implement a solid state car direction indicator 
system (see Fig. 2), that solves these problems. 

Figure 2: New Solid State System 
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CIRCUIT DESCRIPTION 
The control device in the system described here 
is the L9686, but the relay is replaced by two 
L9821 High Side Drivers; this device delivers up 
to 25A peak output current with RoN = 1 OOmQ, 
short circuits and thermal protection. 
When a power devices is turned on, the local 
supply voltage can drop several volt below its 
nominal value because of the line inductance. 
This voltage drop could cause disturbances to the 
control logic that in some cases could produce 

Figure 3: Rising Edge of the Output Current 

Figure 4: Falling Edge of the Output Current 
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undamped oscillations on the suplly line itself. 
To avoid these oscillations and to prevent EMI 
disturbances, the L9821 was chosen as the 
power device in this applications because of a 
feature that limits the output current slew rate 
(di/dt) during the switching edges. 
Fig. 3 and Fig. 4 show the rising and the falling 
edges of the output current of an L9821 device 
loaded with two 21 W lamps; the current level in the 
first case is higher than in the second one because 
of the inrush current of the bulbs (see Fig. 5). 
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Figure 5: Output Current Waveform 
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Fig. 6 shows the complete schematic diagram of 
t~e master modul_e: when S1 is closed (left or 
nght) the L9686's mternal oscillator starts and pin 
3 goes high; then the input voltage of one of the 
two L9821 devices goes high too, resulting in the 
lamps switching on. After a time equal to half of 
the oscillation period pin 3 of the L9686 returns 
low and the lamps are threfore switched off. The 
flashing cycle stops and the circuit is reset to the 
initial conditions when S1 is open. 
The flashing frequency depends on the external 
RC networkR1 and C1 according to the following 
formula: 

Fn = 1/ (1.5 x R1 xC1 (typ.) 

R3 and C2 provide hysteresis to avoid spurious 
switching of the oscillator comparator at every lamp 
turn on; this hysteresis is not necessary if the 
L9686 is used in conjunction with a relay, because 
of the relatively long delay time of this last one. 
Rshunt senses the current flowing in the right or the 
left lamps (depending on the S1 position): when 
one of the l~mps is defective the voltage drop 
across Rshunt ts reduced to a half and the failure is 
indicated by doubling the flashing frequency. S2 
allows the emergency blinker function: when it is 
closed the L9686 device drives, through the diodes 
01 and 02, both the L9821 smart switches and 
then both the right and the left lamps. 
The emrgency blinker operation is monitored by 
the flashing of both the dashboard lamps L 1 and 
L2 while in normal operation only L2 flashes. 

OVERVOL TAGE PROTECTION 
An L9821 device can withstand up to 60V load 
dump transient. If a centralized overvoltage pro-

APPLICATION NOTE 
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\ y . 1A/dtv 
X . 188ms/dlv 
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taction is not provided on the alternator it is 
possible to increase the load dump capability of 
this application by placing a dedicated protection 
device, such as a Transil, between the supply 
voltage and the ground terminals. This transil 
must withstand the double battery, a condition 
often requested for the automotive equipment, so 
a good choice is a device with at least 26V break
down voltage. The same protection device allows 
the described application to withstand all the other 
voltage transients. If a centralized load dump pro
tection device is already present on the atternator a 
small protection zener diode is sufficient to clamp 
the low energy overvoltage transients due to the 
disconnection of the several loads in the car. In this 
case the breakdown voltage of the local protection 
device must be higher than the clamping voltage of 
the centralized diode. 

ADVANTAGES 
Fig. 2 shows a possible wiring diagram of the de
scribed system in a car; the master module has 
1 0 connections, compared to the four of the con
vention?! system showed in Fig. 1, but from the 
companson between the two possibilities we can 
see some advantages: 

• centralized wiring at the master module 
• less power connections 
• less power wire length 
• no power switches 
• no multipolar switch for the emergency blinker 
• short circuit protection between the lamps and 

ground 
• inrush current limiting of the smart switches in

creases the lamps lifetime 
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REAR MIRRORS MULTIPLEXING USING L9946 
by L. Valsecchi & S. Vergani 

The application of the L9946 device in a real-world automotive multiplex system is described. 
After a brief introduction to the multiplex concept, the hardware and software key points are dis
cussed. It turns out that L9946 is very well suited for this kind of relatively complex applications. 

THE MULTIPLEX CONCEPT 
In this section a brief introduction to the basic 
multiplex (MUX) concepts is given. Generally 
speaking, a MUX is composed by a number of 
units connected through a serial bus. There is a 
set of meaningful serial messages and each unit 
can recognise a subset of messages relevant to 
it. Once a relevant message is received, the unit 
performs an action according to the information 
contained in the message. Usually an acknow
ledge technique is used, so that a bidirectional in
formation flow between units can be established. 
It is possible to draw a rough distinction between 
MUX systems based on the communication 
strategy. In increasing complexity order, a MUX 
can be classified as follows. 

1) MASTER-SLAVE: 
One unit is qualified as master unit, and it is the 
only one that can autonomously start a trans
mission. The other units (slaves) can transmit 
only after the reception of a message out of a 
defined set. 

2) QUASI MULTI-MASTER: 

As before, one unit acts like a master, but some 
slave units can start an autonomous transmission 
to the master. This happens usually when a signi
ficant event has occurred (e.g. a key has been 
pressed).However, the slave units cannot com
municate each other directly. The messages flow 
is under the total control of the master unit. 

3) MULTI-MASTER: 
Every units can commuicate each other, and 
there is no more a well defined master unit.ln fact, 
the control, at a given time, is owned by the unit 
currently autonomously transmitting. 

The format of the serial messages, as well as the 
characteristics of the physical interface of the bus 
line are defined by a series of rules called the 
PROTOCOL SPECIFICATION. These rules also 

AN455/0392 

define in details the behaviour of the transmitting 
and receiving units when a situation of bus con· 
tention (i.e. when two units try to access the bus 
simultaneously) occurs. 
The ISO (International Organization for Stand
ardization) has standarized, at various levels, 
three protocols called CAN, VAN, J1850. This 
means that documents exist as a reference to 
achieve the compatibility between two systems 
using the same protocol. 
In fact, especially for slow speed data bus, cus
tom protocols have been developed. 
There are definite advantages in using a MUX 
system in the automotive field. First, the number 
of wires required to perform the same functions is 
dramatically reduced. For example,with the MUX 
approach, to connect a keyboard unit to other 
units such as window lift motor control, rear mirror 
control etc., only three (or four if a differential bus 
is used) wires are required, independently of the 
number of keys or motors used. This leads to a 
reduction of costs of the harness of the vehicle. 
Flexibility is another feature common to well de
signed multiplex systems. 
The multiplex architecture allows a high degree of 
freedom in the choice of the physical location of 
the units inside the vehicle. For example, as long 
as the serial bus line is provided, a control key
board can be placed indifferently in the door or on 
the dashboard without changing the vehicle wir- I 
ing. , 

Furthermore, if a certain computational power (i.e. 
a microcontroller) is located in the peripheral 
units, the functional behaviour of the whole sys
tem can be defined by software so that upgrad
ing and modification can be accomplished without 
changing the hardware. 
Also, a sophisticated diagnostic strategy can be 
implemented. Usually one or more units collect di· 
agnostic information that can be read by a tester 
connected to the system when a car technical as
sistance is required. Such a tester generally in
cludes a menu driven diagnosis procedure, lead-
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ing to easier fault detection and thus to shorter re
pair time. 

REAR MIRRORS MULTIPLEX SYSTEM 
INTRODUCTION 
The application described here is an example of 
how the L9946 can be used as a mirror controller 
in a MUX system. 
To explain in all the details a MUX system design 
is beyond the scope of this application note. How
ever, the key points in hardware and software de
sign will be discussed in depth. 

GENERAL DESCRIPTION 
This MUX is composed by a keyboard unit, a left 
mirror unit and a right mirror unit. 
The electronics is intended to be placed inside 
the external rear mirror case, and inside the 
physical keyboard. To achieve this, when 
possible, devices available in small SO package 
have been chosen. In this way, using surface 
mounting technique, very compact PCB layout 
can be obtained. 
The three units are connected through a differen
tial bus. 
Including power supply line and ground return, 
only four connection wires are required, obtaining 
a substantial saving compared to the traditional 
solution, that requires eight wires. 
The system block diagram is shown in fig. 1. 
The functions implemented are: 

Figure 2: Mirror Unit Block Diagram 

Vbat 

Figure 1: System Block Diagram 

- mirror plate movements 
-open I fold 
-wiper 
The commands available are activated by 6 push 
buttons located in the keyboard unit. 
An additional three-way selector allows to switch 
between the left or the right mirror. When this se
lector is in its central position, the only function 
available is a simultaneusly mirror open/fold 
movement. 

MIRROR UNIT DESCRIPTION 
The block diagram of the mirror unit is shown in fig. 2. 
The schematic diagram of the mirror unit is shown 
in fig. 3. 
The only difference between the left and right mir
ror unit is the position of a jumper that configures 
the address of the unit. 

BUS LINE INTERFACE 

TWO WIRES 
BUS 
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In the following sections the main functional 
blocks are described. 

Protections 
The units must be protected against a number of 
possible anomalous voltages on the power supply 
line coming from the battery. 

This anomalous conditions are: 
1) Reverse battery 
2) Load dump 
3) Short negative spikes 

Voltage Regulator (L4949) 
This device provides the five volts necessary for 
the microcontroller and to the bus line interface. It 
also provides to the microcontroller the correct 
power on reset signal. 

Microcontroller (ST621 0) 
The microcontroller (uC) choosen for this applica
tion is the ST621 0 (1 K8 EPRPOM, 64 bytes 
RAM).This is a 20 pin device, available in S020 
package. The ST6 family is intended for low-me
dium complexity applications. 
The heaviest task for the uC in this, or similar, ap
plication is the protocol handling, i.~L the recep
tion and the transmission of the senal messages 
on the bus. 
Due to the low computational power and speed of 
this uC, the protocol was chosen to be r.elatively 
slow (3.3 kbits/sec) and the bit e~codmg .was 
chosen in such a way that the decod1ng algonthm 
is tailored to optimize the hardware uC resource 
usage. 
In this case the uC also drives the L9946 and pro
tects it against overcurrent and/or overtempera
ture reading back the dignostic signals DG1 and 
DG2. 

Figure 4: Keyboard Unit Block Diagram 
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Mirror Actuator (L9946) 
The L9946 in this application is used to drive the 
four mirror motors: two for the plate movements, 
one for the open/fold movement and one for the 
wiper motor. In ~his particular ;;.ppli?ation .the 
wiper can be dnven by the h1gh-s1de dnver 
thanks to a mechanical solution built into the mir
ror that performs automatically the wiper alterna
tive movement. 

Bus Line Interface 
This is the circuitry that realize the physical inter
face between the unit and the bus line. Since the 
functioning of the whole system relies on the cor
rectness of the exchanged messages, the bus 
line interface must be designed very carefully. A 
complete discussion of the needed design criteria 
is far beyond the scope of this application note. 
A list of desirable features is: 
a) High noise rejection 
b) Line faults (short to GND or VCC, wire cut) 

detection and real time recover. 
c) High RF noise immunity 
d) Low RF emission 
The solution implemented here is a differential bus 
line driven by two complementary MOS devices. 
The passive components around the MOS polarize 
and protect the devices against shorts, spikes and 
negative voltages applied to the bus lines. 
Capacitances placed on the bus lines filter out RF 
noise, also reducing the bandwidth of the bu.s chan
nel in order to avoid too sharp edges dunng bus 
transitions, i.e. RF emission and subsequently 
possible interferencies with other equipment (dash
board instrumentation, car radios etc.) 
The three comparators in the RX section allow a 
full fault detection and recovery. This means that 
transmission and reception can continue also if 
one line is shorted to GND or Vee or cut. 

:·······!··· .. ··: 
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KEYBOARD UNIT DESCRIPTION 
The block diagram and the schematic diagram of 
the keyboard unit are shown respectively in fig. 4 
and fig. 5. 
Many blocks in the architecture of this unit are 
very similar or identical to those used in the mirror 
unit. 
This blocks are protections, voltage regulator and 
the bus line interface. The uC used is the same 
adopted in the mirror units. 

A 4 X 2 matrix-organized keypad is connected to 
the unit. The schematic diagram of the physical 
keyboard is shown in fig. 6. 
Since the physical keyboard rows and columns 
are directly connected to the uC pins, it must be 
placed very close to the electronics to avoid in
duced noise. A software debouncing strategy has 
Figure 6: Keyboard Schematic Diagram. 

been implemented so that a key transition is vali
dated only if the new state has been stable for at 
least fifty milliseconds. 

SOFTWARE DESCRIPTION 

Introduction 
Two different programs have been written, one 
for the mirror units and one for the keyboard unit. 
The software was developed using the ST6 hard
ware emulator, and the ST6 macroassembler and 
linker. The mirror unit and keyboard unit pro
grams are respectively about 1340 and 1280 
bytes long. The main difficult in this software de
velopment was to overcome the uC limitations 
(using some software tricks) without affecting the 
overall program's readability. 
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Mirror Unit's Software Description 
The software developed for this unit can be 
divided, at the functional level, into 3 main sec
tions. 
1) PROTOCOL HANDLER SECTION 
This routines perform the serial bus message re
ception and transmission. 
The reception procedure starts when a valid SOM 
(see BUS PROTOCOL DESCRIPTION para
graph) is detected. The reception ends success
fully when the following conditions are obeyed: 

a)Ten correct bits (i.e. with the right timing 
between two edges) are decoded. 

b)The received checksum field matches the 
checksum calculated upon the preceding 
eight received bits. 

If an error occurs, the reception is aborted and 
the unit starts to wait for a new valid SOM. 
The transmission routine starts when the unit 
must send a message on the bus line. The ST6 
timer is used to obtain the desired time between 
the edges. 

2) MESSAGES DECODING AND ACTUATIONS 
This section performs the message decoding and 
the actual driving of the L9946. 
O~ce a correct message is received, the mirror 
un1t compares the received address field with its 
own address. If they are equal, the data field of 
the message is decoded and the corresponding 
action or series of actions are undertaken. 
The data fields recognized by the mirror units and 
their meaning are: 
0111 0 : wiper on 
1 0000 : wiper off 
01 01 0 : fold/open 
00010: up movement 
001 00 : down movement 
0011 0 : left movement 
01000 : right movement 
1 0010 :stop motors 
Immediately after the action has started, the mir
ror unit transmits an acknowledge message to the 
master unit (i.e. the keyboard unit). This message 
is the echo of the acknowledged reception. 

3) L9946 PROTECTION 
The L9946 DG1 and DG2 pins are connected to 
uC interrupts lines so that a fast switch off is ex
ecuted when an overcurrent or an overtempera
ture occurs in the device. 

APPLICATION NOTE 

Keyboard Unit Software Description 
In the sotfware for this unit the protocol handler 
section is the same code used in the mirror units. 
The keyboard units acts like the master of the 
system. 
The matrix keyboard is scanned every five milli
seconds. If no key status variation is detected, 
every fifty milliseconds a stop message is sent to 
the slave units as a polling. The slave units 
should answer to this messages. If this is not the 
case, the master unit knows that one or both 
slaves are disconnected or broken. 
y-Jhen a key is pressed, a debouncing procedure 
IS started. If the pressure remains at least for fifty 
millisecond the corresponding command mess
age is sent to the unit selected by the position of 
the three-way selector. 
If this selector is in its central position, only the 
fold/open command is enabled, and the sub
sequent command is sent to both slave units. 
The keyboard unit keep sending the command 
until the key is released. Then, the normal no
operation polling is executed. 

BUS PROTOCOL DESCRIPTION 
1. GENERAL 
The information between the units is passed in 
messages transmitted serially on the bus con
nected to all the units. 
y-.'hen the bus is in the idle state, i.e. no message 
1s transmitted, its state is called "passive state". It 
is driven in the "active state" by a transmitting unit 
at the start of a message for the "start of mess
age" time.The state is passive for the first (most 
significant bit) information time, active for the next 
bit time and so on until the message is finished 
(terminated) in the passive state. The value of the 
bit is determined by the time elapsed between 
two consecutive transition of the bus state. This 
bit encoding is called VPWM (variable pulse width 
modulation). 

2. MESSAGE SYMBOL WAVEFORMS 

The following sections show the nominal timing I 
requirements of the VPWM message simbols 
generated by the software protocol handler as 
they appear on one wire of the bus. On the other 
bus wire the signal is inverted. 

2.1. START OF MESSAGE 
This symbol appears at the start of every mess
age when a transmitter drives the bus in the ac
tive state to start the message. 

"SOM" 

~ 
t192RH455·B1 
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2.2. DATA BIT 
Each data bit is represented by the time between 
two consecutive transitions. These are both 
passive and active bit states that are used alter
nately. 

2.2. "0" BIT 
The two "0" bit waveforms are: 

t192fiN455-B2 

2.3. "1" BIT 
The two "1" bit waveforms are: 

"1"~~ oc 
480usec 

t192fiN455-B3 

3. MESSAGE FORMAT 
A message consists of a start of message (SOM) 
field, an address (ADR) field (3 bits), a data 
(DATA) field (5 bits) and a checksum (CHK) field 
(2 bits), for a total of 10 bits transmitted. 
With the timing given in the above sections, the 
average transmission bit rate is 3.3 Kbps. 
The SOM is the signal on wich every receiving 
unit starts the reception procedure. 

Once a successful reception has been completed, 
the OAT A field is decoded and the related action 
undertaken only if the ADR field matches with the 
wired address assigned to the receiving unit. 
The CHK field is a way to detect some type of er
rors occurred during the DATA field bits trans
mission. During the reception procedure, a check
sum value is calculated, and the reception is valid 
only if this value is equal to the contents of the re
ceived CHK field. 
The algorithm used to calculate the checksum is 
the following. 
a) Count the number of "1" bits in the DATA and 

ADR fields. 
b) Take the two less significant bits of this nur:n

ber. 
c) Complement these bits. 

8/8 ----------------------------- ~~~~~~~~:~?~ -----------------------------
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6A DOOR LOCK MOTOR DRIVER FOR AUTOMOTIVE 
by Stefano Vergani 

An application of the.L9~37 device (Full Bridge Motor Drive} is described. The interface between 
the L9937 and a f.tC 1s d1scussed. A complete protections circuitry description is also given. 

Figure 1. 

i t su 

su 
..!.. 

11 18 
3 9K 

uo 
uo 

100K 

IT "' n 2GK 
~ N 
N r 
0. m L9937 0 
-' 

Uba t 
3. 9K 

The L9937 device is a full bridge for bidirectional 
motor driver applications realized in bipolar tech
nology; it can deliver up to BA output current with 
low saturation voltage. 
Two diagnostic informations are provided to moni
tor overload conditions and the internal tempera
ture, and the device is assembled in the MULTI
WATI-11 package with the case connected to the 
ground terminal. 
The L9937 is particularly suitable to drive bidirec
tional DC motors in flC based systems. 
Fig. 1 shows a possible application circuit, with an 
analog interface between the power devices and 
the flC. 

AN456/0191 

l 
OUU A/ D 

fi32L9!33?-fJ!R 

In the following, the functions of each block of the 
analog interface are described. 

1 - Overvoltage And Reverse Battery Protection 
L9937 is particularly suitable to drive the door 
lock motors in automotive applications. Fig. 2 
shows the circuit schematics; due to the hostile 
automotive environment, it is necessary a transil 
(suggested type LDP24A) between Vo and GND, 
to protect the L9937 against overvoltages higher 
than 50V. The diode 01 suggested type BY239-
200A) supplies the voltage VD necessary for the 
correct device's operation at the same time it 
protects the device against the reverse battery. 

1/5 
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Figure 2 
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2 - Switch-off Sequence 
Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means EN=H IN1 =H 
IN2=L), the following steps have to be obs~rved 
to allow a correct recirculation of the current m the 
motor at the switch off (Ref. Fig. 3): 

a)switch off T1 and wait for 1 OO!!S about in 
this condition (EN = L IN1 = H IN2 = L) 

b)after the a.m. delay switch ON T2 (EN F L 
IN1 = H IN2 = H) 

c)switch off both T2 and T4 after the motor 
stop (EN= L IN1= L IN2 = L) 

Step a) allows the recirculation of the motor cur-

Figure 3: Switch-off Sequence 

TURN-OFF 

+ 

rent due to the inductive component of the motor 
itself between DS1 and T4; the 100!-lsec delay 
time is needed to avoid the cross-conduction in 
the left half bridge. 
In step b) the motor is short circuited to GND (T2 
and T4 ON) and this allows the dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the bridge. 
If the dynamic braking is not requested, step b) 
can be omitted. In any case the low~r power tran
sistor of an half bridge must be kept ON, after the 
switph off of the upper transistor of the other half 
bridge, for a time longer than T = 5 • RL.ILL, where 
Rl and Ll are the resistance and the inductance of 
the load. 
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3- Input Driving Voltage 
To allow a correct operation of L9937 over the full 
temperature ra~ge, the driving voltage at the input 
pms must be h1gher than 5.5V, with 4mA current 
capability. 

4- Short Circuit Protection 
It is possible to protect L9937 against short circuit 
to ground and across the motor in the full bridge 
application. 
The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1 A, U1 B) to detect the 
Vee of the upper power transistors. U2A and U2B 
are open drain NAND gates (i.e. part no. 
HCC401 07) and U3A/B/C/D are non inverting 
buffer to <;!rive the L9937 (i.e. part no. 
74HC4050). 
U1 A and U1 B sense the differential voltage VD
OUT2 and VD-OUT1 respectively. Referring to 
Fig. 4, chosen R1=1 OOK and R2=20K, the values 
of R3 and R4 may be calculated according to the 
following formula: 

R3 

where: 

(Vo- VcETH) - 0.166 Vo) * R4 
0.166Vo 

Vo =bridge power supply 
VcETH =collector to emitter detection threshold. 
Figure 4 
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OUT1 
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Choosing: 
VcETH = 2V @ Vo = 12V and R4 = 1 K, the above 
formula gives R3 = 4K. 
When all signals from J.lC are at low level (motor 
off), the inputs to the bridge are low too; in these 
conditions the output voltage of the two compara
tors is high and therefore the outputs of U2A/U2B 
are free. Y'fhen the 11C sends, for example, IN2 
and EN h1gh, OUT2 of the bridge goes high and 
OUT1 goes low. 
:"'-t this point the output of U1A pulls down the 
1nput of U2A before that the delay capacitor C1 is 
c~arged (through R5) up to the U2A threshold; in 
th1s way the U2A output remains free and the 
bridge drives the motor. 
If a short circuit occurs, the Vee of the upper 
power transistor increases above the threshold 
and then the U2A output pulls down the enable 
input of L9937. At the SOME time the SC signal 
to f1C. high in normal conditions, goes low; at this 
pomt the JlC executes the switch-off sequence. 
We have just explained what happens when a 
short circuit occurs during the motor running 
phase. Another faulting condition occurs switch
!ng <;>n the bridge _whe~ a short circuit is present; 
1n th1s case the bndge 1s driven for a time depend
ing on the time constant R5 • C1 = R6 • C2. 
Choosing R5 = R6 = 3.3K and C1 = C2 = 1 nF 
then the time constant will be T = 3.3Jlsec, that i~ 
5~sec about delay time. Longer delay time 
m1ght allow the short circuit current to reach 
values beyond the absolute maximum ratings. 

R5 

5C 
TO uC 

~~SC.ClrK--~--1~:~:+] FROM uC 

IN1 
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5 - Thermal Protection 
The L9937 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec
tion for the device. 
Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 1 OO!lA 
diode current. 
Figure 5 
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Fig. 6 shows the simplest solution to do a thermal 
protection; an AID converter of the 11C is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
1 OOnF capacitor acts as a filter against the noise. 
When the 11C detects a voltage lower than the low 
threshold chosen according to the diagram in 
Fig. 5, it executes the switch-off sequence and re
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30'C. 

Figure 6 

su 

CONUERTER 

6 - Overvoltage Protection 
At point 1 we suggest a way to protect the L9937 
against the voltage transients. This protection 
allows the device to withstand overvoltages only 
if the bridge is not operating. To protect the de
vice against the overvoltages in all the operating 
conditions it is possible to implement the circuit 
shown in Fig. 7. 
(Note: A-8 are connected to the nodes between 

Figure 7 

ucc 

nszL9!13?-BSII 

R3 and R4 (left side and right side) in Fig. 4; C is 
connected to the node between R1 and R2 in Fig. 4). 
When Vo reaches 18V the comparator output 
pulls down A and 8, causing the intervention of 
the hardware protection showed in Fig. 4; at the 
same time the OVV signal is sent to jlC, which 
executes the switch off sequence. The !lC must 
reject any command to the bridge during the over
voltage conditions. 
With the values shown in Fig. 7, a 1V hysteresis 
is provided. 
It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the jlC, once received the overvoltage di
agnostic signal (OVV), put at low level the 
enable of the L9937, confirming the hardware 
switch-off of the motor; in this condition an output 
of the half bridge is in high impedance state and 
the other one is low, allowing the recirculation of 
the current and the free running of the 
motor. 
The system holds this condition until OVV is ac
tive; when the OVV signal is released the 11C 
resets the hardware protection, sending EN = IN1 = 
IN2 = Land then restore the previous command to 
the bridge. 
It is mandatory, however, to wait for the complete 
current recirculation of the motor before to reset 
the hardware protection; in facts, when EN = IN1 
= IN2 = L both the L9937 outputs are in high im
pedance conditions. 

7 - Diagnostic Feedback Output 
DF pin is an open drain output to monitor overcur
rent and overtemperature conditions. 
The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vee, to a 
digital input of the 11C; when the DF signal goes at 
low level, the 11C executes the switch-off se
quence. 

4/5 -------------L.,, ~~~n!~'::Ufl?l: -------------
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L9937 IN A BODY MULTIPLEX ENVIRONMENT 
All the functions described above can be im
plemented in a custom integrated circuit together 
with a bus transceiver and a protocol handler. 

Figure 8: "Class A" Wired Peripheral Application 
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It is then possible to obtain a very small size mo
dule that can be integrated directly in the actua
tor. Fig. 8 shows a typical application of these 
modules as peripheral units in a "Class A" wired 
Multiplex System. 
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SMART POWER TECHNOLOGIES FOR 
POWERTRAIN & BODY ELECTRONICS 

by R. Ferrari 

Smart power ICs are becoming increasing by common in automotive power/rain and body elec
tronics. This note provides a general introduction to the subject. 

As is well known, electronics is slowly but pro
gressively invading every part of the automotive 
environment (figure 1 ); entering first in the car 
radio, it has extended progressively and is now 
present in all of the subsystems of an automobile. 
For those people who prefer a "historical" ap
proach, the evolution of auto electronics has been 
divided into three main sections, each subdivided 
into vanous phases, correlated with the state of 
the art in general electroniCS at that time. Today, 
at the beginning of the 90's we are in the SMART 
POWER phase, and it is precisely that which we 
intend to discuss briefly here (see fig. 2). 

We will look at, first of all, some definitions: smart 
power or intelligent power indicates those families 
of integrated circuits which include both logic con
trol circuits and components capable of delivering 
a significant amount of power to a generic load. In 
numbers, a circuit can be considered smart power 
if it is able to deliver more than 0.5A to the load, 
or of withstanding more than 50V, or able to sup
ply a power of at least 1 W to the load. 

Over the years SGS-THOMSON has developed 
various technologies that allow the realization of 
smart power circuits (figure 3). The simplest way 
to classify these technologies is to refer to the 
process type, which can be purely bipolar or 
mixed, that is, including on a single piece of sili
con both MOS structures (of control and power) 
and bipolar structures. Another method (figure 4) 
is to examine the way in which the current flows 
through the power section; horizontal, with the 
current entering and leaving through the upper 
surface, or vertical, where the current enters 
through the upper surface and leaves through the 
lower surface; for this lower connection instead of 
wire the tie bar of the package is used. 
The choice of one technology rather than another 
depends on various elements (figure 5) but sim
plifying as far as possible the criteria, we can say 
that vertical technologies can guarantee, for a 
given area, lower resistances but they have the 
limitation of being able to include just one power 
device per circuit (or more than one, but always 
with the collectors or drains short-circuited); while 

Figure 1: ElectroniCS in present and future automobiles. 
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APPLICATION NOTE 

Figure 2. 

PROGRESS OF ELECTRONICS TECHNOLOGIES 
Source: Mil,ubishi Motors Corp. 
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Figure 3: Smart Power Technologies Matrix. 
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APPLICATION NOTE 

Figure 4: Integrated DMOS structures. 
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Figure 5: Smart Power Technology Matrix selection criteria. 
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Figure 6: Multiple independent Power Structures realized with Horizontal Technology. 
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Figure 7: Bonding wire features. 

WIRE DIAMETER 
(micron) 

GOLD 25 
GOLD 51 

ALUMINIUM 178 
ALUMINIUM 254 
ALUMINIUM 381 

horizontal technologies make it possible to have 
power structures that are completely independent 
(figure 6). It is therefore evident that a vertical 
technology will give excellent results in the design 
of a light switch, while a horizontal technology will 
be equally well suited to the design of a multiple 
actuator. 
It is important at this point to underline that a 
smart power circuit does not consist of just silicon 
technology, but relies heavily on package technol
ogy. In fact it is well known that a signal device is 
bonded using gold wires with a diameter of 25 
microns; however, gold wire can be used effec
tively up to diameters of 50 microns, which allows 
reliable operation with currents up to 2A, provided 
that the wire is surrounded by resin (the current 
capacity drops by 50% for wires in free air -- that 
is, in the case of hermetic packages, 
When, however, one has to deal with very high 

Figure 8: Mixed Bonding Technology. 
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D.C. CAPABILITY 
RESISTANCE (Ampere) 
(mOhm/mm) in plastic 

package 

45 1.25 
11 2.50 

1 15 
0.5 28 
0.2 43 

currents (more than SA in single-point injection 
actuators, and more than 1 OA for windowlifl mo
tors) gold wires are no longer usable for obvious 
cost reasons so it is necessary to turn to alu
minum wires (figure 7) with a diameter from 180 
microns to 375 microns; clearly in this case it will 
be necessary to have adequately dimensioned 
bonding pads on the die, with a significant waste 
of silicon area. 
Optimization is obtained with a mixed bonding 
technology where signal pads are bonded with 
thin gold wires and power pads with thick alu
minum wires (figure 8). A further optimization is 
obtained by orienting the pads in the pad-to
bond-post direction. But while we are speaking of 
power it is also important to speak of packages 
(figure 9). These packages are part of a long 
tradition of T0-220 type packages (with 3, 5 and 
7 pins) but recently new needs in assembly are 
bringing important evolutions of the classic tab 
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packages. Devices completely encapsulated in 
completely isolated packages - called lsowatt -
are already in production; in these devices isola
tion up to 1 OOOV is obtained with a minimum re
duction in the junction-to-case thermal resistance. 

On the other hand, the practice of using clips, 
rather than screws. for mounting packages is be
coming always more common, both to save 
space and to obtain better long-term reliability in 
thermal conduction. This has led to the TABLESS 
isolated package which accumulates the previous 

Figure 9: Power package Matrix. 

SCREW 
MOUNTING 

CLIP 
MOUNTING 

& 
SMD 

NOT ISOLATED 

two needs, while for surface mounting a non-iso
lated package with a junction-case thermal resist
ance less than 3'C/W is in development in our la
boratories and will be available in industrial 
quantities in 1991. 
Now that we have examined the means that tech
nology places at our disposition, both in diffusion 
and in assembly, we can now examine what typi
cal structures smart power processes will allow us 
to make, and which kind of circuit will normally be 
driven by each structure (figure 1 0). 
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Figure 10: Intelligent power actuators basic configuration. 
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Figure 11: Intelligent power actuators basic protection. 
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1.The typical, so-called High Side configuration, 
in which the actuator is located between the 
supply and the load, is traditionally used in 
the supply of resistive loads, typically lamps, 
but is also suitable for mono-directional mo
tors. 

2.When the actuator is between the load and 
the ground of the supply system we have a 
"low side" configuration, very common for 
driving inductive loads such as, for example, 
the solenoids that control the opening of 
valves (injectors, ABS system, automatic 
transmission), but also ignition coils. 

3.Finally, when we have to drive a motor that 
rotates in both directions it will be necessary 
to use a bridge structure; the choice between 
integrating the whole bridge or just half of it 
clearly depends on the current involved. To
day's technology allows us to realize effi
ciently a complete bridge to drive a door lock 
motor, while it is necessary to use two half 
bridges if the load is a windowlift. 

In all of these structures there will always be inte
grated a certain number of protection circuits, to 
guarantee survival of the device in the presence 
of possible failures in the surrounding ambient 
(figure 11 ). 
Figure 12: Duai3A Low-side Actuator. 

APPLICATION NOTE 

These include, to name a few, the automatic 
shutdown when the silicon reaches a critical tem
perature (which can be caused not only by a short 
circuit in the load or its connections, but also by 
the degradation of thermal contact between the 
device and its heatsink). Today, in certain appli
cations such as fuel injection this automatic shut
down tends to be replaced with a warning signal, 
which informs the control unit when a critical situ
ation has been reached, leaving the unit itself to 
decide what to do (for example, reduce perfor-
mance to guarantee functionality). ' 

Another very common structure is output current 
limiting, even in the case of a load short circuit. 
Usually the intervention of the limitation circuit is 
accompanied by a diagnostic signal that is made 
available for the control system. Finally, in some 
devices a circuit is included that is able to detect 
overvoltages in the supply system, disabling the 
output stage and placing it in the best conditions 
to support the overvoltage. 
Given the above, we will now describe a practical 
case with the aim of identifying how the design 
time can be optimized through a suitable interac
tion between the system designer and the silicon 
manufacturer. 
The circuit shown in figure 12 is a dual low-side 
actuator designed to drive two independent loads 
with currents up to 3A each (typically injectors). 
The technology employed is mixed (bipo-
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Figure 13: Expertise partitioning when designing a smart power actuator. 

POWER 1 

SYSTEM KNOW-HOW 

lar/CMOS/DMOS) with a horizontal current flow 
{BCD60); if we pass from the photograph to a to
pographical diagram of the silicon {figure 13) it 
becomes immediately evident that the chip is 
divided into a limited number of macroblocks, for 
each of which it is easy to attribute project 
leadership. In fact it will be an essential task of 
the system designers to define the criteria for the 
driving of the actuator as it is to define the mal
functions for which the activation of a diagnostic 
signal is necessary. On the other hand it is indis
putable that only the silicon designer can optimize 
the design of the power section and take advant
age of structures already available in his library to 
realize those functions which are necessary and 
also repeated frequently in different devices. 
The system designer, too, can take considerable 
advantage from the use of cell libraries so the 
total design time can be reduced to a minimum 
{7-9 months from the start of the design to work
ing silicon), reducing significantly the gap tradi
tionally existing between a dedicated circuit {full 
custom) and a semicustom circuit obtained from 
gate arrays or standard cells. 
A brief glance at another two circuits, each repre
sentative of a technology described above. 
In the first we see a highly-innovative circuit for 
use in ignition systems. This is the VB020 {figure 
14), a circuit realized in mixed vertical technology 
{M2) able to drive directly the primary of the igni
tion coil, combining a darlington with a vertical 
current flow with a driver circuit and TTUCMOS 
compatible control circuit {figure 15). In the device 
are integrated circuits to limit the collector voltage 
{fixed at 450V max). 
We conclude this series of examples with the 

POWER2 

SILICON KNOW-HOW 

L9937 {figure 15), a bridge circuit designed to 
drive a door lock motor and therefore capable of 
delivering continuous currents of 6A with starting 
peaks up to 12A. The device is realized in hori
zontal bipolar technology and, as appears in the 
photograph, is almost entirely occupied by four 
large power transistors that constitute the output 
stages of the circuit. In this case, too, you can see 
the mixed bonding {gold for the signal wires, alu
minum for power wires) and the pads oriented to 
optimize silicon area. In the block diagram {figure 
16) you can see a chain of diodes which has the 
function of monitoring the temperature of the chip. 
This brief introduction to smart power techno
logies would not be complete if it did not dedicate 
a few words to the price that the customer must 
pay to buy circuits of this type. In fact a typical 
question that semiconductor companies fre
quently hear is "How much does a square mil
limeter of smart power silicon cost?". Since the 
price of a square millimeter of silicon depends on 
the total area of the chip I believe that it can be a 
pleasant surprise to discover that even for fairly 
sizable chips - that is, up to 25/6mm2 - the price 
of each mm2 increases very little {about 25%). 
The curve of figure 17 gives the trend for areas 
between 5 and 50mm2 and, though based on a 
theoretical calculation, follows closely the present 
commercial reality. Obviously the graph reflects 
the current state of the art; if only three years ago 
the elbow of the of the curve had been moved vi
olently to the left without arriving at saying that 
the evolution will continue indefinitely with the 
same speed, it is however reasonable to expect 
in the next few years a further extension of the li
near zone at least towards the 40mm2 region. As 
for the meaning of "1 mm2 of silicon", several 
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Figure 14: Fully integrated high voltage darlington for electronic ignition. 
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Figure 15: Die of VB020. 
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Figure 16: Full bridge motor driver. 
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Figure 17: Smart power silicon. 
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Figure 18: Smart power devices. 
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possibilities are given at the foot of the table. 
There is another way to evaluate the price of a 
smart power circuit, and this is to estimate the 
price for each ampere delivered to the load. This 
method of calculation is less rigorous and can be 
plotted as a graph assuming as size reference the 
percentage of silicon dedicated to power com
pared to the total area of the chip. The line shown 
in the figure 18 graph indicates that one ampere 
costs approximately 30 cents but can rise to 45 
cents for circuits containing particularly complex 
control and diagnostic logic, and it can fall to 15 
cents for devices consisting essentially of only 
power stages. It must be underlined that two con
sumer devices (L552 and TDA2005- both audio 
power amplifiers) for which we can assume stable 
specifications, mature technologies and ample 
markets, lie exactly on the curve. This should be 
indicative of the final trend for automotive devices 
which are as yet young devices in a young mar
ket. 
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INTRODUCTION 

The VB020 is a monolithic high voltage 
integrated circuit which combines a vertical 
power darlington with built-in protection 
circuits for coil current limiting and collector 
voltage clamping. The device interfaces 
directly with a microprocessor which controls 
the dwell angle. 
This application note shows how it is possible 
to use the VB020 in an electronic ignition 
system not employing a microprocessor. 
The IC used, the L497, is a more conventional 
electronic ignition controller for breakerless 
:gnition systems using a Hall effect sensor. 

AN48210492 
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ELECTRONIC IGNITION 
WITH VB020 AND L497 

by M. Melito 

OPERATING PRINCIPLE 

The schematic of fig .1 shows how the two ICs 
are connected to control both the coil current, 
providing the required stored energy and the 

dwell angle, for low power dissipation. I 
The L497 was designed to drive an external 
Darlington and in a standard application circuit 
the current control is performed monitoring the 
coil current through a sensing resistor on the 
emitter of the Darlington. When the voltage 
drop across the sensing resistor reaches the 
internal comparator threshold value the dwell 
angle control circuit is enabled. Meanwhile the 
coil current is kept constant forcing the 

1/4 
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820 180 300 47 

2 4 
0 

5 VB020 

Fig. 1 - Schematic of electronic ignition with VB020 and L497. 
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'{.! v, = 100 1111/dtv 

v,4 = 1 V/dtv 

Icon = 1 IVdtv 

t = 2 BB/dtv 

Fig. 2 - V 13, V 14 and lc011 waveforms. 

Darlington into the active region until the high
low transition of the input signal causes the 
spark to occur. The collector voltage is 
clamped to a value that is externally fixed by 
a resistive network. The internal dwell angle 
control circuit calculates the conduction time 
for the output Darlington in relation to the 
speed of rotation, to the supply voltage and 
to the characteristics of the coil, thus avoiding 
excessive power dissipation in the Darlington 
itself. 

214 

x..nr 
V6 = 2 V/diY 

Icon = 1 A/div 

t = 10 E/d;v 

v, r--' --, rr- c..,_ 

I "'--

Fig. 3 - Duty-cycle = 30%; frequency = 20 Hz. 

By linking together the L497 and the VB020 it 
is possible to avoid both the coil current 
sensing and the collector voltage clamping 
networks because the VB020 has internal 
built-in protection circuits which perform these 
functions. The dwell angle control is performed 
by supplying the L497 with the feedback signal 
shown in fig.2. The diode, D1, keeps the 
voltage at pin 13 of the L497 under the internal 
comparator threshold ·voltage until the VB020 

begins to regulate the coil current. Atthis point 
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:r,11 = 1 1\/dtv 

t = 10 _,dfv 

v, 

'--

Fig. 4 - Duty-cycle = 70%; frequency = 20 Hz. 

v, = 2 V/dtv 

Icon = 1 A/dtv 

Fig. 6 - Duty-cycle = 70%; frequency = 140 Hz. 

. ) . 

Va = SO V/dtv 

Icon = 1 A/div 

t = 50 uatdtv 

Fig. 8 - Turn-off with open gap. 

v, 
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:r,11 v, = 2 V/dtv 

Icon = 1 A/dfv 

t = 2 •Jdtv 

Fig. 5 - Duty-cycle = 70%; frequency = 100 Hz. 

Fig. 7 - Turn-off in normal operating mode. 

01 is turned-off and the voltage on pin 13 can 
reach the threshold voltage of the internal 
comparator enabling the dwell control circuit. 
Figures 3 to 8 show the system performance 
(Vin' lcoil) under various conditions and fig. 9 

shows the conduction angle versus r.p.m. for 
a four cylinder engine. 
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Fig. 9- Conduction angle versus r.p.m. 

CONCLUSION 

The VB020 can be used in electronic ignition 
systems without using a microprocessor. 
The overall cost of the system can be 
competitive with the solution using a 
Darlington because the current limiting and 
voltage clamping function performed by the 
VB020 are trimmed on silicon avoiding the 
need for additional adjustment. 
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MIXED WIRE BONDING TECHNOLOGY 
FOR AUTOMOTIVE SMART POWER ICs 

by R. Ferrari and A. Massironi 

By using a mixture of gold and aluminum bonding wires in the same IC, SGS-THOMSON has 
found a reliable way to correct vety high current ICs that avoids wasting die area. 

One of the essential prerequisites for the large
scale introduction of multiplex wiring systems for 
vehicles is the availability of high power inte
grated circuits (ICs) capable of replacing relays, 
driving directly lamps, motors and solenoids. 
These ICs must be rugged and highly reliable yet 
inexpensive. Many power ICs suitable for this 
market are already available but a gap was left at 
the high current - roughly 4A+ - end of the 
range; ICs delivering 20A or more are needed for 
loads like windowlift motors. 
One of the main problems in high current IC de
sign lies in the thin wires that connect the silicon 
chip itself to the external connections of the IC 

package. These bonding wires are typically fine 
gold wires (up to 50um thick) which cannot carry 
more than a few amperes of current. 
Increasing the thickness of the gold wires is ruled 
out partly because of cost, and also because they 
are too rigid to weld to the surface of the chip 
without damaging it. It is possible in theory to use 
two or more gold wires in parallel for each con
nection but this solution is generally impractical 
because the large number of bonding pads waste 
space on the chip (the cost of a silicon chip is pro
portional to its area), the cost of the wire is ex
cessive and because testing each bond is diffi
cult. 

Figure 1: Part of an almost completed strip of integrated circuits utilizing the new mi~ed bonding technol
ogy. The gold and aluminum wires connecting the silicon chip- the small gray rectangle
with the gold-plated external connections can be clearly seen. 
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Figure 2: After the wire bonding operation the 
completed frame assembly is encapsu
lated in black plastic resin and the 
parts of the metal frame that served as 
a mechanical support are removed. 
The finished parts are then tested and 
marked with the type number and lot 
tracing information. 

One alternative, widely used in simple power ICs, 
is to use thick (250um) aluminum wires. However, 
a thick aluminum bonding wire needs a large 
bonding pad on the die. In a simple device like a 
3-terminal voltage regulator this is not a problem 
because there are few such pads, but for more 
complex ICs with eight or more connections the 
wasted silicon area would be excessive. 
SGS-THOMSON has developed and indus
trialized an effective and efficient solution to this 
problem: a mixed bonding technology where thin 
gold wires are used for low current connections 
and thick aluminum wires used for power connec
tions. Figure 1 shows a bonded frame of a 20A 
windowlift motor driver that uses this method; the 
two types of bonding wire can be clearly seen. 
Figure 2 shows the same IC after encapsulation 
with black molding resin and removal of the sup
port elements of the frame. 
Because of the use of aluminum bonding wires a 
selective gold alloy plating of the leadframe is 
necessary; gold is one of the few metals that will 
weld reliably to aluminum. Apart from reasons of 
cost, gold plating is used selectively - rather than 
the simpler overall plating - because of gold were 
used on the external lead part of the frame it 
would contaminate the circuit board soldering 
bath, leading to possible reliability problems. 
Different bonding techniques are used to weld the 
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two types of wire to the surface of the silicon chip. 
For the thin gold wires the thermosonic method is 
used where an electric discharge first creates a 
small ball on the free end of the wire, this ball is 
then pressed on to the bonding pad and vibrated 
rapidly (in the ultrasonic range), causing the gold 
ball and silicon surface to weld together. 
The thicker aluminum wires are bonded using the 
simpler ultrasonic method, where the wire is sim
ply pressed onto the surface of the chip then vi
brated rapidly to weld the wire to the pad. Be
cause more vigorous vibrations are used in this 
technique the aluminum wires are bonded first, 
followed by the gold wires. On the production 
lines two separate machines are used in tandem. 
Reliability is an important consideration in auto
motive ICs therefore it is essential that wire bonds 
be secure throughout the lifetime of the circuit. To 
ensure that bonds are correctly executed some 
parts are subjected to a pull test, where the wires 
are pulled to determine their breaking strength. 
Gold wires must resist a force of at least 15g; the 

APPLICATION NOTE 

thicker aluminum wires must resist a pull of 130g. 
In both cases the wire must break; the bonds 
must not detach. 
These pull tests are also repeated on statistical 
samples after accelerated life testing where parts 
are subjected to humidity, thermal cycling, and 
other stresses. 
Mixed bonding technology can be used in various 
different power IC packages, though the photos 
here show the Multiwatt-8 package. This type has 
eight leads in line at 0.1" centers -wider than is 
usual - to suit high current circuits where wide 
circuit board tracks are used. The metal frame de
sign of such packages reflects the care taken to 
ensure reliability in line with the needs of the auto 
market. For example, the die-mounting zone of 
the frame is isolated mechanically by notches and 
groove from the external mounting tab area. This 
ensures that deformation caused by overtighte
ning the mounting screw will not subject to stress 
that could adversely affect reliability. 
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ABSTRACT 

IGBTs are now being used in a variety of 
switching applications due to their attractive 
characteristics, particularly their peak current 
capability, ruggedness and gate driving 
circuit. 
Up to now their use was limited to the electrical 
drive sector and the IGBTs were required to 
be fast like the power MOSFETs and to have 
low conduction losses like the BJTs. 
Automotive ignition switches are not required 
to be very fast because _of low frequency at 
which they have to work. They must have 
very low VcE(sat) and must be very rugged. 
In both cases the existing technology allows 
us to obtain an acceptable compromise in 
terms of switching speed, ruggedness and 
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CAR IGNITION WITH IGBTs 
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power dissipation. 
Moreover the structural characteristics of 
IGBTs lend themselves to future 
developments like low threshold devices for 
easier driving, integrated temperature and 
current sensing, gate to emitter and collector 
to gate voltage clamping, thus providing 
significant improvement in ruggedness, 
reliability, protection and system cost 
reduction. 
This paper gives a brief explanation of the 
physics and of the structure of the device 
and highlights the characteristics which make 
IGBTs a very attractive competitor for the 
present power switches in automotive 
ignition. 
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IGBT TECHNOLOGY AND 
CHARACTERISTICS 

Except for the p+ substrate, the silicon cross 
section of an IGBT (fig. 1) is virtually identical 
to that of a standard power MOSFET. Both 
devices have the same cellular design with 
p·tp+ body, n+ source and polysilicon gate 
structure. In both devices the n· material 
under the p bodies is sized in thickness and 
resistivity to sustain the full voltage rating of 
the device. 
Even if their structure is quite similar, the 
physical operation of the IGBT is different 
from that of the power MOSFET. In fact the 
IGBT is a minority carrier device and its 
physical operation is closer to that of a bipolar 
transistor than to that of a power MOSFET. 
This is due to the p+ substrate which, during 
conduction, injects holes in the n· region 
drastically reducing its resistivity. 
Due to conductivity modulation, IGBTs allow 
power loss saving compared to power 
MOSFETs and have increased efficiency with 
respect to a bipolar transistor because the 
emitter covers the entire area of the die. 
As for the switching speed the IGBT is in 

GATE 

general not as fast as a power MOSFET but 
this is not a limiting factor because of the 
very low switching frequencies used in 
automotive ignition. 
Due to the sandwiched layers of the device, 
the area with the extra p+ layer forms a pnp 
bipolar transistor which controls the fall time 
of the IGBT. During turn-off the BJT portion 
has open base switching and switching 
terminates by the recombination of excess 
minority carriers. 
Consequently the turn-off is dominated by 
the lifetime of the minority carriers in the n· 
region. 
In order to improve the fall time in IGBTs, 
techniques such as electron beam irradiation 
and doping with lifetime killers have been 
used to control the lifetime of minority 
carriers. Structural design changes, by the 
insertion of a n+ buffer layer have also been 
introduced. The optimization of these 
techniques in IGBTs has allowed t1a11 and 
VcE(sat) "tuning" (fig. 2), thus achieving the 
best trade-off between switching speed, 
power losses and ruggedness over a wide 
range of applications. 

POLYSILICON 

· ; SUBSTRATE 

COLLECTOR j .· . 
Figure 1: IGBT basic structure 
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Output characteristics 

In a first order approximation the IGBT can 
be modelled as a pnp transistor driven by an 
n-channel power MOSFET (fig.3). This model 
is very simple and does not take into account 
second order effects, due to the common 
power MOSFET drain and BJT base region, 
but is useful to explain the IGBT 
characteristics. 
As is apparent from the equivalent circuit, 
the voltage drop across the IGBT is the sum 
of two components: a diode drop across the 
p/n junction and the voltage drop across the 
driving Power MOSFET. Thus, like a 
Darlington, the on-state voltage drop across 
an IGBT never goes below a diode threshold 
voltage. As in the final stage of a pseudo
Darlington, the PNP is never in heavy 
saturation and its voltage drop is higher than 
that obtained from the same PNP in heavy 
saturation. It should be noted, however, that 
the emitter of an IGBT covers the entire area 
of the die, hence its injection efficiency and 
conduction drop are superior to that of a 
bipolar transistor of the same size. The typical 
output characteristics of an IGBT are given 
in fig.4. 
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Temperature coefficient 

The IGBT has a temperature coefficient of 
VcE(sat) that looks like a bipolar transistor up 
to approximately lc max· At that point the 
temperature coefficient becomes zero. At 
collector currents greater than lc .max• the 
temperature coefficient becomes positive and 
looks like a Power MOSFET. A typical 
temperature coefficient of V CE(sat) 

as a function of collector current for two 
junction temperatures are given in fig.S. 

Switching 

Due to the similar structure the switching 
behaviour of IGBTs for same aspects looks 
like the Power MOSFET one being affected 
by the unavoidable intrinsic capacitances of 
the device. 
In the same way the main parameters 
governing switching behaviour are the gate 
bias, the driving impedance, the gate charge 
and the stray inductances. 
Unlike the Power MOSFET the influence of 
the driving circuit on the current fall-time of 
IGBTs is negligible. 

Turn-on 

The turn-on behaviour of the IGBT is very 
similar to that of a Power MOSFET and in a 
similar way it is possible to control the turn
on time by the gate voltage and by the 
impedance of the driving circuit. 

Turn-off 

The IGBTs turn-off, shown in fig.6, can be 
divided into three consecutive phases: 
a) the gate voltage begins to decrease until 

it reaches the value when the Miller effect 
occurs; during this phase the collector 
voltage increases slightly changing the 
output characteristics with lc = constant. 
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Figure 3: IGBT simplified equivalent circuit and JEDEC symbol 
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Fig. 4: IGBT Output characteristics 

b) this phase is the Miller effect and the gate 
voltage remains constant because of 
modulation of the collector gate 
capacitance. This is due to collector 
voltage rapidly increasing to its maximum 
value. 

c) the collector current begins to fall quickly 
then it continues with a tail which is due 
to recombination of minority carriers in the 
substrate. 

The current tail, which causes the major 
switching losses, is strongly related to 
technology and its effect can not be mitigated 
by the driving circuit. The faster part of the 
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Fig. 5: V CE(sat} versus lc 

collector current is due to the turn-off of the 
MOS portion of the IGBT structure. This part 
is connected to the PNP current gain which, 
for ignition devices, is designed to be 
relatively high to obtain a lower V CE(sat)· The 
lower VcE(sat) is paid for with a longer current 
tail, refer to fig. 2. The price of this is 
acceptable because switching losses are 
negligible and because of the low switching 
frequency, compared to the losses during 
the on-phase and during current regulation. 
Moreover a very low V CE(sat) is imperative to 
allow the engine to start when the battery 
voltage is at its lower limit. 
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Fig. 6: IGBT turn-off 

HOW AN IGNITION SWITCH MUST BE 
SPECIFIED 

An automotive ignition switch must meet 
certain specifications concerning voltage and 
current rates, minimum energy handling 
capability in case of spark plug disconnection 
.and driving requirements, over the whole 
operating temperature range. 

The main requirements are related to: 
1) breakdown voltage 

2) current and saturation voltage 

3) safe operating area 

4) input characteristics. 

Breakdown voltage 

A pulse of 250V-300V on the primary side is 
normally more than enough to activate a 
spark. Of course the voltage peak on the 
spark plug will reach 20kV or more, because 
of the turns ratio, before the spark is actually 
ignited. 
Just after that, both the primary and 
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secondary voltages collapse and during the 
spark they stay significantly lower than the 
peak. Consequently the protecting zener can 
not be made to operate below 350V, to make 
sure that the voltage pulse will be high 
enough. 
The switch breakdown voltage, that must 
never be reached, is therefore to be specified 
at least sov higher than the zener breakdown 
to have a reasonable safety margin. 
A wide range of IGBTs are actually in fully 
production covering BVces ranges from 400V 
to 1500V. 

Current and saturation voltage 

The current density of an IGBT rated at 500 V 
and SA is up to two times greater than a bipolar 
transistor with comparable ratings in terms not 
only of breakdown and saturation voltage but 
also in terms of safe operating area. 
Consequently it is possible to achieve the 
same performance as a standard ignition 
Darlington with a smaller silicon area or 
alternatively to have a better thermal 
resistance. 

Safe Operating Area 

The safe operating area describes the 
capability of a transistor to withstand 
significant levels of voltage and current at 
the same time. 
There are two main conditions that would 
subject an ignition switch to this combined 
stress: 
a) In normal operating conditions the falling 

edge of the collector current during turn
off causes the collector voltage to rise until 
the spark occurs. 
During this phase the ignition switch has 
to withstand, at the same time, high 
voltage and high current levels, without 
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either damage or reliability degradation. 
This can be achieved only if the voltage 
and current levels are within the 
boundaries of the guaranteed turn-off safe 
operating area (RBSOA). Otherwise an 
network is required to shape the voltage 
and current waveforms. 
The actual technology allows the 
production of IGBTs having a square 
RBSOA whose voltage boundary is the 
BVces and the current limit is at least two 
times the nominal current of the device 
thus avoiding any need for a network. 

b) In case a spark plug is disconnected the 
ignition switch must be able to absorb the 
energy that the coil can not release to 
spark. All the stored electromagnetic 
energy tends to concentrate across circuit 
parasitic capacitances charging them up 
to high voltages and putting the device in 
avalanche with risk of going into second 
breakdown and failing. This problem is 
overcome dissipating this energy stress 
on the power switch by a protection zener 
put between the collector and the device 
base which turns the device on as soon 
as the collector voltage exceeds the 
nominal zener voltage. The usual way to 
indicate the minimum energy the switch 
can absorb without damage is to specify 
the battery voltage, the coil inductance 
and coil current, the clamp voltage for the 
zener and, if present, the collector-to
emitter capacitance. 

This kind of specification is usually referred 
to as the "use test" and it can be easily 
guaranteed for the IGBTs. 

Input 

The ignition switch must be specified to 
ensure that the current and voltage avSJ.ilable 

from the driving stage are enough to switch 
it on and off under all temperature conditions. 
The input characteristic of IGBTs is a MOS 
characteristic thus· requiring a very small 
amount of energy for switching. The IGBTs 
require a driving energy that is at least two 
orders of magnitude lower than the 
Darlington's. 
Moreover the recently introduced logic level 
IGBTs, STGP1 ON50L or equivalent, can be 
turned on with a gate voltage as little as 3V. 

IMPROVEMENTS 

The structural characteristics of IGBTs lend 
themselves to further improvements in similar 
ways to the developments made in power 
MOSFET technology. 
Logic level IGBTs are available and they can 
be directly interfaced to CMOS, TTL, PMOS 
and NMOS logic circuits and microprocessors 
operated from 5V supplies. 
Moreover temperature sensing, current 
sensing, gate to emitter and collector to gate 
voltage clamping can be designed into IGBTs 
at the cost of a small increase of the silicon 
area and the addition of only one masking 
layer to the process. 
The functions that can be obtained provide 
significant improvement in ruggedness, 
reliability, protection and system cost 
reduction. 

CONCLUSION 

IGBTs are high voltage power switches which 
can work at very high current densities. They 
are simple to drive and are intrinsically 
rugged.This, coupled with the potential to 
integrate functions such as device protection 
and other reliability enhancing features, make 
them potentially very aggressive competitors 
in the automotive ignition field. 
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INTRODUCTION 

The ever increasing demand for cost 
reduction and higher levels of circuit 
complexity and reliability have directed the 
semiconductor manufacturer's attention 
towards smart power technologies which 

APPLICATION NOTE 

HIGH SIDE DRIVERS 
by A. Russo 

B. Bancal 
J. Eadie 

allow the production of totally integrated 
monolithic circuit solutions that include a 
power stage, control, driving and protection 
circuits on the same chip. 

CONVENTIONAL CONTROL CIRCUITS 
INPUT LOGIC 

--~ INTERFACE ..... ~ 

...... HARDWARE 

STATUS 

POWER POWER 

DRIVER SWITCH LOAD 

DIAGNOSTIC 

INPUT-
..,.... PROTECTION 

LOGIC 

t 
POWER DRIVER 

LOAD 
...... .....- POWER SWITCH 

INTERFACE 
STATUS 

VIPower .. THE SMART SOLUTION .. 

Vertical intelligent power, (VIPower "') an 
SGS-THOMSON Microelectronics patented 
technology, established over 7 years ago, 
uses a fabrication process which allows the 
integration of complete digital and/or 
analog control circuits driving a vertical 
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power transistor on the same chip. The 
power handling capability of this type of 
structure compares favourably with 
monolithic smart power devices of 
equivalent chip size which use lateral, or 
"U-turn" power output structures. 
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SMART POWER APPROACHES 

CONVENTIONAL 
SMART POWER ICs 

rrlrr 
Source Source 

11U-TURN 11 PROCESS 

The VIPower technology MO used for 
making these High Side Drivers produces a 
monolithic silicon chip which combines 
control and protection circuitry with a 

VI Power 
Gate 

VERTICAL PROCESS 

standard power MOSFET structure where 
the power stage current flows vertically 
through the silicon. 

CROSS SECTION OF M0 VIPower™ TECHNOLOGY 

Driving circuitry 

Enhancement and depletian NMOS 

High Side Drivers, with their integrated 
extra features are power switches that can 
handle high currents and work up to about 
40V supply voltage. They require only a 
simple TTL logic input and incorporate a 
fault condition status output. They can 

Power stage 

VDMOS 

Power stage output 

drive an inductive load without the need for 
a freewheeling diode. For complete 
protection the devices have an over
temperature sensing circuit that will shut 
down the chip under over-temperature 
conditions. They also have an under-
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voltage shutdown feature. It is simple to 
introduce some differences in the control 
logic to produce devices with features 
which cater for different working 
environments. 

Each application exerts an external 
influence over the switch. A filament lamp 
or DC motor, for example, have in-rush 
currents that any switch has to handle. 
Solenoids and motors have an inductive 
effect and must lose the residual 
magnetism when the current is turned off. 
This gives rise to induced voltages and the 
need to remove this stored energy. 
External fault conditions can also stress the 
drivers and their associated circuitry. The 
following discussion has been designed 
to explain the basic principles involved 
in using these deVices and to help to 
understand how they react under the 
influence of various applications. 

Almost every electronic switch used in a 
modern automobile application is a high 
side switch. This configuration is preferred 
for automotive use because: 

a) - This configuration protects the load 
from continuous operation and resulting 
failure, if there is a short circuit to the 
ground. Since the body of a car is metal 
and 95% of the total car is ground, the 
short to ground is much more common 
than short to V cc 

b) - High Side Drivers cause less 
problems with electrochemical 
corrosion. It is of primary importance 
in automotive systems because the 
electrical components are in an adverse 
environment, specifically adverse 
temperatures and humidity and the 
presence of salt. For this reason the 
series switch is connected between the 
load and the positive power source. 
Therefore when the electrical 
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component is not powered (that is for 
the greatest part of the lifetime of the 
car) it is at the l0west potential and 
electrochemical corrosion does not take 
place. 

Integrated High Side Drivers offer 
numerous advantages over the popular 
automotive relay used in .cars today. 
Diagnostic information output from the High 
Side Driver helps the on-board 
microcontroller to quickly identify and 
isolate faults saving repair time and often 
improving safety. High Side Drivers can 
reduce the size and weight of switch 
modules, and where multiplexed systems 
are used, dramatically reduce the size of 
the wiring harness. 

Process control applications offer another 
use for High Side Drivers. A considerable 
improvement in reliability and reduction in 
down time can be obtained by using them 
in place of relays. Process control 
systems, often consisting of powerful 
computers that control large numbers of 
actuators, are perfect environments for 
these devices. The semiconductor 
manufacturer has little control over the 
nature of the load being driven and these 
can vary - solenoids, motors, transducers, 
leds. In these situations, software process 
monitoring by a !!P can detect a fault 
reported by a status output and offers the 
option of taking corrective action. In the 
unlikely event of a failure in a High Side 
Driver in critical processes, a second 
device can be programmed to operate 
instead. 

SGS-THOMSON High Side Drivers are 
designed to provide the user with simple, 
self protected, remotely controlled power 
switches. They have the general structure 
as shown in figure 1. Appendix I sho,ws a 
table of the devices and summarizes their 
features. 

----------------------~~~~~ -------------------=~2=3 
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Figure 1 : Standard current and voltage conventions 

Vee 

Some typical applications are shown in figure 2. 

Figure 2 : High Side Drivers interfaces between control logic and power load 

LOGIC 

CONTROL BUS II CONTROLLER 

THE GENERAL FEATURES OF HIGH 
SIDE DRIVERS. 

INTELLIGENT 
POWER SWITCH 

POWER 

The diagram in figure 3 shows the control power stage of a basic device. 
and protection circuit elements and the 
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Figure 3 : Generic Internal Block Diagram 

• Optional feature in the VNXXAN series 

Input 
The 5V TTL input to these High Side 
Drivers is protected against electrostatic 
discharge. General rules concerning TIL 
logic should be applied to the input. The 
input voltage is clamped internally at about 
6V. It is possible to drive the input with a 
higher input voltage using an external 
resistor calculated to give a current not 
exceeding 1 OmA at the input. 

Internal power supply 
To accommodate the wide supply voltage 
range experienced by the logic and control 
functions, these devices have an internal 
power supply. Some parts of the chip are 
only active when the input is high, the 
status output and charge pump for 
example. This means it is possible to 
conserve power when the device is idle. 
The internal power supply has therefore 
been designed in two parts. One section 
supplies power to the basic functions of the 
chip all the time, even when the input is OV. 
The second section supplies power only 
when the input is high. This ensures that 
the stand-by current is limited to 50!!A 
maximum in the off-state. 
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GROUND 

THE CONTROL CIRCUIT. 
Under voltage lock-out. 
Under-voltage protection occurs when the 
supply voltage drops to a low level 
specified in the datasheet as V uso· The 
under-voltage level set at this value 
ensures the device functions correctly. 
Inductive effects must be considered in 
understanding the function of this feature. 
The di/dt is controlled by the device and 
not by the external circuit. The controlled 
value is calculated for a line inductance of 
5!!H(=5mt. of wire). Typically di/dt=0.5AI!!S 
for a normal load and 1 A111s for a short 
circuit. At turn on this generates an 
opposing voltage. If this opposing voltage 
is too large, the apparent supply voltage 
will drop below the under-voltage lock-out 
level and the device will turn off. Using 
the specified conditions, the induced 
voltage will not be large enough to reduce 
the supply voltage below 6V. This is 
important in the case where the load is a 
near short circuit when in-rush current 
occurs, as in the case of a car headlamp 
filament turning on. 

-------------------------~~~~&~~~4 _______________________ 5 __ ~3 
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Open load detection and stuck-on to V cc· 
Open load detection occurs when the load 
becomes disconnected. In the VN20N 
family open load detection only occurs in 
the on-state. 

An extra feature for load disconnection 

detection is that open load detection during 
the off-state as well as in the on-state can 
be provided. The circuit for the off-state 
open load detection requires an external 
resistor between V cc and the output pin. 

Figure 4 : Equivalent Schematic for the open load detection current in off-state 

VNXX 

STATUS 

Open load detection is possible in the off
state in the VN21 family and it conforms to 
the I.S.O. norms for automotive 
applications. If an open load condition is 
detected the status flag goes low. Should 
an external supply be applied to the load 
(output pin) or the device is externally short 
circuited, the off-state open load detection 
can detect this "stuck-on" to V cc condition. 

Over-temperature protection 
Over-tempera:rure protection is based on 
sensing the chip temperature only. The 

REXT IS CHOSEN ACCORDING V00 

TO FIX IOL (off) 

KNOWING THAT THRESHOLD VtoAD VOLTAGE 

IS FIXED AT VREF 

= = > lopenoff = (Voo - VREF) I RExT 

location of the sensing element on the chip 
in the power stage area, ensures that 
accurate, very fast, temperature detection 
is achieved. The range within which 
over-temperature cutout occurs is 140°C 
- 180°C with 160°C being a typical level. 

Over-temperature protection acts to protect 
the device from thermal damage and 
consequently also limits the average 
current when short circuits occur in the 
load. 
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Figure 5 : VN20N Die Layout - Note the thermal sensor inside the Power MOSFET Area 

Driving the power MOSFET. 
The power MOSFET output stage is driven 
by an internally generated gate voltage. A 
charge PUQ'lP provides sufficient voltage to 
turn on the gate. 

Turn-on 
As previously explained, the High Side 

Drivers are turned-on with a controlled di/ 
dt. 

Turn-off: Normal and fast load 
demagnetization 
When a High Side Driver turns off an 
inductance a reverse potential appears 
across the load. 

Figure 6 : Inductive load demagnetization turn-off for the VN20N family 

Vcc(V) 

L...,--1-_J i lVcc(V) + Voomogl 

LLOAD 

L__ __ _____._~ 1 Voomog 

I LOAD 
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The source of the power MOSFET 
becomes more negative than the ground 
until it reaches the demagnetization 
voltage, V demag.' of the specific device. In 
this condition the inductive load is 
demagnetized and its stored energy is 
dissipated in the power MOSFET according 
to the equation shown below: 

[V cc + V demagJ 
p demag.= 0.5 Lload [lloadj2 · ------------------- · f 

vdemag. 
where f is the switching frequency and 

vdemag. the demagnetization voltage. 

In the basic High Side Driver family the 
typical value of, I Vdemag.l is = 4V. 

In the I.S.O. and industrial series,to reduce 
the dissipated energy, an internal circuit 
has be added in order to have a typical 
I Vdemag.l = 18V. 

In this condition the stored energy is 
removed rapidly and the power dissipation 
in the power MOSFET is reduced - see 
equation. Figure 7a/b compares the 
waveforms of the normal and fast 
demagnetization techniques. 

Figure 7a/b : VN20N-VN21 Driving an Inductive Load 

DATE: Nov. 12/91 
TIME: 09.32.00 

TR4A=2.45V 
VN20N 

03.84ms 
--- -~~--,--- r-- -r- -1--- "T--- r-- -,----,--- .. 

: :I TBA=1 ms Pre Trig=1 0.0°/o : : 
---1---r---,---~---, 

:INPUT : : : 
- __ ...J __ 1 (1) 

~~~:.=.=..~~~~-=-=.::~==:=j (3) 

(1) TR1A' O.SOV' 1ms (3) TR3A' 10.0V' 1ms 
(2) TR2A' 1.00V' 1 ms (4) TR4A' 0.50V: 1 ms 

Figure 7b shows the VN21 driving an 
inductive load. During the on period, the 
current in the load rises linearly to a 
maximum. At turn-off the current decrease 
linearly, but, at a sufficiently fast rate for 
fast demagnetization of the loa·d. There 
is no fault output from the status pin. In the 
VN20N, the basic High Side Driver with 
no special feature for fast 
demagnetization, the turn-off takes up to 5 
times longer than the VN21. Note that the 
status output will pulse at turn on because 
the internal circuit detects a very short 
duration open load, see figure 7a. 
The maximum inductance which "causes 

DATE: Nov. 1 2191 
TIME: 09.27.00 

TR4A= 2.45V 
VN21 

1.920ms 

"-=4f-=-+-=f~~---H (1) 

, STATUS: 
- ~---~---:---~---.1 (4) 

' 
' 

(1) TR1A: 0.50V: 500ps (3) TR3A: 10.0V: 500ps 
(2) ·TR2A: 1.00V: 500ps (4) TR4A: O.SOV: 500ps 

the chip temperature to reach the shut 
down temperature in a specified thermal 
environment, is a function of the load 
current for a fixed V cc• V demag. and 
switching frequency. This is the maximum 
rate at which the drivers can be 
demagnetized. Figure 8 shows the 
maximum inductance for a given load 
current for devices meeting I.S.O. 
requirements, assuming a chip temperature 
of 160°C at turn-off and a supply voltage of 
13V. The values are for a single pulse with 
85°C case temperature. Note that the 
devices are not protected against 
overtemperature during turn-off. 
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Figure 8: Max inductance which produces a temperature of 160°C at turn off with Vee= 13V. 
The values are for a single pulse with Tc = 85°C 
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Additional Features of the High Side 
Drivers 
High Side Drivers are designed for use in 
various market segments, the precise 
requirements of the drivers varying a little 
with the application. There are additional 
teatures to accommodate these 
requirements. 

-1LOAD -

-

1"\. 

1\. 

1\. VN31 

" r--... 
\ ~ 
~ !':: 

1"'- )'. 

30 40 ILOAD(A) 

To reduce the on-state quiescent current 
for some applications, particularly industrial 
ones, the open load detection circuit is not 
included. There will consequently also be a 
lower power dissipation, an important point 
when similar, multiple High Side Drivers 
are mounted on one board. It can means 
the difference between using or not using 
a heatsink. 

-------------------------~~~~~~9~ ----------------------~9~~3 
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APPLICATION NOTE 

The operating voltage range can vary e.g. 
5.5V to 26V for automotive applications 
and 7V to 36V for process control. Some 
devices have fast demagnetization of the 
load, ground disconnection protection, 
on- and off- state open load detection and 
5ms filtering of the status output. 

Status output and status output signal 
filtering. 
The difference in electrical behaviour 
between the non-filtered and the filtered 
High Side Drivers is that the status output 
filtering circuit provides a continuous signal 
for the fault condition after an initial delay 
of about 5ms in the filtered version. This 
means that a disconnection during normal 
operation, with a duration of less than 5ms 
does not affect the status output. Equally, 
any re-connection during a disconnection 
of less than 5ms duration does not affect 
the status output. No delay occours for the 
status to go low in case of overtemperature 
conditions. From the falling edge of the 
input signal the status output initially low in 
fault condition (overtemperature or open 
load) will go back high with no delay in 
case of overtemperature condition and a 
delay tPoL in case of open load. These . 
features fully comply with International 
Standards Office, (I.S.O.), requirements 
for automotive High Side Drivers. 

ABNORMAL LOAD CONDITIONS: 

Load short circuits 
Should a load become short circuited, 
various effects occur and certain steps 
need to be taken to deal with them, 
particularly choosing the correct heatsink. 
Two clear cases of short circuit occur: 

1. The load is shorted at start-up. 
2. The load becomes short during 

the on-state. 

Start-up with the load short circuited. 
At turn-on the gate voltage is zero and 
begins to increase. Short circuit current 
starts to flow and power is dissipated in the 
High Side Driver according the formula: 

The effect is to cause the silicon to heat 
up.· The power MOSFET stays in the linear 
region. When the silicon temperature 
reaches about 160°C the over temperature 
detection operates and the switch is turned 
off. Passive cooling of the device occurs 
until the reset temperature is reached and 
the device turns back on again. The cycle 
is repetitive and stops when the power is. 
removed, the input taken low or the short 
circuit is removed. 

Figure 9 : Automatic Thermal cycle at start- up with the load short- circuited. 

892 

-4. 154 00 ms 

' 
INPUT I: 

I: 
I: 

('(. :~ 
' I' 

I: 
' 

Channel 2 = 2.000 Volts/div 
Channel 3 = 10.00 mVolts/dlv 
Tlmebase = 2.00 ms/dlv 

5 84600 ms 

Icc = 10NOiv 

...._ 
h hi /"\ 

1 TI 1l { 

Start = 1.62000 ms Stop 2.00000 ms 

15 8460 ms 

I 

hf'l ll'l 
II\ II I 

Offset = -4.000 Votls 
Offset = 30.00 mVolts 
Delay = 5.84600 ms 
Delta T = 380.000 ~· 



Even in this configuration, the device 
controls the di/dt. Figure 9 shows a 
start-up when there is a short circuited 
load driven by a VN05N. The initial peak 
current is 30A for this 180mQ device. 

A short circuit occurring during the on
state. 
When a short circuit occurs during the 

APPLICATION NOTE 

on-state, the power MOSFET gate is 
already at a high voltage, about V cc+ 8V, 
so the gate is hard on. Hence the short 
circuit di/dt is higher than in the first case, 
and only controlled by the load itself. After 
the steady state thermal condition is 
reached, thermal cycling is the same as in 
the previous case. 

Figure 10: Automatic thermal cycle for a short circuit occouring during the on- state 

4 15400 ms 

INPUT ' 

I: 

I: 

I: 
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I' 

I: 
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Channel 2 = 2.000 Volts/div 
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llfl 
\ lJ 
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15 8460 ms 
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Offset = -4.000 Votls 
Offset = 30.00 mVolts 
Delay = 5.84600 ms 
Delta T = 380.000 ps 

Automatic thermal cycle. 

The thermal cycling in overload conditions 
produces repetitive current peaks. The 
device switches on, the silicon heats up 
until the over-temperature sensing acts to 

turn the device off. The rate of passive 
cooling depends on the thermal capacity of 
the thermal environment. This, in turn, 
determines the length of the off-state 
during thermal cycling. 

Figure 11 : Automatic Thermal cycle in overload condition 
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J ___ 
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APPLICATION NOTE 

It is important to evaluate the average and 
RMS current during short circuit conditions. 
This is required in order to determine the 
track dimensions for printed circuit boards 
and the correct value for any fuse used. 
In all practical situations there is no danger 
to pcb tracks from these high peak current 
for track designed to handle the nominal 
load current. 

Evaluating the Average current 
In steady state conditions the junction 
temperature oscillates between Tj 
(shutdown) and Tj (reset). 

Tj(av.)=(Tj(shutdown)+ Tj(reset))/2 = 135°C 

Dissipated power: 

For a specific package 

Note that !average does not depend on the 
peak current I(PK) . 

Example: 
VN21 with Tease = 85°C has an average 
current, I(AV) = 3.85A, 

at R1hi·case = 1 °C/W and V cc = 13V 
The average current is independent of the 
peak current. 
Generally, a current limiter does not 
decrease the average current. 

Figure 12: Average current during an hard short- circuit test 

I 
1 ... 

- ..... - -- -- - -1-- ---

' ' ' ' 
' ' -,---
' 

-1---, 

' ----,-----
' 

----I-----
' 

Evaluating the RMS current 
The RMS current, IRMs• generates heat in 
the copper track on PCBs during short 
circuits. 

I(RMS) 2 = 1/T J: 12(t)dt 

= I(PK) X ...Je/T, where e/T is the duty 
cycle. 

' ' 
---~---~----1---- -----1----~----~--- -1--- -I 

1 I I I t I I ' ' ' ' ' 
' ' ' I I I I I I I 

---,----~----~---I ----,-----,----~--

1 I I I I 

---I----_.----~--- ---_:_f)- J--- _l_- -1--- -I 
I I I I ' ' ' ' ' I I I I I 

- 1...- ..l- _,_ """': - ...J-- ,_- ...1. -. ~ 

..,.; T !-'~ 

with 

1 ms/square 

r(Av> = 1/T J: l(t)dt = r(PK> x e/T 

. I(RMS) = ..,f (I(PK) X I(AV)) 

1.:.::21.:.::2:.::_3 __________ 1..Yi., ~~'IU~~I! ------------
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APPLICATION NOTE 

The RMS current increases proportionally the current do not decrease the RMS 
to the square root of the peak current --> current significantly. 
+40% if I(PKJ is doubled. Schemes to limit 

Figure 13: RMS current during an hard short-circuit test 

IQV(PK} ~i ~~~~--'-~::l\1--_;___;__ · · ____ ;::--_ ~. \ ( STEADY STATE~:--~~ 
' ' ' I I I I I I I I I -:- ~ i - -f-- -~--- :----:----- ---~---~----~--- -----~---~----4--- ~----1 
1 ctJ I I 

I I I I I I 
1 I I I I 

I ::::::1 I I I : 
1 I I I I 
I I I I I I I -:- C"{ - -+- -r-- ----,----- ---r---1----r--- ----~---~----i-- 1----
, I I I I I I I : Cl): : : 

IQV(AV) -i- ::C i - + -~-- .... : ..... ___ L ___ 1 ____ ~ ___ : ____ :_ e_ J ___ _ l_ _ ~ ___ -· 
: U): : 

___ ...J __ , .J.. 

0.5 5 
I ,... I 

~ 

Heatsink requirements. 
Overload protection is based on device 
heating. If you want to detect an 
overload, i.e a damaged load, the chip 
must be allowed to heat up so that the 
thermal sensor located on the chip is 
activated. This leads to the following· 
general rules for sizing heatsinks for the 
VN High Side Drivers. 

1.Do not use a too big heatsink. 
2.Do not use a VN device which has 

R0 N much lower than that which 
the application.requires. 

This example illustrates a specific case. 

Situation: 
-a supply voltage of 14V, 
- a load resistance of 2Q, 
- VN20N - RDS(on) at 25°C = 50mQ 
- load current= 7A 

To detect an over current of 20A, 

I I I I I I I I 
I 1 I I I I 
I I I I I I I 1 

-~-~-~- -~--~-~- ~-· 

' 
~: T 

1 ms/square 

assuming that Ros(onl at· 150°C = 1 OOmQ 
(see datasheet) hence: 

P0 = 202 X 100·3 = 40W 

Rthj·a should be dimensioned for 

8thermal shutdown - 8 Ambient < 

For example 160°C - 25°C < 40W x Rthi·a 

The effects of load disconnection. 
When a load becomes disconnected there 
can be over-voltages caused by the 
change of load current. Figures 14a/b 
summarizes the likely effects. Figure 14a, 
shows a load driven by a VN21. The supply 
to the VN21 has a very low parasitic 
inductance. When the load becomes 
disconnected, the current changes at a 
rate determined by _the· time taken• for the 
load to disconnect. This controls di/dt . 

---------------------~~~~ ------------------~1~~2=3 
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APPLICATION NOTE 

Figure 14a/b: Example of possibles situations during a load disconnection 

WITHOUT LINE INDUCTANCE WITH UNE INDUCTANCE 

+ VBAT o---------9-----, 

LOAD 

~ 
'"" 

~ 
fssv 

I 

""' I 

'"" ""' = = > NO PROBLEM WHEN LOAD DISCONNECTS 

= = > FAULT DETECTION ON STATUS PIN 

= = > AN OVERVOLTAGE APPEARS ON Vee PIN 
WHICH IS PAOPORTIONNAL TO dLidt 

GENERATED BY THE LOAD DISCONNECTION 

E(overvoltage) = L dlldt 
• OPENLOAD AT ON STATE 

' OPENLOAD AT OFF STATE WITH RoL 
dVdt IS FUNCTION OF THE SWIFTNESS OF LOAD DISCONNECTION 
AND MAY EXCEED DEVICE BVDss 

SOLUTION: CONNECT A ZENER DIODE OR A CAPACITOR CLOSE TO Vee PIN 

Figure 14c: Behaviour of a VN21 during a load disconnection 

TEST CONDITIONS: LINE INDUCTANCE + 46 VOLTS CLAMPING DEVICE 

TR2A: 4.13V 03.37~s 

~--r--~--,--,---~---r--r--~--,--~ 

: TBA=1 us Pre Trig=35. 2% :INPUT : 
r-- ---t-- -- ------ - -- -- --- --TR1A:0.50V:11JS 
I I I I I I I 1 I 

1 I I I I I I I 1 I 
;- -"- -- ~- _ _. ___ , __ -- --1-- -+--- ~ ---1---, TR2A:1.00V:11Js 

' : : : : : : STATUs : 

In this present case, there is virtually no 
inductance in the supply line. Hence no 
over-voltage is generated and V cc is 
unaffected. The status pin goes low to 
indicate an open-load state 

In the second case illustrated, figure 14b, 
the supply line has parasitic inductance 
and capacitance. When the load is 
disconnected an over-voltage is generated, 
(Vover-voltaqe = L di/dt). The di/dt is not 
controlled by the device but by how fast 
the load is disconnected. It is possible that 
the over-voltage may exceed the 
breakdown voltage of the device. It is a 
wise precaution where the supply 

----L--L __ _.. __ _. ___ : TR3A:10.0V:11JS 

' TR4A: 0.50V : 1JJS 

ltoA05NDiv 

connection pins are likely to have some 
inductance, to use a 56V zener diode or a 
capacitor close to the supply pin of the 
switch. Figure 14c shows a test made 
using a zener clamp to overcome line 
inductance. 

PROTECTION AGAINST GROUND 
DISCONNECTION 
There are a number of distinct situations 
that can occur when one of the ground 
connections is broken in circuits using the 
High Side Drivers. 

The first case, shown in fig. 15a, is when 
the GND pin of the High Side Driver is 

1_4_12_3 ---------- ~iii., ~9/i 
896 



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

disconnected while the 11C and the load 
are connected to ground. In this case in 
the I.S.O. an industrial High Side Drivers 
nothing happens and the device remains 
oft. In the VN20N family a voltage of about 

APPLICATION NOTE 

2V appers on the load and conseguently 
there is a power dissipation: 
Po = (Vee- 2} · ILOAD 
usually very low. In these conditions the 
diagnostic is not functioning. 

Figure 15a: Possible ground disconnection occurring when a High Side Driver is connected to 
a 11Controller (case 1) 

Vee 
~----~~-D 

IJC 

The second case, shown in fig. 15b, is 
when both the GND pins of the High Side 
Driver and of the 11C are disconnected 
while the load is connected to ground. In 
this situation the signal GND rises up to 
V cc· In the 1.8.0. and industrial High Side 
Drivers nothing happens up to V cc<18V 
and the diagnostic output remains in high 

High 
Side 

Driver 

state at Vee· In the VN20N family a voltage 
of about 4V appears on the load and 
conseguently there is a power dissipation: 
Po= (Vee- 4) · ILOAD 
If P 0 is excessive with respect to the 
heatsink capability, destruction may occurs 
since the protections are not functioning. 
The load is permanently activated. 

Figure 15b : Possible ground disconnection occurring when a High Side Driver is connected to 
a 11Controller (case 2) 

~----~~-DVee 

Signal GND 

High 
Side 

Driver 
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APPLICATI_ON NOTE 

Another practical case is when an external 
component supplies current to the High 
Side Driver GND pin which is disconnected 
from the ground. This might occur if the 
VN device is mounted on a local PCB with 
other devices and has a local ground while 
the load may be grounded to the frame or 
body of the equipment, figure 16. Also, in 
this case, for internally protected devices, 
the output remains off up to the point 
where the voltage on the GND pin is ~ 18V 
with reference to real ground at OV. This 
will reduce the maximum V cc the High Side 

Driver is able to withstand before turning 
on with the control circuit in-operative. 
One solution to this problem is to insert a 
resistor and diode in between the device 
GND pin and the output pin. The series 
resistor, Rs, must be calculated so that the 
sum of the current, Is, of the High Side 
Driver chip connected to the GND node 
plus the current drawn by the external 
elements, produces a voltage drop of less 
than 18V across Rs + Ds + R1oad for I.S.O. 
or industrial High Side Drivers and less 
than 2V for STD devices. 

Figure 16 :Ground disconnection occuring when an equivalent resistor supplies current on the GND pin. 

Vee 

Req 

CONCLUSION 

INPUT 
VNXX 

STATUSGND 

-----------1 

'T 1----------1 

"'" 

The VN series of High Side Drivers offers 
designers a highly attractive method of 
controlling a variety of inductive and 
resistive loads. The option to use a 
selection of extra features such as fast 
demagnetization or status filtering makes 
them equally suitable for general or 
specialised use, typically in the automotive 
environment. 

OUTPUT I 
'"" 
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APPLICATION NOTE 

VI Power 
60V B(BR)DSS HIGH SIDE DRIVERS PRODUCT RANGE 

DEVICE Ros~ont vee PACKAGE 
@ 2 0 Range 
(mohm) (V) 

VN02N 400 7-26 Pentawatt/PowerS0-1 0™ 
VN05N 180 7-26 
VN20N 50 7-26 
VN30N 30 7-26 

VN03 500 5.5-26 Pentawatt/PowerS0-1 0 
VN06 180 5.5-26 
VN21 50 5.5-26 
VN31 30 5.5-26 

VN02AN 350 7-36 Pentawatt/PowerS0-1 0 
VN20AN 50 7-36 

VND05B(*) 200 6-26 Heptawatt/PowerS0-1 0 
VND10B(*) 100 6-26 
VN16B(*) 60 6-26 Pentawatt/PowerS0-1 0 

VN02H(*) 400 5-36 Pentawatt/PowerS0-1 0 

(*) Application information as described in the Note apply also to these devices 

• Fast demagnetization & ground disconnection protection 

o Open load detection off state + stuck-on to Vee 

* Smsec STATUS FILTERING (ISO STANDARD) 

o Double channel 

EXTRA 
FEATURES 

110* 

IIO* 

110* 

110* 

II 

II 

1100 

1100 

110 

------------------------~~~~4 _____________________ 1_7~~3 
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SYMPTOM COMMENT SCHEMATIC NOTES 

0 
Off-state open load VN03 I REXT 

lit is necessary to set the Vee Voo Chom;e REXT to match V 00 to ~ 
detection VN06 current that fixes the fix 10 L(onr The threshold V LOAD 6 VN21 voltage,V,0 , 0 , in the off is fixed at V REF' 

VN31 state. When R,0 , 0 fails - IOL(off); (VDD ·VAEF) / REXT' z 
goes open or high OUTPUT 

The open load detection in off- z 
resistance- V LoAD increases state is only possible for a 0 
and an internal comparator nominal value of R,0 , 0«1 OkQ -1 
triggers the status flag to go 

m 
low. 

----o 1 I 1'' 
STATUS ''''' ''''' 

2 Voltage spike on V ec ALL D4orC1 If the line inductance is not LINE INDUCTANCE I Use a 56V zener diode to 

~ 
when load disconnects. zero and dVdt caused by vs=;-~;n-~;1)·:~}1)··. clamp V ec or put a capacitor, 

disconnection of the load C1 (about 100nF), near Vee 
is high, an over voltage E c, pin. 

~l!r ;L-di/dt appears on V w 

icn The v(B~DSS of the output INPUT 
o. 

~:i! 
power OSFET could be --·-··- 56V 
exceeded. 

©0 

i!i 
~0 I ''''' ''''' 

,,,,, 
~z 

I 
Over voltage on V ce from ALL 

I 04 or RuM I 04 can be used as a 
external circuit decentralized clamp (V ce I I RuM; 150Q is a general value 

clamp and energy clamp). to protect devices from the 

Othe!Volise a resistor, RuM' effects of a load dump. Refer 

can be added on the to the specific data sheet. 

ground pin to lim(ts the 
current in the signal 
section of the device in 1 '"'' ''"' ''''' case it exceeds the signal 
path breakdown voltage. 
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SYMPTOM DEVICE I COMPONENT 

4 I Supply reversal ALL 

5 I Supply reversal - case 11 ALL 

6 I Supply reversal - case 
2 

ALL 01 or 02 

-

COMMENT 

Refer to the equivalent 
schematic seen by user 
through pins: Load, Input, GND 

Batteryconneclion reversed; 
correcl connection of the 
High Side Driver devices. 

High Side Driver reverse 
connected with the battery 
correctly connected. 

SCHEMATIC 

INPUT GND LOAD 

NOTES 

'Vee> 1V 
--tMGND'ON"--tVSS= GND 

Normal case 
"'-4 <vee< 0 

--tMGNDOFF 
~No current accross input 

and GND pins 
->A DC current flows in the 

eooovl load and DBody 
WARNING: 
If the load is an inductance with 
a parallel free wheeling diode, 
the user sees 2 forward biased 
diodes belween GROUND and 

vee· 
-tOo not exceed imax to 
prevent damage. 

If the battery is short circuited by 
3 x 2 series diodes (typically an 
alternator diode configuration) 
the supply voltage,V cc. is 
clamped lo about -3V and no 
damage occurs to the VN device. 

vee for the deVICe is -13V. To 
prevent damage to the device 
use eilher a bipolar or Schottky 
diode in series with the ground 
pin connection. Use R1 and R2 
to limit lhe negative current in 
the input and status pins 
because the internal ground 
drops to V cc· 

:t> 
"C 
"C 
r-
5 
~ 
5 z 
z 
~ m 
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SYMPTOM 

7 Input driving. 

8 Pin disconnection - .V cc 

9 Pin disconnection -
Ground 

DEVICE COMPONENT COMMENT 

ALL RINPUT Driving the input from a 
voltage greater than 6V 

ALL R1 R2 Driving an Inductive load, 
this !<ind of disconnection 
has the same electncal 
effects as V cc reversal. 

VN03 An external component,Req, 
VN06 supplies current to the High 
VN21 Side Driver GND pin. 
VN31 The local ground is separate 

VN02AN from the load ground. Req 

VN20AN 

SCHEMATIC 

-
RINPUT 

4: INPUT 

10mA max 

R, f 
INPUT Vee 

OUTPUT 
STATUS GND 

R2 

~' 
LOAD 

''''' 

£Vee '"'"' ffl STATUS GND OUTPUT 

V1l ~-----------: ~LOAD 

~· ' ~ ~--~~---~-s __ : ~ 
' 

NOTES I 
To drive the input from a line I 
voltage > 6V insert a series 
resistor to limit the input current 

1 

liN max< 10mA 

1) Resistive load - no problem 
of damage. 

2) Inductive load- V cc reversal 
occurs. If current and 
inductance of leads are too 
high the device may be 
damaged but the safety 
margin is wide - up to 1 OOmH 
and SA for the VN21 

In this case, input and status 
pins are pulled to a negative 
voltage so it is recommended 
to insert resistors in series with 
these pins in order to protect 
thef!C. 

The devices are internally 
protected (output stage off) if 
the voltage on theGND pin is,; 
18V with reference to the real 
ground at 0 V. To avoid the 
High Side Driver to turn-on if 
GND is over 18V is poSSible 
insert As and Ds as shown in 
figure. 
Choose As so that V,<18V 

l> 
"tJ 
"tJ r c; 
~ 
0 z 
z 
0 
-1 
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SYMPTOM 

10 I Ground potential 
differences 

111 Ground potential 
differences - case 1 

121 Ground potential 
differences - case 2 

DEVICE I COMPONENT 

ALL 

ALL D2 

ALL D2 

COMMENT 

Voltage range for all High Side 
Drivers is defined between 
V00 and V882 (VNxx GND). 
All voltages V", V1H, V usa are 
refered to V 882• 

Using power diode to 
withstand reversed battery. 
Case 1: 
V sst= V ss2 =i= GND with V sst 
>GND 

Using a diode to protect the 
High Side Driver against 
reversed battery. 
(See point 6 above) 
V sst = V ss2 =I= GND with 
VSSt > GND 

SCHEMATIC 

''''' GND 

'''" (jND 

NOTES 

If V ss• and V SS2 are different, 
recalculate V1L, V1H, V uso and 
beware of application bugs. 
(See points 11/12/13/14) 

Voltage losses In power diode. 
Input and status levels are 
not effected. Under-voltage 
shutdown level increased by 
diode VF. 
Off-state open load level, V REF' 
increased by V F' 
A general rule is: level shift is 
(V SS2 - GND). 

The input and status are 
unaffected. Vuso= (V882 -GND) 
+ Vusoo· Off-state open load 
level, V REF' is increased by (V 882 

- GND).Not suitable If the 
J.!Controller uses an analog 
transducer referred to ground. 

)> 
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Ul COMMENT SCHEMATIC NOTES r 
0 

13 I Ground potential I ALL I R1, D2 I Using a diode to protect the v,L and v," shifted by (V = - ~ differences - case 3 High Side Driver against V ssrr R1 limits any negative 6 reversed battery. current when the 11Controller 

~ 
takes 1/0 to ground .On the z 

VSS1 =I~ VSS2" VSS2>VSS1 I Rr I status pin the zero corresponds z 
to the VF of D2, Vuso and V0L s beingincreasedby(V=-GND). m 

±ss• fss' o, 1 I 
''''' ''''' ''''' GND 

I I I I I I I 
~ 14 Ground potential ALL R2,D2 Using a diode to protect the In fault conditions the device 

differences - case 4 11C against reversed battery. pulls the status pin down to V 882 
§l~ and the 11Controller sees a 

len V SS1 =I= V SS2" VSS2 < VSS1 negative voltage - (V ssr - V 88,). 

ii There is a risk of latch up for the 
11ControllerCMOS output. Add 
R2 to limit the current. 
Undervoltage and off-state open 

~0 load levels are not shifted. 
~z 

''''' VSS2 

15 I Summary of the ALL R1, R2, D2, Recommended scheme • common ground for 11Controller 
influence of ground D7. and VN device 
drfferences, pin • Reversed battery protection -
disconnections and I l'~A~1A;L, Schottky diode 
over voltage protection. • Series resistor for input and 

status pins 
• Over-voltage protection - bi-

directional Zener 



SYMPTOM DEVICE COMPONENT 

16 I Load dump: battery ALL D1 
disconnection whilst the 
alternator Is working 

~ 

r i 1171 Vto/oD >Vee I 
ALL I R1 

(Bridge circuit) 

1\) 

~ I~ (J1 Co) 

COMMENT I 

High voltages can be 
generated if the battery Is 
disconnected when the I 
generator Is running in a car. 
Damaging effects can be 
overcome by using a 
clamping diode with at least 
V BR > 26V as 2 X 12V 
batteries are often used to 
jump start cars. This for 
overvoltage transient higher 
than specified In datasheets. 

I 

lin full bridge applications 
during the demagnetization 
phase V LOioD > Vee· 
Acurrentwillflowouto!GND 
pin, possibly damaging the 
bonding. 

SCHEMATIC 

Vee 

'"" '''" 

''''' ''''' 

01 

NOTES 

Proteclion against over-voltages 
are efficient If connected 
between pin 3 (V eel and pin 1 
(ground). 

Insert a resistance, R1 
(suggested value 470), In the 
ground pin to limit the ground 
current and avoid damaging the 
bonding. 

:J> 
'tl 
'tl 
!: 
0 
!j 
6 z 
z 

~ 





APPLICATION NOTE 

PROTECTION STANDARDS 
APPLICABLE TO AUTOMOBILES 

1 • INTRODUCTION : 

A growing number of sensitive electronic units 
can be found in motor vehicles. Unfortunately 
the presence of electrical disturbances threatens 
their reliability. 

Figure 1 : Electronic modules in a car 

A. Bremond 

The objective of this paper is to list all these 
disruptive factors and to suggest appropriate 
protection devices. 

DASHBOARD 

AIR CONDITIONER 
ALARM 

MOBILE 
PHONE 

TRANSMISSION j 
IGNITION .· ·· 

DOOR LOCK 

WINDOW LIFT 
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APPLICATION NOTE 

II • GENERAL INFORMATION : 

11.1 Simplified diagram of an automotive electrical circuit 

11.2 Coexistence of electromechanical engineering and some electronic equipment affected by 
with electronics : these disturbances (instrument computer, 

Fig. 2 shows that the electrical system of a 
motor vehicle contains some electromechanical 
engineering which generates disturbances 
(alternator, ignition system, starter, relays etc ... ) 

Figure 2 : Automotive electrical diagram 

REGULATOR: 

GENERATOR 

injection unit etc ... ). The role of the protection 
devices will be to ensure the smooth coexistence 
of both. 

. . . . . . . . . . 
:IGNITION 

ELECTRONIC MODULES 

-~-8 ---------------------~~l ~i~©~~~~~~~-----------------------
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APPLICATION NOTE 

Ill- ORIGIN AND WAVEFORM 
PARAMETERS : 

111.1 Disconnecting inductive loads : 

Electronic units receive the disturbances through 
the various cables which are connected to them. 
They are defined by the ISO!TC 22 standards 
and described in appropriate technical notes 
issued by the various motor vehicle 
manufacturers. 

Disconnecting an inductive element causes a 
high inverted overvoltage on its terminals. 

Figure 3 : Shape of test pulse 1 (disconnection of Inductive Loads) 

t2 

12V ~ . I 

t 

-100V ref OV 

90% 

T 

t1 

T = 2 milliseconds 

Tr = 1 microsecond 

Ri = 10 ohms* 

t1 = 5 seconds 

t2 = 0.2 second 

t3 < 100 J.LS 
* Internal series resistor of the surge generator. 

3/8 
-------------------------~~~ ~i~©~~~~~©~-------------------------
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APPLICATION NOTE 

111.2 Sudden power cut off in the main circuit : Overvoltages are generated by switching the 
power supplied by electric motors acting as 
generators, e.g. the air conditioning fan. Their 
amplitude is increased by the absence of the 
filtering which would normally be carried out by 
the battery. 

After the battery supply circuit is cut by the 
ignition key, the ignition circuit contines to 
release disturbances until the engine stops 
rotating. 

Figure 4 : Shape of test pulse 2 (Sudden Interruption of Series Current) 

t1 

T 
Tr 

90% 

+100 ref 12V 

12V...,.~ 

t2 

T = 2 milliseconds 

Tr = 1 microsecond 

Ri = 10 ohms 

t1 = 0.5 to 5 seconds 

t2 = 0.2 second 

t 

..::.4'.:..8-----------~..,l ~~~@mgml~~©~------------
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111.3. Switch bounce : 

Power cut-off in the supply network capacitances 

1\PPUCATION NOTE 

and inductances, resulting from switch rebounds. 
generates sets of disturbances. 

Figure SA : Shape of test pulse 3A (switching spikes) 

t2 !3 

12V 

-150V 

T 

!1 

Figure 58 : Shape of test pulse 38 (switching spikes) 

t1 

T 
Tr 

+100V 

12V 

t2 t3 

T = 0.1 microsecond 

Tr = 5 nanoseconds 

Ri =50 ohms 

t1 = 1 00 microseconds 

t2 = 10 milliseconds 

t3 = 90 millisec~nds 

T = 0.1 microsecond 

Tr = 5 nanoseconds 

Ri =50 ohms 

t1 = 1 00 microseconds 

t2 = 1 0 milliseconds 

t3 = 90 milliseconds 

-------------------------~~l ~~~@~g~~~~~~------------------------5_18 
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APPLICATION NOTE 

111.4. Activating the starter : 

When the starter circuit is activated, a voltage 
drop occurs in the supply source. 

Figure 6 : Shape of test pulse 4 (starter motor engagement disturbance) 

v • 

+12V 

-I\ 
6.5V -5V 

I 
D.= 7V 

1 

Tr t1 t2 
I<-- <-----> 

T 

111.5. Load dump : 

This happens when the battery is disconnected 
whilst being charged by the alternator. 

Figure 7 : Shape of test pulse 5 (load dump) 

T 

;-
tf .......... 

T = 130 milliseconds 

Ri = 0.01 ohm 

Tr = 10 milliseconds 

t1 = 1 0 milliseconds 

t2 = 1 00 milliseconds 

Tf = 10 milliseconds 

During this load dump, the voltage on the 
alternator terminals increases rapidly. The length 
of this disturbance depends on the time constant 
of the generator excitation circuit. 

Tr < 1 0 milliseconds 

Ri = 2 ohms 
T = 300 ms 

_Bt_a _____________________ ~~l ~i~~~~~f~~©~-----------------------
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111.6. Power cut off in the ignition coil : 

This disturbance occurs when the ignition 
contact is cut off. 

Figure 8 : Shape of test pulse 6 (ignition coil current interruption) 

t2 

12V ~ 

-300V ref OV 

90% 

T 

t1 

111.7. Alternator magnetic field decay : 

This negative overvoltage appears when the 
magnetic field of the alternator disappears (when 
the engine stops turning). 

Figure 9 :Shape of test pulse 7 (alternator field transient at engine stop) 

12V 
1+-+1 t3 

-80V 

T 

APPLICATION NOTE 

T = 300 microseconds 

Tr = 60 microseconds 

Ri = 30 ohms 

t1 = 15 seconds 

t2 = 1 second 

t3 < 1 00 microseconds 

------------!.,[ ~i~©mg~~~~~~ ____________ 7_18 
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APPLICATION NOTE 

111.8. Regulator failure : 

This type of problem can cause the output 
generated to be permanently too high, perhaps 
greater than 18 V. 

111.9. Starting aid : 

In certain cases, when new motor vehicles have 
been stored over a long period (eg. sea 
deliveries, when starting takes place at low 
temperatures, etc ... ,) using another source of 
energy other than that of the vehicle becomes 
necessary. 

The most common procedure is the use of two 
standard 12 Volt batteries paralleled with that of 
the vehicle. The overvoltage estimate is 24 Volts 
(or -24V in the case of an inverted connection). 

111.10. Miscellaneous: 

Motor vehicles can be subject to other sources 
of disturbances, such as : 

- the connection to a diagnostic unit. 

- electric soldering. 

- paint electrostatic tension. 

- HF rays generated by tranmission equipment. 

IV· ANALYSIS OF THE VARIOUS DISTURBANCES: 

ORIGIN DURATION VOLTAGE ENERGY FREQUENCY 
Disconnection 
of 2 ms - 100 v 2.3 j Frequent 
inductive loads 

Power cut-off 
in 2 ms + 100 v 2.3 j Frequent 
the main circuit 

Switch bounce 0.1s x 10 + 100 v 50j X 10 Frequent 
- 150 v 

Starter 130 ms - - At every start 
enaaaement 

Load dump 300 ms + 80 v 50j rare 

Ignition 300 s -300 v 0.003j Frequent 

Alternator 
magnetic 100 ms - 80 v 0.2 j At every stop 
field decay 

Imperfections 
at Continuous + 18 v - rare 
requlator level 

Starting aid Several minutes 24 v - rare 

V • CONCLUSION 

Table IV shows that we are confronted with 5 
types of disturbances : 

c/ Positive continuous overvoltages 

d/ Negative continuous overvoltages 

el Impulsive voltage drop 
a/ Positive impulsive overvoltages 

b/ Negative impulsive overvoltages 

914 

The goal of protection circuits is to prevent 
destruction due to these disturbances. 



APPLICATION NOTE 

CHOICE OF PROTECTION IN 
AUTOMOTIVE APPLICATIONS(CLASSICAL TOPOLOGY) 

1. INTRODUCTION 

This paper describes a protection schematic 
based on discrete components, together with a 

Figure 1 : General Protection Topology 

+ I~ ...._, 
Rs ... 

D 

Veat 

-

2. GENERAL PROTECTION SCHEMATIC : 

2.a Positive impulsive overvoltages : 

This type of overvoltage is clamped by the 
protection component P at maximum voltage 
VeL. Resistance As limits the dissipated energy 
in the protection component without 
compromising the clamping function. 

2.b Negative impulsive overvoltages : 

There are two ways to limit these : 

- Without diode D : the protection component 
operates as a rectifier diode and clamps the 
voltage at the unit terminals to approximately 
1 v. 
- With diode D : the diode is reverse-biased and 
therefore protects the unit. 

AN554/1292 

A. BREMOND 

general method of choosing the components to 
suppress the surge effects on automotive 
modules. 

lm 

0 
zw I" =•c 
0-' 
a::::l 
i-C oo 
~:;; 
w 

One important thing to take into account is the 
peak reverse voltage limit of D. VRRM = 400V 
seems a good compromise (see curve N" 6 of 
the ISO/TC22 standard). 

2.c Positive continuous overvoltages : 

During this phase, the protection component 
must be in the stand- by phase (very low current 
passing through the component). 

2.d Negative continuous overvoltages : 

This protection is achieved by diode D which is 
reverse -biased. 

2.e Impulsive voltage drop : 

During this phase, the unit is fed by capacitor C 
while diode D prevents C from discharging into 
the battery circuit. 

1/5 
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APPLICATION NOTE 

3. THE CHOICE OF COMPONENTS : 

3.a Diode (D) 

The following parameters will constitute the 
selection criteria : 

- The average current used by the electronic 
module. 

- The maximum repetitive peak reverse voltage 
VRRM 

-The maximum ambient temperature Tamb. 

The following inequality must apply in all cases : 

Tamb + Rth P < T1 max 
where 

Rth = thermal resistance (Junction - ambient) for 
the device and mounting in use. 

3.b Resistance (Rs) 

Its presence allows a "size" (and thus cost) 
reduction of the protection component. 

Its value is a function of the following elements : 

Vbat min : lowest battery voltage which is 
specified in the technical note issued by the 
manufacturer. 

Vee min : minimum voltage needed for the 
electronic unit in operation. 

Icc max : maximum supply current of the 
electronic module. 

The maximum value of Rs will be : 

Rs max = (Vbat min - Vee min)/lee max 

3.c Capacitor (C) 

Its role is to make sure that the voltage at the 
terminals of the electronic unit is greater than or 
equal to Vee min while the starter circuit is 
active. 

Its value depends on : 

Vbat : voltage across the battery before the 
disturbance 

Vee min : see par. 5.b 

T : length of the disturbance (130 ms: see 
application note 4.1, paragraph 111.4) 

The minimum value of C will be : 

Cmin = (130 * 10-3/Req)/ln (Vee minNbat) 

with Req = equivalent resistance of the electronic 
unit 

Req = Vee min/Icc max 

3.d Protection component (P) 

- How it works : 

Figure 2 : Transil Behaviour 

v 

v 

A : Disturbance 

B 

c 

B : Voltage across the protection device 

C : Current through the protection device 

The role of the protection device is to suppress 
the destructive effects of the surge (Fig.2a), the 
most agressive being the load dump impulse. 

To achieve this, the TRANSIL clamps the spike 
at a maximum value VeL (Fig.2b). A surge 
current flows through the suppressor during this 
phase (Fig.2c). 

_21_5 _____________________ ~~l ~~~gm~~~~-----------------------
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4. THE CHOICE OF THE PROTECTION DE
VICE 

4.a Parameters to take into account 

To choose the TRANSIL we have to know the 
surge parameters and the application 
requirements. 

- Surge parameters 

The surge is defined by the peak value lp and 
the duration tp of the current wave flowing 
through the protection device during the 
clamping. 

As shown in the ISO/TC22 standard the most 
energetic impulsive disturbance is the load dump 
surge. Most car manufacturers recommend the 
SCHAFFNER NSG 506 generator to synthesise 
this wave. See fig.3. 

Figure 3 : Equivalent circuit of Schaffner gener-

T 
47mF 

I 

1.5 0 0.5 0 

DEVICE OR 
MODULE TO 
BE TESTED 

This circuit allows us to determine the 
parameters of the current wave seen by the 
TRANSIL. 

The peak current lp is equal to : 

IP = (Vp- VeL) I (RG + Rs) 
Where 

Vp = Peak voltage of the surge (+ 80V) 
VeL = Clamping voltage of the transil 

RG = Series resistance of the generator (2 
Ohms) 

Rs = Series resistance of the module to be 
protected (see chapter 3.b) 

For example with Vp = 80V, VeL = 40 V and 
Rs = 0 Ohm, we have lp = 20A 

APPLICATION NOTE 

Figure 4 : Current pulse duration versus Vp and 
VeL 

tp (ms) 

10 L__ __ _,_ ___ l__ __ _._ __ __j Vp M 
w ro oo oo 100 

The curves of figure 4 give the duration tp of the 
current wave in the TRANSIL during clamping. 
This parameter depends on the peak voltage Vp 
of the surge and on the clamping voltage VeL of 
the protection device. For example with Vp = 
80V and VeL= 40V, tp = 27.5 ms. 

- Application requirements 

Three values are necessary : 

- The maximum operating voltage, which is the 
greatest battery potential. Often the car's 
electrical equipment has to withstand two battery 
voltages (due to starting aids: see ISO/TC22 
standard). These parameters define the 
minimum stand off voltage VRM of the TRANSIL. 

- The minimum destructive voltage, which is the 
voltage value over which the device will be 
destroyed. This limit determines the maximum 
clamping voltage VeL of the protection device. 

- The maximum ambient temperature T amb that 
would decrease the power dissipation capability 
of the TRANSIL. 

----------i_-.'1 SCiS·THOMSON __________ 3_ts 
• l, . II!IIU©Iiil@ffi~l<©1l00@1ii'JU©i!J 

917 

I 



APPLICATION NOTE 

4.b Choice of the protection device 

The choice of component is made with the help 
of the parameters tp, PP in the curve Pp = f(tp) 
from the "PROTECTION DEVICES" data book. 

Figure 5 : Peak pulse power versus exponential 
pulse duration (1.5KE, 1 OV < VsR < 250 V) 

Pp (W) 

105 I'.. 

104 

10 
0.001 

"' 
0.01 

"--r--

0.1 

Tamb = 25oC 

r-

-~ 

' tp (ms) expo 

10 100 

If the operating point defined by tp and Pp = VeL 
* lp is on or below the curve, the TRANSIL can 
operate in the application at 25'C of ambient 
temperature. 

4.c The ambient temperature effect : 

Component characteristics are given at an 
ambient temperature of 25'C (die temperature 
before clamping action). The following chart 
shows the effect of junction temperature on the 
power suppression capability. 

Figure 6 : Allowable power dissipation versus 
junction temperature 

Pp (TJ) I Pp (TJ - 25'C) -
100% 

50% 

0% 
0 

(1 11n1111~1 (1'c/ 
50 100 150 200 

This curve gives the derating to be applied to 
the peak power capability of the protection 
device according to junction temperature. 

The second temperature effect is the shift of 
VsR. 

VaR (at T) = VaR (at 25'C) * (1 + ar (T-25)) 

Where ar is the temperature coefficient of VsR. 

4.d Calculation of clamping voltage VeL 

The clamping voltage VeL can be estimated as 
follows: 

VeL= VaR max + (Rd IP) 

Where Rd is the dynamic resistance of the 
TRANSIL 

Table 1 - Typical Rd for wave of tp = 30 ms at 
25'C 

BZW04 P6KE 1.5KE BZW50 LDP24A 
P23 30P 30P -22 

Rd typ 1.2 0.75 0.35 0.15 0.12 
(Q) 

5- EXAMPLE: 

A I Disturbances 

The load dump is the most agressive 

B I Battery voltage 

The electronic unit will have to function with a 
battery voltage of 11 V. 

C I Ambient temperature 

Tamb = 85'C 

Dl Electrical characteristics 
of the module 

Table 2 - Module characteristics 

PARAMETERS Vee 

DESCRIPTION Supply voltage 

MIN 8 

TYP 12 

MAX 32 

UNIT Volts 

Icc 

Supply current 

-
400 

600 

mA 

_41_5----------------------~~~ ~~~©~2~~~~©~------------------------
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E I Analysis 

E/1 Calculation of Rs max 

Rs max= (Vbat- Vee min)llee min 
Rs max = (11-8)/0.6 = 5 Ohms 

E/2 Diagram 

Figure 7 : Application Diagram 

MODULE 

E/3 Peak current 

lpp = (VG-VcL)/(RG+Rs) = (80-32)/7=6.9A 

E/4 Peak power 

PP =VeL* lpp = 32 * 6.9 = 221 W 

APPLICATION NOTE 

E/5 Conduction time 

tp = 30 ms 

E/6 Choice of the TRANSIL 

Table 3 - Transil characteristics 

TYPE POWER CAPABILITY (tp = 30 ms) 

at25'C at85'C 

BZW04 sow 45W 
P6KE sow 64W 

1.5KE 200W 160W 

BZW50 700W 525W 

LDP24A 1980 w 1800W 

E/7 Conclusion 

Diode BZW50-22 is an efficient protection device 
within the 85"C temperature range, and the VeL 
max is given as follows : 

VaR (85"C) = VaR (25"C) x (1 * UT{85-25)) 

= 29.8 * (1 + 9.6 * 10-4 * 60) 

= 31.5V 

VeL (85 "C) = VaR {85 "C) + Rd lp 

= 31.5 + (0.15 * 6.9) 

= 32.5 v 

------------i.'Yl ~~©IH~~~~~©~ ____________ s_ts 
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1. INTRODUCTION 

The harsh electrical environment in automobiles 
poses problems for the electronic modules 
present. Even in .normal operation, large positive 
and negative overvoltages due to switch bounce, 
ignition coil switching and other phenomena are 
a potential cause of destruction. An additional 
hazard is the possibility of supply reversal, 
perhaps caused by faulty wiring. Another danger 
is the "load dump" effect, caused by battery 
disconnection while the engine is running. This 
causes the energy stored in the alternator coils 
to manifest itself as an 80 V transient lasting 
around 300 ms : lethal to semiconductor circuits. 
See application note 4.1 : "Protection standards 
in automotive applications" for more details. 

Figure 1 : Classical protection circuit 

2. CLASSICAL DISTRIBUTED PROTECTION 

The circuit shown in fig.1 protects the module 
against battery reverse as well as impulsive and 
continuous overvoltages, both positive and 
negative. In addition, overvoltages generated by 
the module are prevented from reaching the car 
supply network. Rs, in cases where it can be 
used, limits the power dissipated in the 
protection device P. Note that diode D is used in 

AN555/1292 
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APPLICATION NOTE 

AUTOMOTIVE PROTECTION 
WITH THE RBOxx SERIES 

C. Cytera 

Protection is therefore required, which can be 
centralized or distributed. Centralized protection 
attempts to suppress disturbances at their 
source, for example crowbar devices at the 
alternator to counter the load dump effect. 
Distributed protection aims to dissipate 
disturbances at their destination. Components 
performing this function are present in the 
electronic modules themselves and are thus 
relatively numerous. The RBOxx (Reversed 
Battery and Overvoltage) series of protection 
devices from SGS-THOMSON has been 
designed to reduce this distributed protection 
component count. 

ELECTRONIC 
MODULE 

reverse-bias to block negative overvoltages, so 
its peak reverse voltage limit (VRRM) must be 
taken into account. 

Motor driver protection is complicated by the 
presence of transistor circuits which control the 
direction and magnitude of current flow through 
the motor. A bidirectional clamping device needs 
to be added in order to ensure protection of both 
halves of this circuit. See fig.2. 

1/3 
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APPLICATION NOTE 

Figure 2 : Motor driver protection with discrete components 

FILTER ~ 
~----~.-----~ 

I 

- -----------------
D1 1 

I 

T1 

I 

1---------------
PROTECTION 

I 
T2o 

~----------------------, 
I I 
I I 
I I 

MOTOR 
CONTROL 

COMPOMENTS L-----i---------_j 

The NPN transistors supplied via 01 are 
protected in the classical fashion already 
described. The PNP devices are connected 
directly to the car supply network and are 
protected as follows : 

- Positive surges : overvoltage is clamped by T2 
with 01 forward- biased. 

- Negative surges : These are clamped by T1 
with T2 forward - biased. 

Three components are thus required per motor 
driver, representing significant component and 
area cost. 

3. DISTRIBUTED PROTECTION WITH THE 
RBOxx FAMILY 

The RBOxx devices integrate all the protection 
functions required by car electronic modules : 
see fig.3. 

Figure 3 : Schematic diagram of an RBO device 

01 

T1 T2 

Diode 01 protects against a reversed battery, 
while the "Transil" clamping device T2 
suppresses positive surges. Negative surges are 
blocked up to the breakdown voltage of the 
bidirectional clamp T1. Larger negative surges 
are suppressed by T1 in avalanche breakdown 
in series with T2 forward-biased. Fig.4 shows the 
basic application of the RBOxx. 
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Figure 4 : RBO basic application 

~ 
0: 

~ 
z 
~ 

+ 12 v 
~------------------------------------' 

a. T1 a. 

~ ~ 
~~~~----------~ 

Note that as the voltage across 01 is clamped 
by T1 , the VRRM of the diode is no longer a 
concern. The clamping voltage is the same as 
that of T2, given by the yy digits in the P':l-rl 
number of the form RBOxx-yy. The xx digits 
indicate the average forward current between 
pins 1 and 3. 

APPLICATION NOTE 

Two devices are available at the time of writing : 
the RB008-40 and the RB040-40. The latter 
device is specifically designed to protect against 
"load dump" surges due to the greater power 
capability of T2, while the RB008-40 is adequate 
for suppressing the other overvoltages present. 

The presence of T1 makes possible an elegant 
solution to the motor driver protection. The 
RBOxx replaces the three protection 
components shown in fig.2 and protects the 
motor driver circuit in the same way. 

4. CONCLUSION 

A car power supply network is often 
contaminated with voltage surges potentially 
damaging to the semiconductor circuits present. 
The SGS-THOMSON family of RBOxx protection 
devices enables full protection from these surges 
with the minimum component count. 

3/3 ------------J....,L ~i~©IH~l;1~~~~~ ------------
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DIM. 
mm 

MIN. TYP. MAX. 

A 3.3 

a1 0.7 

B 1.39 1.65 

81 0.91 1.04 

b 0.5 

b1 0.38 0.5 

D 9.8 

E 8.8 

e 2.54 

e3 7.62 

e4 7.62 

F 7.1 

I 4.8 

L 3.3 

z 0.44 1.6 

z 

I. 
8 

Inch 

MIN. TYP. 

0.130 

0.028 
\ 

0.055 

0.036 

0.020 

O.Q15 

0.346 

0.100 

0.300 

0.300 

0.130 

0.017 

e3 

D 

5 

4 

MAX. 

0.065 

0.041 

0.020 

0.386 

0.280 

0.189 

0.063 

z 

., 

] 

r==' SGS·1HOMSON Ji..! l ~D©lffi@~lb~©'iJ'lffi@[K!]O©® 

I· 

OUTLINE AND 
MECHANICAL DATA 

Minidip (0.4) 

E 

·I 

P001F 
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mm 
DIM. 

MIN. TYP. 

a1 0.51 

B 0.77 

b 0.5 

b1 0.25 

D 

E 8.5 

e 2.54 

e3 17.78 

F 

I 

L 3.3 

z 

z 

928 

MAX. MIN. 

0.020 

1.65 0.030 

20 

7.1 

5.1 

1.27 

e3 

D 

inch 

TYP. MAX. 

0.065 

0.020 

0.010 

0.787 

0.335 

0.100 

0.700 

0.280 

0.201 

0.130 

0.050 

-------

OUTLINE AND 
MECHANICAL DATA 

DIP16 (0.25) 

E 

P001C 



mm 
DIM. 

MIN. TYP. 

a1 0.51 

B 0.85 

b 0.5 

b1 0.38 

D 

E 8.8 

e 2.54 

e3 17.78 

F 

I 

L 3.3 

z 

z 

inch 

MAX. MIN. TYP. 

0.020 

1.4 0.033 

0.020 

0.5 0.015 

20 

0.346 

0.100 

0.700 

7.1 

5.1 

0.130 

1.27 

D 

MAX. 

0.055 

0.020 

0.787 

0.280 

0.201 

0.050 

OUTLINE AND 
MECHANICAL DATA 

POWERDIP: (8+8), (12+2+2) 

E 

P001V 
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mm 
DIM. 

MIN. TYP. MAX. 

a1 0.254 

B 1.39 1.65 

b 0.45 

b1 0.25 

D 25.4 

E 8.5 

e 2.54 

e3 22.86 

F 7.1 

I 3.93 

L 3.3 

z 1.34 

z 

930 

Inch 

MIN. TYP. MAX. 

0.010 

0.055 0.065 

0,018 

0.010 

1.000 

0.335 

0.100 

0.900 

0.280 

0.155 

0.130 

0.053 

e3 

r== SGS·THOMSON 
~ l l ~O©OO@~[b~©'ii'OO@[N!]O©® 

z 

OUTLINE AND 
MECHANICAL DATA 

DIP20 (0.25) 

..... 

I· E 

bt 

·I 

P001J 



mm 
DIM. 

MIN. TYP. MAX. 

a1 0.63 

b 0.45 

b1 0.23 0.31 

b2 1.27 

D 35.06 36.22 

E 16.3 

e 2.54 

e3 33.02 

F 14.1 

I 4.445 

L 3.30 

inch 

MIN. TYP. 

0.025 

0.018 

0.009 

0.050 

1.400 

0.100 

1.300 

0.175 

0.130 

e3 

MAX. 

0.012 

1.425 

0.641 

0.555 

OUTLINE AND 
MECHANICAL DATA 

Plastic DIP28 

E 

I 

931 



DIM. 
mm 

MIN. TVP. 

A 

a1 0.1 

a2 

a3 0.65 

b 0.35 

b1 0.19 

c 0.25 

c1 

D 4.8 

E 5.8 

e 1.27 

e3 3.81 

F 3.8 

L 0.4 

M 

s 

8 

932 

MAX. MIN. 

1.75 

0.25 0.003 

1.65 

0.85 0.025 

0.48 0.013 

0.25 0.007 

0.5 0.010 

45° (typ.) 

5.0 0.188 

6.2 0.228 

4.0 0.14 

1.27 0.015 

0.6 

8° (max.) 

Inch 

TVP. 

0.050 

0.150 

5 

MAX. 

0.068 

0.009 

0.064 

0.033 

O.Q18 

0.010 

0.019 

0.196 

0.244 

0.157 

0.050 

0.023 

u.. 

OUTLINE AND 
MECHANICAL DATA 

SOB 

P013M 



DIM. 
mm 

MIN. TYP. 

A 

a1 0.1 

a2 

b 0.35 

b1 0.19 

c 0.5 

c1 

D 9.8 

E 5.8 

e 1.27 

e3 8.89 

F 3.8 

G 4.6 

L 0.5 

M 

s 

b 

16 

MAX. MIN. 

1.75 

0.2 0.004 

1.65 

0.46 0.013 

0.25 0.007 

45° (typ.) 

10 0.385 

6.2 0.228 

4.0 0.149 

5.3 0.181 

1.27 0.019 

0.62 

8° (max.) 

e3 

D 

inch 

TYP. MAX. 

0.068 

0.007 

0.064 

O.D18 

0.010 

0.019 

0.393 

0.244 

0.050 

0.350 

0.157 

0.208 

0.050 

0.024 

8 

M 

u. 

OUTLINE AND 
MECHANICAL DATA 

S016 

I 
P013H 

933 



DIM. 
mm 

MIN. TYP. 

A 

a1 0.10 

a2 

b 0.35 

b1 0.23 

c 0.50 

c1 

D 12.60 

E 10.00 

e 1.27 

e3 11.43 

F 7.40 

L 0.50 

M 

s 

934 

MAX. MIN. 

2.65 

0.20 0.004 

2.45 

0.49 0.013 

0.32 0.009 

45° (typ.) 

13.00 0.496 

10.65 0.393 

7.60 0.291 

1.27 0.020 

0.75 

8° (max.) 

D 

inch 

TYP. MAX. 

0.104 

0.007 

0.096 

0.019 

O.D12 

0.020 

0.512 

0.419 

0.050 

0.450 

0.299 

0.050 

0.030 

u.. 

OUTLINE AND 
MECHANICAL DATA 

S020L (12+4+4) 

P013L 



mm 
DIM. 

MIN. TYP. 

A 

a1 0.10 

a2 

b 0.35 

b1 0.23 

c 0.50 

c1 

D 15.20 

E 10.00 

e 1.27 

e3 13.97 

F 7.40 

L 0.50 

s 

24 

MAX. MIN. 

2.65 

0.20 0.004 

2.45 

0.49 0.013 

0.32 0.009 

45° (typ.) 

15.60 0.598 

10.65 0.393 

7.60 0.291 

1.27 0.19 

so (max.) 

inch 

TYP. MAX. 

0.104 

0.007 

0.096 

0.019 

0.012 

0.020 

0.614 

0.420 

0.05 

0.55 

0.299 

0.050 

13 

12 

u... 

OUTLINE AND 
MECHANICAL DATA 

5024 (16+4+4) 

I 

935 



mm 
DIM. 

MIN. TYP. 

A 

a1 0.10 

b 0.35 

b1 0.23 

c 0.50 

c1 

D 17.70 

E 10.00 

e 1.27 

e3 16.51 

F 7.40 

L 0.40 

s 

936 

MAX. MIN. 

2.65 

0.30 0.004 

0.49 0.013 

0.32 0.009 

45° (typ.) 

18.10 0.696 

10.65 0.393 

7.60 0.291 

1.27 0.015 

8° (max.) 

inch 

TYP. 

0.020 

0.05 

0.65 

MAX. 

0.104 

0.011 

0.019 

0.013 

0.712 

0.420 

0.299 

0.050 

OUTLINE AND 
MECHANICAL DATA 

5028 

P013N 



mm 
DIM. 

MIN. TYP. MAX. 

A 17.4 17.65 

B 16.51 16.65 

c 3.65 3.7 

D 4.2 4.57 

d1 2.59 2.74 

d2 0.68 

E 14.99 16.0 

e 1.27 

e3 12.7 

F 0.46 

F1 0.71 

G 0.101 

M 1.16 

M1 1.14 

DOD Ill . 

inch 

MIN. TYP. 

0.685 

0.650 

0.144 

0.165 

0.102 

0.027 

0.590 

0.050 

0.500 

0.018 

0.028 

0.046 

0.045 

MAX. 

0.695 

0.656 

0.146 

0.180 

0.108 

0.630 

0.004 

OUTLINE AND 
MECHANICAL DATA 

PLCC44 

c 

d1 

[Q] G (Seating Plane Coplanarity) D 

I 
P027B 

937 



DIM. mm 
MIN. TYP. 

A 5.35 
B 3.4 
c 0.8 
D 2.95 
01 1.95 
E 0.5 
F 1.1 

F1 0.7 
F2 1.4 
G 4.88 

G1 7.42 
G2 9.96 
H 15.9 
L1 19.85 
L2 19.35 
L3 8.9 
L4 28 
L5 4.9 
L6 15.9 
L7 2.1 
L8 23 
L9 24.8 

L10 19.8 
L11 17.7 
M 7.83 
N 2.75 
0 3.5 

938 

MAX. 
5.65 
3.7 
1.28 
3.1 

2.15 
0.6 

0.8 

5.28 
7.82 

10.36 
16.1 

20.15 
19.65 

9.1 
29 
5.1 
16.1 
2.3 

23.4 
25.2 
20.2 
18.3 
8.33 
3.25 
3.7 

inch 
MIN. TVP. 
0.210 
0.133 
0.031 
0.116 
0.076 
0.019 

0.043 
0.027 

0.055 
0.192 
0.292 
0.392 
0.626 
0.781 
0.761 
0.350 
1.102 
0.193 
0.626 
0.082 
0.905 
0.976 
0.779 
0.697 
0.308 
0.108 
0.138 

MAX. 
0.222 
0.145 
0.050 
0.122 
0.084 
0.023 

0.031 

0.207 
0.308 
0.408 
0.634 
0.793 
0.773 
0.358 
1.141 
0.201 
0.634 
0.090 
0.921 
0.992 
0.795 
0.720 
0.328 
0.128 
0.145 

L2 

L1 

OUTLINE AND 
MECHANICAL DATA 

ISOWATT7 

z[~-8··········:~~~~~~~·· 
L5 ! L6 I L7 

La 

L4 
P033B 



mm 
DIM. 

MIN. TYP. MAX. MIN. 

A 4.4 4.6 0.173 

B 2.5 2.7 0.098 

D 2.5 2.75 0.098 

E 0.4 0.7 0.015 

F 0.75 1 0.030 

F1 1.15 1.7 0.045 

F2 1.15 1.7 0.045 

G 4.95 5.2 0.195 

G1 2.4 2.7 0.094. 

H 10 10.4 0.393 

L2 16 

L3 28.6 30.6 1.126 

L6 15.9 16.4 0.626 

L7 9 9.3 0.354 

0 3 3.2 0.118 

<] 
m! I : I ! 

1: 

~ 

·~ ~·--

I. 

inch 

TYP. MAX. 

0.181 

0.106 

0.108 

0.027 

0.039 

0.067 

0.067 

0.204 

0.106 

0.409 

0.630 

1.204 

0.645 

3.66 

0.126 

( Lll 
L3 

L6 

I· L7 :j 
U:J 

l 

M- ----------------

I I 

L2 .I. 

OUTLINE AND 
MECHANICAL DATA 

ISOWATI220 

I* 
u..l 

t 

I 

"" I u.. 

I 
P011G 

939 



DIM. 

A 

c 
D 

E 

F 

F1 

G 

G1 

H2 

L2 

L4 

L5 

L6 

L7 

L9 

M 

MIN. 

4.4 

1.23 

2.4 

0.41 

0.61 

1.14 

4.95 

2.4 

' 10 

12.7 

2.65 

15.2 

6.2 

3.5 

3.75 

N 
:::c 

mm 

TYP. MAX. MIN. 

4.6 0.173 

1.32 0.048 

2.72 0.094 

0.64 0.016 

0.94 0.024 

1.7 0.044 

5.15 0.194 

2.7 0.094 

10.4 0.393 

17.6 

13.7 0.500 

2.95 0.104 

15.9 0.598 

6.6 0.244 

5.5 0.137 

3.85 0.147 

L7 

Phasing out during 1993 (see next page) 

940 

inch 

TYP. MAX. 

0.181 

0.051 

0.107 

0.025 

0.037 

0.067 

0.203 

0.106 

0.409 

0.692 

0.539 

0.116 

0.626 

0260 

0.216 

0.151 

LG 

L2 

OUTLINE AND 
MECHANICAL DATA 

T0-220 (DSG) 

L4 

1 2 3 

P011C 



DIM. 
mm 

MIN. TYP. MAX. 

A 4.40 4.60 

c 1.23 1.32 

D 2.40 2.72 

D1 1.27 

E 0.49 0.70 

F 0.61 0.88 

F1 1.14 1.70 

F2 1.14 1.70 

G 4.95 5.15 

G1 2.4 2.7 

H2 10.0 10.40 

L2 16.4 

L4 13.0 14.0 

L5 2.65 2.95 

L6 15.2 15.9 

L7 6.2 6.6 

L9 3.5 4.2 

DIA. 3.75 3.85 

Introduced starting 04 1992 

inch 

MIN. TYP. MAX. 

0.173 0.181 

0.048 0.051 

0.094 0.107 

0.050 

0.019 0.027 

0.024 0.034 

0.044 0.067 

0.044 0.067 

0.194 0.203 

0.094 0.106 

0.393 0.409 

0.645 

0.511 0.551 

0.104 0.116 

0.598 0.625 

0.244 0.260 

0.137 0.165 

0.147 0.151 

L2 

~ 

·--~ ~··· ·············C 
Dia. 

./"\. ........ 

~ 
L7 

L6 

OUTLINE AND 
MECHANICAL DATA 

T0-220 (DSG new Version) 

U:i 
! 

t ~~ 
=:t 

"" u.. 
L9 

L4 

941 



DIM. 
mm 

MIN. TYP. 

A 

c 
D 2.4 

01 1.2 

E 0.35 

F 0.8 

F2 1.15 

G 4.95 5.08 

H2 

H3 10.05 

L2 16.2 

L3 26.3 26.7 

L5 2.6 

L6 15.1 

L7 6 

Dia 3.65 

.., 
::1: 

942 

inch 

MAX. MIN. TYP. MAX. 

4.8 0.189 

1.37 0.054 

2.8 0.094 0.110 

1.35 0.047 0.053 

0.55 0.014 0.022 

1.05 0.031 0.041 

1.4 0.045 0.055 

5.21 0.195 0.200 0.205 

10.4 0.409 

10.4 0.396 0.409 

0.638 

27.1 1.035 1.051 1.067 

3 0.102 0.118 

15.8 0.594 0.622 

6.6 0.236 0.260 

3.85 0.144 0.152 

L6 
L7 J 

J. 

·~-
"\.._/ 

·-----------------0 

../\. ....__, 

tLS 
L2 

N 
::1: 

....__....,__ 

T 

L3 

OUTLINE AND 
MECHANICAL DATA 

T0220 

N 
LL 

t 
--

P011D 



DIM. 
mm 

MIN. TYP. MAX. 

A 4.8 

c 1.37 

D 2.4 2.8 

D1 1.2 1.35 

E 0.35 0.55 

F 0.8 1.05 

F1 1 1.4 

G 3.4 

G1 6.8 

H2 10.4 

H3 10.05 10.4 

L 14.2 

L 1 6 

L2 14.8 

L3 4.0 

L5 2.6 3 

L6 15.1 15.8 

L7 6 6.6 

Dia 3.65 3.85 

L3 

inch 

MIN. TYP. MAX. 

0.189 

0.054 

0.094 0.110 

0.047 0.053 

0.014 0.022 

0.031 0.041 

0.039 0.055 

0.134 

0.268 

0.409 

0.396 0.409 

0.559 

0.236 

0.583 

0.157 

0.102 0.118 

0.594 0.622 

0.236 0.260 

0.144 0.152 

L 

L2 

OUTLINE AND 
MECHANICAL DATA 

Pentawatt H 

,...- - - -

L~ 
. G. - G1 
' 
H2 

:::::i 

I 
P010F 

943 



DIM. 
mm 

MIN. TYP. 

A 

c 
D 2.4 

01 1.2 

E 0.35 

F 0.8 

F1 1 

G 3.4 

G1 6.8 

H2 

H3 10.05 

L 17.85 

L 1 15.75 

L2 21.4 

L3 22.5 

L5 2.6 

L6 15.1 

L7 6 

M 4.5 

M1 4 

Dia 3.65 

944 

inch 

MAX. MIN. TYP. 

4.8 

1.37 ' 
2.8 0.094 

1.35 0.047 

0.55 0.014 

1.05 0.031 

1.4 0.039 

0.134 

0.268 

10.4 

10.4 0.396 

0.703 

0.620 

0.843 

0.886 

3 0.102 

15.8 0.594 

6.6 0.236 

0.177 

0.157 

3.85 0.144 

( 
ot I 

I 
LS 

I 

MAX. 

0.189 

0.054 

0.110 

0.053 

0.022 

0.041 

0.055 

0.409 

0.409 

0.118 

0.622 

0.260 

0.152 

L 

OUTLINE AND 
MECHANICAL DATA 

Pentawatt V 

I UJ! 

L1 I r • 
:liE 

1\ I~ :;; 

iSf L2 

L3 

+ 

··· ·· ·~····· ·········· 0·\t=:::)+r-_.:: .. : ~: ············· ojo 
~· r----- ·._._.: -'- I 

L7 u: I ~I 
.._j 

L6 
P010E 



DIM. 
mm 

MIN. TYP. MAX. 

A 4.8 

c 1.37 

D 2.4 2.8 

01 1.2 1.35 

E 0.35 0.55 

F 0.6 0.8 

F1 0.9 

G 2.54 

G1 5.08 

G2 7.62 

H2 10.4 

H3 10.05 10.4 

L 14.2 

L 1 4.4 

L2 15.8 

L3 5.1 

L5 2.6 3 

L6 15.1 15.8 

L7 6 6.6 

L9 4.44 

Dia 3.65 3.85 

L3 

inch 

MIN. TYP. MAX. 

0.189 

0.054 

0.094 0.110 

0.047 0.053 

0.014 0.022 

0.024 0.031 

0.035 

0.100 

0.200 

0.300 

0.409 

0.396 0.409 

0.559 

0.173 

0.622 

0.201 

0.102 0.118 

0.594 0.622 

0.236 0.260 

0.175 

0.144 0.152 

L2 

J· 
L7~ 

L5 

I 

! 

~-~ 
I 

L6 .I 

<C 

OUTLINE AND 
MECHANICAL DATA 

Heptawatt H 

I 

G1 

G2 

I 
P023B 

945 



DIM. 
mm 

MIN. TYP. MAX. MIN. 

A 4.8 

c 1.37 

D 2.4 2.8 0.094 

D1 1.2 1.35 0.047 

E 0.35 0.55 0.014 

F 0.6 0.8 0.024 

F1 0.9 

G 2.54 

G1 5.08 

G2 7.62 

H2 10.4 

H3 10.05 10.4 0.396 

L 16.97 

L1 14.92 

L2 21.54 

L3 22.62 

L5 2.6 3 0.102 

L6 15.1 15.8 0.594 

L7 6 6.6 0.236 

M 2.8 

M1 5.08 

Dia 3.65 3.85 0.144 

u) 

I 
LS 

·r 

!( 1\ 
"-~ 

L7 

946 

inch 

TYP. MAX. 

0.189 

0.054 

0.110 

0.053 

0.022 

0.031 

0.035 

0.100 

0.200 

0.300 

0.409 

0.409 

0.668 

0.587 

0.848 

0.891 

0.118 

0.622 

0.260 

0.110 

0.200 

0.152 

L 

L1 

(1\J 
Ei) 

L2 

L3 

"'V 

" v 

~ 

L6 

OUTLINE AND 
MECHANICAL DATA 

Heptawatt V 

l WJ 

if • 
::E ~ 

cl ::;;: 

+ 

~~ 
' 

u::l LLr 
"' ~ 

P023A 



DIM. 
mm 

MIN. TVP. 

A 

B 

c 
E 0.49 

F 0.78 

G 2.40 2.54 

G1 17.64 17.78 

H1 19.6 

H2 

L 20.35 

L1 15.7 

L2 17.05 17.20 

L3 17.25 17.5 

L4 10.3 10.7 

L7 2.65 

s 1.9 

S1 1.9 

u 0.40 

z 0.70 

Dia1 3.65 

MAX. MIN. 

5 

2.65 

1.6 

0.55 0.019 

0.85 0.030 

2.68 0.094 

17.92 0.69 

0.772 

20.2 

20.65 0.80 

17.35 0.67 

17.75 0.679 

10.9 0.406 

2.9 0.104 

2.6 0.075 

2.6 0.075 

0.55 0.015 

0.85 0.028 

3.85 0.144 

inch 

TVP. 

0.10 

0.70 

0.62 

0.68 

0.689 

0.421 

---------- -- ~------------

MAX. 

0.197 

0.104 

0.063 

0.022 

0.033 

0.105 

0.71 

0.795 

0.81 

0.68 

0.699 

0.429 

0.114 

0.102 

0.102 

0.022 

0.034 

0.152 

OUTLINE AND 
MECHANICAL DATA 

Multiwatt8 (Pin. 5 Gnd) (*) 

(') Advanced 1nformat1on on a new package now 1n development or undergoing evaluation. Details are subject to change w1thout not1ce. 

H1 A 

i ~ 
foo ' 

~l / Lt>\ " 14-
~ .., 

....I 

::::::i ?o oS -=!' 
N 

....I 
....I 

l 
--trt.r- +r- H2 

-
u 

....I 

£-. L r-! .L 1- G 1+-
G1 E 

P017L 

947 

I 



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

DIM. 
mm 

MIN. TYP. MAX. 

A 5 

B 2.65 

c 1.6 

D 1 

E 0.49 0.55 

F 0.88 0.95 

G 1.57 1.7 1.83 

G1 16.87 17 17.13 

H1 19.6 

H2 20.2 

L 21.5 22.3 

L 1 21.4 22.2 

L2 17.4 18.1 

L3 17.25 17.5 17.75 

L4 10.3 10.7 10.9 

L7 2.65 2.9 

M 4.1 4.3 4.5 

M1 4.88 5.08 5.3 

s 1.9 2.6 

81 1.9 2.6 

Dia1 3.65 3.85 

A 
c 

i-
000 

000 

r-- i-

r-

I-
c! 

---dt t 
::--

B 
L I+ 

M1 M 

948 

inch 

MIN. TYP. 

0.039 

0.019 

0.035 

0.062 0.067 

0.664 0.669 

0.772 

0.846 

0.843 

0.685 

0.679 0.689 

0.406 0.421 

0.104 

0.161 0.169 

0.192 0.200 

0.075 

0.075 

0.144 

N 
....1 

L 

MAX. 

0.197 

0.104 

0.063 

0.022 

0.037 

0.072 

0.674 

0.795 

0.878 

0.874 

0.713 

0.699 

0.429 

0.114 

0.177 

0.209 

0.102 

0.102 

0.152 

L7 

/ 

OUTLINE AND 
MECHANICAL DATA 

Multiwatt11 V 

H1 

5 
I • rtx "'\ 

~v 
i--+51 

l)o o( L4 

L1 

H2 

F G -- i" 
G1 

L3 

P017A 



DIM. 
mm 

MIN. TYP. MAX. MIN. 

A 5 

B 2.65 

c 1.6 

E 0.49 0.55 0.019 

F 0.66 0.75 0.026 

G 1.14 1.27 1.4 0.045 

G1 17.57 17.78 17.91 0.692 

H1 19.6 0.772 

H2 20.2 

L 20.57 

L1 18.03 

L2 2.54 

L3 17.25 17.5 17.75 0.679 

L4 10.3 10.7 10.9 0.406 

L5 5.28 

L6 2.38 

L7 2.65 2.9 0.104 

s 1.9 2.6 0.075 

81 1.9 2.6 0.075 

Dia1 3.65 3.85 0.144 

A 

....1 

CJ LS 

inch 

TYP. MAX. 

0.197 

0.104 

0.063 

0.022 

0.030 

0.050 0.055 

0.700 0.705 

0.795 

0.810 

0.710 

0.100 

0.689 0.699 

0.421 0.429 

0.208 

0.094 

0.114 

0.102 

0.102 

0.152 

/ 
Dia.1 

::i )o 

H u • i--
N 
....1 
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DIM. 
mm 

MIN. TYP. MAX. 
A 5 

8 2.65 

c 1.6 

D 1 

E 0.49 0.55 

F 0.66 0.75 

G 1.14 1.27 1.4 

G1 17.57 17.78 17.91 

H1 19.6 

H2 20.2 

L 22.1 22.6 

L 1 22 22.5 

L2 17.65 18.1 

L3 17.25 17.5 17.75 

L4 10.3 10.7 10.9 

L7 2.65 2.9 

M 4.2 4.3 4.6 

M1 4.5 5.08 5.3 

s 1.9 2.6 

81 1.9 2.6 

Dia1 3.65 3.85 

A 

950 

inch 

MIN. TYP. MAX. 
0.197 

0.104 

0.063 

0.039 

0.019 0.022 

0.026 0.030 

0.045 0.050 0.055 

0.692 0.700 0.705 

0.772 

0.795 

0.870 0.890 

0.866 0.886 

0.695 0.713 

0.679 0.689 0.699 

0.406 0.421 0.429 

0.104 0.114 

0.165 0.169 0.181 

0.177 0.200 0.209 

0.075 0.102 

0.075 0.102 

0.144 0.152 

L7 

/ 
Dia 1 

....... )o 
::::::i 

f4 
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mm 
DIM. 

MIN. TYP. 

A 

B 

c 0.15 

D 1.50 

E 0.52 

F 0.80 

G 1.70 

G1 17.00 

H1 12.00 

H3 20.00 

L 17.90 

L1 14.40 

L2 11.00 

M 2.54 

Inch 

MAX. MIN. TYP. 

3.10 

1.10 

0.006 

0.059 

0.02 

0.03 

0.066 

0.66 

0.48 

0.79 

0.70 

0.57 

0.43 

0.1 

MAX. 

0.122 

0.04 

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

OUTLINE AND 
MECHANICAL DATA 

Clipwatt11 (*) 

(")Advanced information on a new package now in development or undergoing evaluation. Details are subject to change without notice. 
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DIM. 
MIN. 

A 

a1 2.7 

B 

b1 

b3 0.85 

c 
c1 

c2 

D 

d1 

e 

e3 

L 3.1 

L 1 

L2 

L3 

M 

N 

...... 

952 

mm 

TYP. MAX. MIN. 

7.1 

3 0.106 

24.8 

0.5 

1.6 0.033 

3.3 

0.43 

1.32 

23.7 

14.5 

2.54 

22.86 

0.122 

3 

17.6 

0.25 

3.2 

1 

inch 

TYP. 

0.020 

0.130 

0.017 

0.052 

0.571 

0.100 

0.900 

0.118 

0.693 

0.126 

0.039 

l 
i 

MAX. 

0.280 

0.118 

0.976 

0.063 

0.933 

0.010 

D 

N 
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DIM. 

A 

B 

b 

b1 

c 

c1 

D 

e 

e3 

F 

H 

mm 

MIN. TYP. MAX. 

7.4 7.8 

10.5 10.8 

0.7 0.9 

0.49 0.75 

2.4 2.7 

1.2 

15.7 

2.2 

4.4 

3.8 

2.54 

Inch 

MIN. TYP. 

0.291 

0.413 

0.028 

0.019 

0.094 

0.047 

0.618 

0.087 

0.173 

0.150 

0.100 

~X. 

0.307 

0.425 

0.035 

0.030 

0.106 

'·, OUTLINE AND 
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mm 
DIM. 

MIN. TYP. MAX. 

A 4.7 4.9 

c 1.9 2.1 

D 2.5 

E 0.5 0.78 

F 1.1 1.3 

G 10.8 11.1 

H 14.7 15.2 

L2 - 16.2 

L3 18 

L5 3.95 4.15 

L6 31 

R - 12.2 

0 4 4.1 

c(I 

uF1 

L5 

/ 

:I: --~ 

' 

954 

MIN. 

0.185 

0.075 

0.019 

0.043 

0.425 

0.578 

-

0.155 

-

0.157 

~---
0 

~ 

inch 

TYP. MAX. 

0.193 

0.082 

0.098 

0.030 

0.051 

0.437 

0.598 

0.637 

0.708 

0.163 

1.220 

0.480 

0.161 

{ 0 

L3 
L2 

"-/ 
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SALES OFFICES 

EUROPE 

DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel (45-44) 94 85 33 
Telex 35411 
Telefax (45-44) 948694 

FINLAND 

LOHJA SF-08150 
Katakatu, 26 
Tel (358-12)15511 
Telefax (358-12) 155 66 

FRANCE 

94253 GENTILLY Cedex 
7- avenue Gall1en1- BP 93 
Tel (33-1) 47.40 75 75 
Telex. 632570 STMHQ 
Telefax. (33-1) 47 40 79 10 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax (33-88) 22 29 32 

GERMANY 

8011 GRASBRUNN 
Breton1scher Rtng 4 
Postfach 1122 
Tel· (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 

1000 BERLIN 37 
Clay Allee 323 
Tel (49-30) 8017087-89 
Telefax (49-30) 8015552 

6000 FRANKFURT 
Gutleutstrasse 322 
Tel (49-69) 237492-3 
Telefax (49-69) 231957 
Teletex 6997689=STVBF 

3000 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511) 615960-3 
Teletex 5118418 CSFBEH 
Telelax (49-511) 6151243 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 

7000 STUTTGART 31 
M1ttlerer Plad 2-4 
Tel. (49-711) 13968-0 
Telefax (49-711) 8661427 

958 

ITALY 

20090 ASSAGO (MI) 
V.le Mllanof1on - Strada 4- Palazzo N4/A 
Tel. (39-2) 892131 (10 l1nee) 
Telex 330131 -330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Of RENO (BO) 
V1a R Fucini, 12 
Tel (39-51) 593029 
Telex· 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1a A Torlonia, 15 
Tel (39-6) 8443341 
Telex 620853 SGSATE I 
Telefax (39-6) 844447 4 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex· 51186 
Telefax· (31-40) 528835 

SPAIN 

08021 BARCELii?NA 
Calle Platon, 6 41 Floor, 5" Door 
Tel. (34-3) 4143300-4143361 
Telefax. (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KfSTA 
Borgarf)ordsgatan, 13- Box 1094 
Tel· (46-8) 7939220 
Telex· 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chem1n Francois-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex· 415493 STM CH 
Telefax. (41-22) 7984869 

UNITED KINGDOM and EIRE 

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



AMERICAS 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex· (391 )11-37988 "UMBR BR" 
Telefax · (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO 
301 Moodie Dnve 
Su1te 307 
Tel 613/829-9944 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoen1x, AZ. 85022 
(1-602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
HuntSVIlle- (205) 533-5995 

ARIZONA 
Phoen1x- (602) 867-6217 

CALIFORNIA 
Santa Ana- (714) 957-6018 
San Jose- (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg- (708) 517-1890 

INDIANA 
Kokomo- (317) 455-3500 

MASSACHUSETTS 
Lincoln - (617) 259-0300 

MICHIGAN 
Livonia- (313) 953-1700 

NEW JERSEY 
Voorhees- (609) 772-6222 

NEW YORK 
Poughkeepsie - (914) 454-8813 

NORTH CAROLINA 
Rale1gh- (919) 787-6555 

TEXAS 
Carrollton- (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- (215) 361-6400 

ASIA I PACIFIC 

AUSTRALIA 

NSW 2220 HURTSVILLE 
Su1te 3, Level?, Ot1s House 
43 Bridge Street 
Tel (61-2) 5803811 
Telefax (61-2) 5806440 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852) 8615788 
Telex 60955 ESGIES HX 
Telefax (852) 8656589 

INDIA 

NEW DELHI110001 
L1asonOff1ce 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel (91-11) 3715191 
Telex 031-66816STMIIN 
Telefax· (91-11) 3715192 

MALAYSIA 
PETALING JAVA, 47400 
11C, Jalan SS21/60 
Damansara Utama 
Tel (03) 717 3976 
Telefax (03) 719 9512 

PULAU PI NANG 10400 
4th Floor- Su1te 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 
SEOUL 121 
8th floor Sh1nwon Bu1ld1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telelax (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
325, Sect1on 1 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
N1ssek1- Takanawa Bid 4F 
2-18-10Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 328Q-4131 
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Information furnished is bel1eved to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from Its use. No 
license is granted by implication or otherwise under any patent or patent nghts of SGS-THOMSON M1croelectromcs. Spec1f1cat1on ment1oned 
1n this publication are subJect to change without not1ce. This publication supersedes and replaces all Information previously supplied. 
SGS-THOMSON MicroelectroniCS products are not authonzed for use as critical components in hfe support dev1ces or systems without express 
wntten approval of SGS-THOMSON Microelectronics 
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