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INTRODUCTION

This databook contains data sheets on the SGS-ATESrange of linear integrated circuits for professional,
industrial and consumer applications.

Selection guides are provided in the following pages to facilitate rapid identification of the most suitable
device for the intended use.

The information on each product has been specially presented in order that the performance of the
product can be readily evaluated within any required equipment design.
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ALPHANUMERICAL INDEX

Type

L120A
L121A
L123
L146
L149
L165
L194-5
L194-12
L194-15
1200
L201
L202
1203
L204
L290
L291
1292
1293
L293E
1294
L487
L601
L602
L603
L604
L702
L2605
12685
L2610
L3654
L7805
L7806
L7808
L7812
L7815
L7818
L7820
L7824
L78M05
L78M06
L78M08
L78M12
L78M15
L78M18
L78M20
L78M24

Function Page
TRIAC/SCR phase control . . . ... i ittt it et e e e e e e e 34
TRIAC/SCR burstcontrol . . ... ... it i et e et e e e 41
High precision voltage regulator . . . . . . ... ... . i e 49
High precision, high voltage regulator . . .. ........... ... . ......... 57
High gain power output stage . .. ... ... ... ou i innneennueennnns 68
3A-Power operational amplifier .. ....... ... .. ... ... .. .. ... 73
5V-Positive voltage regulator with rectifyingbridge . .................. 79
12V-Positive voltage regulator with rectifyingbridge . . . . ... ............ 79
15V-Positive voltage regulator with rectifyingbridge . . . . ... ............ 79
Adjustable voltage and currentregulator . ... ............ ... 83
High voltage, high current 7 darlingtonarrays . . . .. . ... ... .. ........ 93
High voltage, high current 7 darlington arrays . .. .................... 93
High voltage, high current 7 darlington arrays . ...................... 93
High voltage, high current 7 darlington arrays . ...................... 93
TaChometer CONVEITEr . . . v vt ittt e ettt e ettt e et it 98
5 bit D/A converter and position amplifier .. ........... . ... ... 104
Switch-mode driver for DCMoOtors . .. ... ...ttt 110
Push-pull four channel driver . .. ... ... ... .. .. . .. 122
Push-pull four channel driver . ... ...... e 122
Switch-mode solenoid driver . .. ... .. ... . ... e 130
Low dropout 5V regulator withreset . .. .. ...... ... .. 136
High voltage, high current 8 darlingtonarrays . ...................... 139
High voltage, high current 8 darlingtonarrays. . ... ................... 139
High voltage, high current 8 darlingtonarrays ... .................... 139
High voltage, high current 8 darlingtonarrays . ...................... 139
Quad darlington switch . . ... ... .. ... i e e e 142
5V-Positive voltage regulator for automotive . . ... ................... 146
8.5V-Positive voltage regulator for automotive . . . ... ... .............. 146
10V-Positive voltage regulator for automotive ... .................... 146
Printer solenoid driver . . . ... .. . ... i e e e e 148
Positive voltage regulator (1A-5V) . . . ... ... .. . i e 153
Positive voltage regulator (1A-6V) . . .. ... ... i it e e 153
Positive voltage regulator (1A-8V) . . . ... . i i e i 153
Positive voltage regulator (1TA-12V) . . . . ... i i i e e 153
Positive voltage regulator (1TA-15V) . . . . ... . . i e e 153
Positive voltage regulator (1A-18V) ... ... ............ I 153
Positive voltage regulator (TA-20V) . . . ... ..ottt e 153
Positive voltage regulator (1A-24V) . . . .. ... .. i i 153
Positive voltage regulator (0.5A-5V) . ... ... ... . . .. e 165
Positive voltage regulator (0.5A-6V) ... ... .. ... .. .. ... 165
Positive voltage regulator (0.5A-8V) . .. ....... .. . .. ..t 165
Positive voltage regulator (0.5A-12V) . . . .. .. .. i i e 165
Positive voltage regulator (0.5A-15V) . . . . . .. ... e 165
Positive voltage regulator (0.5A-18V) . . . . . .. . it e 165
Positive voltage regulator (0.5A-20V) . . . ... ... it i it 165
Positive voltage regulator (0.5A-24V) . . . . . .. .. .. . e 165
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ALPHANUMERICAL INDEX (continued)

Type

L78S05
L78S75
L78S09
L78S10
L78S12
L78S15
L78S18
L78S24
L7905
L7952
L7908
L7912
L7915
L7918
L7920
L7924
LM117
LM217
LM317
LM324
LM324A
LM339
LM339A
LM2902
LS025
LS045
LS101
LS107
LS141
LS141A
LS141C
LS148
LS148A
LS148C
LS150
LS156
LS159
LS201
LS204
LS204A
Ls204C
LS207
LS285
LS285A
LS288
LS301

Function

Positive voltage regulator (1.5A-5V) ... ... ... ... . . .. ...
Positive voltage regulator (1.6A-7.5V) .. ... ... ... . ... .. ..
Positive voltage regulator (1.5A-9V) ... .. ... . .. . . . . . . . . .
Positive voltage regulator (1.5A-10V) . . . . . ... ... . i
Positive voltage regulator (1.6A-12V) . .. ... ... ... . ... ... .. ...
Positive voltage regulator (1.6A-15V) . ... ... ... ... .. ... ... . ... ...
Positive voltage regulator (1.6A-18V) .. ... ... ... ... .. .. ..
Positive voltage regulator (1.5A-24V) . . .. ... ... .. . . i
Negative voltage regulator (1A-BV) . . ... ... ... . i
Negative voltage regulator (1A-5.2V) . . ... ... .. ... . .
Negative voltage regulator (1A-8V) . .. ... ... .. ... . . ..
Negative voltage regulator (1A-12V) . . ... .. .. .. .. .. . . . . ...
Negative voltage regulator (1A-15V) .. ... ... ... ... .. . .. ..
Negative voltage regulator (1A-18V) .. ...... ... . . .. . . . . . . ...
Negative voltage regulator (1A-20V) . ... ... .. ... ...
Negative voltage regulator (1A-24V) . ... .. . . . . . ittt
1.2V to 37V adjustable regulator . . . ... ... ... ... ..
1.2V to 37V adjustable regulator . . . .. ... ... ...
1.2V to 37V adjustable regulator . . . .. ...... ... ...
Low power quad operational amplifier . ... ........... ... .. ... ... ...
Low power quad operational amplifier . ... ........... ... . ... ... ...
Quad voltage comparator . . . ... ..ot i it i e
Quad voltage comparator . . . . ..o i ittt e e
Low power quad operational amplifier . ... ... ... ........... ... ...,
Balanced modulator . . ... ... ... ..
Channel amplifier . . . . ... . .. . e
High performance operational amplifier . ..........................
Frequency compensated operational amplifier . . ... ..................
Frequency compensated operational amplifier . .. .. ..................
Frequency compensated operational amplifier . ... ...................
Frequency compensated operational amplifier . ......................
Operational amplifier .. ... ... ... ... . . . .
Operational amplifier . ... ... .. .. . . . . .
Operational amplifier ... ... . ... . .. . . . e
High performance 80dB compandor . .................. ...,
Telephone speech circuit . ... ... . ... ...
High reliability transistor array . .. ... ... ...ttt
High performance operational amplifier .. .........................
High performance dual operational amplifier . ... ... .................
High performance dual operational amplifier . ... ... .................
High performance dual operational amplifier ... ... ..................
Frequency compensated operational amplifier . . .....................
Telephone speech circuit . . ... ... ... .. .. .
Telephone speech circuit . .. ... ... i e e e
Programmable telephone speech circuit. . .. ........................
High performance operational amplifier ...........................
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ALPHANUMERICAL INDEX (continued)

Type

LS307
LS342
LS356
LS404
Ls404C
LS656
LS709
LS709A
LS709C
LS776
LS776C
LS4558N
MC1458
MC1458C
TAA550
TAAG11A
TAA611B
TAAB11C
TBA231A
TBA331
TBAS800
TBA810CB
TBA810P
TBA810S
TBAS820
TBA820M
TCA830S
TCA900
TCA910
TCA940N
TCA 3089
TCA 3189
TDA 440S
TDA1054M
TDA1151
TDA1170
TDA1170D
TDA1170N
TDA1170S
TDA1180P
TDA1190Z
TDA1200
TDA1220A
TDA1220B
TDA1220L
TDAT410A

Function Page
Frequency compensated operational amplifier . . ... ... ............... 231
Multifrequency to telephone line interface circuit . . . ... ... ............ 303
Telephone speech circuit . ... ... ... . ... e 307
High performance quad operational amplifier . . . . ... ................. 320
High performance quad operational amplifier . . . ... .................. 320
Telephone speech CirCUit . . . . . . v i ittt i e e e e e e e e 329
Operational amplifier . . ... ... ... e e 342
Operational amplifier . ... .. ... . . . . . e 342
Operational amplifier . .. ... ... . . . . . . e 342
Programmable operational amplifier . . . .. ........ ... ... . . . . .. ... 347
Programmable operational amplifier . . . . .. ... ... ... ... ... . . ..., 347
Dual high performance operational amplifier ... ..................... 357
Dual operational amplifier . . ... .... ... .. . .. . . . .. 364
Dual operational amplifier . .. ... ..... .. . .. . ... 364
TV voltage stabilizer . . ... .. ... . .. e 14
1.8Waudio amplifier . . . ... ... . e e 14
2. AW audio amplifier . . . . . ... e e e 14
33Waudioamplifier . . . . .. .. .. e e e 14
Dual audio preamplifier . .. .. ... .. .. e 367
General purpose transistor array . . ... ... ... ittt 371
bW audio amplifier . .. . ... .. . . e e 377
7W audio amplifierforCBradio . ............ ... ... 382
7W audio amplifier . ......... e 389
7W audio amplifier . ... . . ... e 396
2W audio amplifier . .. ... .. e e 14
Minidip 1.2W audio amplifier . .. .. ... ... .. . .. ... . . 402
3A4W audioamplifier . . . . . ... e e 14
Motor speed regulator . . ... . . .. . e 409
Motor speed regulator . . . .. ... ... e 409
T0W audio amplifier . .. . ... . .. e e 413
FM-IF radio system . .. ... .. i e e e e e e e 420
FM-IF high quality radiosystem . . . ... .. ...t i 427
TVovision IF system . .. ... . .. e 433
Preamplifier with ALC for cassetterecorders . .. ..................... 442
Motor speed regulator . . ... ... ... e e 453
TV vertical deflectionsystem . .. ... ... . ... i, 459
Low-noise TV vertical deflectionsystem . . .. ......... ... ............ 469
Low-noise TV vertical deflectionsystem . . . ... ..................... 475
TV vertical deflectionsystem . . ... ... .. . .. ... 481
TV horizontal ProCessor . . . . v v v v ot et e e e e e e e e e 493
Complete TVsoundchannel . ... ....... ... ... . . .., 506
FM-IF radio system . . . ... .. i i i et e e e e e 14
AM-FMradio . ... .. e e 514
AM-FMquality radio . . .. .. i e e e e 530
Low voltage AM-FMradio .. ........ ... .. ... 535
Quasi-complementary dual darlington . . .............. . .. . ... ..... 14
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ALPHANUMERICAL INDEX (continued)

Type

TDA1420A
TDA1420L
TDA1470
TDA1670
TDA1770
TDA1904
TDA1905
TDA1908
TDA1910
TDA2002
TDA2003
TDA2004
TDA2005
TDA2006
TDA2008
TDA2009
TDA2010
TDA2020
TDA2020D
TDA2030
TDA2030A
TDA2040
TDA2054M
TDA2140
TDA2151

- TDA2161
TDA2170
TDA2190
TDA2310
TDA2320
TDA2320A
TDA3190
TDA3310
TDA3410
TDA3420
TDA4092
TDA4420
TDA4431
TDA4433
TDA7270S
TDA7770

Function

Quasi-complementary dual darlington .
Quasi-complementary dual darlington .
Vertical deflection system .. .......
Vertical deflection circuit . . . . ... ...
Vertical deflection circuit . . . ... ....
4W audio amplifier .. ... .........
5W audio amplifier with muting . . ...
8W audio amplifier ... ...........
10W audio amplifier with muting . . . . .
8W car radio audio amplifier . . ... ...
10W car radio audio amplifier . ... ...
10 + 10W stereo amplifier for car radio .
20W bridge amplifier for car radio . . . .
10W audio amplifier ... ..........
12W audio amplifier .. ...........
10 + 10W Hi-Fi amplifier . . ... ... ..
12W Hi-Fi amplifier ... ..........
20W Hi-Fi amplifier .............
40W audiodriver . ..............
14W Hi-Fi amplifier . ............
18W Hi-Fi amplifier . ............
22W Hi-Fi amplifier .............

Preamplifier with ALC for cassette recorders . .. ... ............c......
PAL Subcarrier Reference Oscillator for Colour TV . ... ... ............
Luminance and Chrominance Amplifier for Colour TV ... ... ... ........
Synchronous Demodulator and RGB Matrix for Colour TV. . ... .......

TV vertical deflection output circuit . .

Complete TV sound channel with VCRand CCC .. ... ................

Hi-Fi dual preamplifier ... ........

Preamplifier for infrared remote control systems . .. ..................

Minidip stereo preamplifier . . . ... ...
Complete TV sound channel . .. ... ..
Low noise NPN transistor array . . . ...

Dual low noise tape preamplifier with autoreverse . . . .. ... .............

Dual low noise tape preamplifier . . . ..

5 bit binary to 7 segment decoder driver
Vision IF system with AFC . .......
TV signal identif. and AFC interface ..
TV signal identif. and AFC interface ..
Multifunction system for tape players . .
Multifunction system for tape recorders

Page

14

14
540
551
563
575
579
592
603
616
623
632
642
656
666
672
683
691
700
711
721
735
742

14

14

14
749
756
775
784
790
800

14
809
817
824
830
837
837
845







APPLICATION GUIDE: CONSUMER CIRCUITS

TV Audio Power Amplifiers
CFUNCTION | pEwice | | APpLicaTION | DEVICE
TDA11902 TBA810P
Complete sound channel TDA2190 TBA810S
TDA3190 TBA810CB
i Car radio TDA2002
Horizontal TDA1180P TDA2003
TDA1170 TDA2004
S TDA1170D TDA2005
= TDA1170N
8 . TDA1170S TAAG11A
-g Vertical TDA1470 TAAg1 1B
TDA TAAG611C
TDA:?;g Portable radio TBA820
TDA2170 TBAB20M
TDA1904
TDA1905
Video IF system }‘Bﬁzjgg
TeAg,
g Oscnl‘lator . TDA2140 TDA1904
_g_ Lumin. & Chromin. TDA2151 TV receiver ¥Bﬁ}ggg
O | Demodulator TDA2161 -{Bﬁgggg
TV signal identification oAt TDA2009
TAAB50A TDATOI0
. TDA2009
Varicap supply TAA5508 TDA2010
TAAB50C Hi-Fi and Hi-Fi TV TDA2020
- - TDA2030 -
TV channels display driver TDA4092 TDA2030A
. TDA2040
Preamplifiers
— . TDA2020D
DEVI Driver TDA2030A
General purpose TBA231A )
TDA1054M Radio
TDA2054M
Tape TDA3410 ok s
TDA3420 TCA3089
i—Fi IF/FM radio system TCA3189
Hi-Fi TDA2310 TDA1200
Infrared receiver TDA2320
TDA1220A
Stereo preamplifier TDA2320A AM/FM radio TDA1220B
TDA1220L

Tape Recorders

iy

DC Motor Regulators

TCA900
TCA910
TDA1151

lultifunction

TDA7270S

Transistor Array

NPN array

LS159
TBA331




APPLICATION GUIDE:

Operational Amplifiers

PROFESSIONAL CIRCUITS

Positive Voltage Regulators

i

LS107/207/307 L7800 series
LS141/A/C Positive fixed L78MOO series
Single general purpose LS148/A/C L78S00 series
L§709/A/C Negative fixed L7900 series
Single high performance LS101/201/301 With integrated bridge L194 series
L123
Programmable LS776/C . L146
Adjustable L1200
Dual general purpose MC1458/C LM117/217/317
Automotive L2600 series
. LS204/A/C
Dual high performance LS4558N Very low drop L487
Quad genera! purpose tmgggéA
Industrial Circuits
Quad high performance LS404/C o
Power operational amplifier L165
DC motor positioning tgg?
system 292
Telecommunications Circuits DC and stepping L293
. motor driver L293E
Switch-mode solenoid driver L294
Balanced modulator LS025
Printer solenoid driver L3654
Channel amplifier L.S045
Quad comparator LM339
Compandor LS150
L201/2/3/4
LS156 Darlington array L601/2/3/4
LS285/A L702
Telephone speech circuit L5288
Lo3oe L149
Current boosters TDA1410A
TDA1420A
Multifrequency interface LS342 TDA1420L
Op-amps for active filter tgggi Triac/SCR control ll:: 5(1)2
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AUDIO POWER AMPLIFIERS

Selection table (test conditions; d = 10%, f=1kHz)

Supply

Output Power (W)

Device
(V) R L= 20

R =40

RL= 80

4 TBA820M

(3]

TAAGT1A
6 TBAB10S

TBA820M
TDA1904

oo oo
o

TAAG11A
TAAG11B
TBA810P 3.4
9 TBA820

TBA820M
TDA1904
TDA1905

NN = N) ==
NI | ON=—0 | W

TAA611B
12 TAAB11C
TBA820

w

TBA810CB 7
TBA810P 7
TDA1904
TDA1905
14.4 TDA1908
TDA2002 8
TDA2003 10
TDA2004
TDA2005

ook
oo RTIOO®

NN
X X
oo

12
2x11
2x11

R =1.6a

TBA80D
18 TCA940N

TDA1905
TDA1908

22 TDA2008

12

23 TDA2009

2x10

TBAS00
24 TDA1905

TDA1908
TDA2006

12

5
53| R =160
5

28 TDA2010*
TDA2030*

12
14

32 TDA2030A"
TDA2040*

18
22

12
12

36 TDA2020*

20

(°) 20W in Bridge
) 11

(*) d=0,5%, f=1KHz.




OPERATIONAL AMPLIFIERS

LS101T

+22

55 10 125 90 120 10 T0-99
LS101AT -55 t0 125 9% 30 10 122
LS107T -55 to 125 ° 9% 30 07 £22
LS141T -55 t0 125 ° 90 80 05 122 _
LS141AT -55 10 125 ° 95 30 07 +22 Va
LS141CT 0to 70 . 90 80 05 118 /
LS148T -55 10 125 90 80 5.5 +22
LS148AT -55 to 125 95 20 55 122
LS148CT 0to 70 90 80 5.5 122
LS201T 010 70 90 250 10 122
LS201AT 25+t0 85 96 30 10 122
LS207T 2510 85 ° 96 30 0.7 122
LS301AT 01070 90 70 10 +18
LS307T 0 to 70 ° 90 70 0.5 +18
LS709T -55 t0 125 90 200 025 | 18
LS709AT -55 t0 125 110 100 025 | 18
LS709CT 0to 70 90 300 025 | 18
LS776T -55 t0 125 ° 90 15 035 | +i8
LS776CT 0to 70 ° 90 15 08 118
LS204T* 2510 85 ° 100 50 15 +18
LS204AT* _55 t0 125 ° 100 50 15 18
LS204CT* 0to 70 . 95 80 1 118
LS141CM. 0to 70 ° 90 80 05 +18 Minidip
LS148CB 01070 90 80 55 122
LS2018B 0to 70 90 250 10 122
LS301AB 01070 90 70 10 18
LS3078 0to 70 o 90 70 05 +18 :
LS776CB 0to 70 ° 90 15 0.8 +18 \
LS204CB* 0to70 ° 95 80 1 +18
LS4558NB* 01to 70 ° 90 50 15 +18
MC1458P1* 0to 70 ° 90 80 05 +18
MC1458CP1* | 0 to 70 . 90 80 05 +18
Ls141CM 0to 70 ° 90 80 05 18 SO-8
LS148CM 01070 90 80 55 22
LS201M 0to 70 ) 250 10 122
LS301AM 0to 70 90 70 10 +18
LS307M 01to 70 ° 90 70 05 18
LS776CM 0070 ° 90 15 0.8 +18 &3
LS204M* 25 10 85 ° 100 50 15 +18
LS204CM* 0to 70 ° 95 80 1 118
LS4558NM* 0to 70 ° 90 50 15 18
MC1458M* 0to 70 ° 90 80 05 +18
MC1458CM* 01070 ° 90 80 05 118
LM324N** | -25t0 85 ° 70 45 32 DIP
LM324AN** | -55t0 125 o 85 45 32 —
LM2902N** 0to 70 ° 70 45 32 e
LS709CB 0to 70 0 300 025 | +18
LSA404CB* * 01070 ° 90 100 1 +18
LM3zacms: 25 to_ g5 ° 70 45 32 SO-14
to 70 ° 70 45 32
LS404M* * 2510 85 . 94 50 1 +18 S ]
LS404CM* * 01070 ° 90 100 1 118
* Dual ** Quad.



POSITIVE VOLTAGE REGULATORS

i, max ‘,  7‘[';@;;., . ’ Regulatad outpuz voltage (V) SR _,
ol o 6 75 B 85 9 10 12 15 18 20 24,_
L200CH/CV 2. 9<——-—'———-ADJUSTABLE "’“’"”_"'—”’—’36} Pentawatt ®
2 L200CT/T 2. 9*——————' ADJUSTABLE M—*SB | TO-3 (4-lead)
L78S00CV e e Ty e e e e e o [ 28 Versawatt
L78S00CT/T . e e e e ® o e TO-3
LM117K 1.24—————— ADJUSTABLE ~————»37 TO-3
15 LM217K 1 2<——-~————-- ADJUSTABLE-*'-—-*——>37} TO-3
: LM317K 1.2 ADJUSTABLE =37 TO-3
LM317T 1.2 #———— ADJUSTABLE -~—————37 Versawatt
1 L7800CvV Versawatt
L7800CT/T TO-3
L2600V Versawatt
L78MO00CV Versawatt
05 | L194-5V* Pentawatt ®
L194-12V™ Pentawatt
L194-15V* Pentawatt
L487 Pentawatt ®
L123CB 2 P001-A
0.15 L123CT/T 2 TO-100
. L146CB 2 P0OO1-L
L146CT/T 2 TO-100

* With integrated rectifying bridge.

NEGATIVE VOLTAGE REGULATORS

L7900CcVvV
L7900CT/T

Versawatt
TO-3




141

NOT FOR NEW DESIGN

TAA 550 TV VOLTAGE STABILIZER TO-18 — Vz =30V t0 36V, Iz max)= 20 mA
TAA 611A 1.8W AUDIO AMPLIFIER 14-DIP/TO-100 12 Po =18W (9V -4q), Pg = 1.15W (9V -8a)
TAA 611B 2.1W AUDIO AMPLIFIER 14-DIP 15 Po =2.1W (12V - 8q), Po = 1.15W (9V - 8q)
TAA 611C 3.3W AUDIO AMPLIFIER 14-DIP 22 Po =3.3W (15V -8q), P = 1.7W (12V - 8q)
TBA 820 2W AUDIO AMPLIFIER 14-DIP 16 Po =2W (12V -8a), Po =1.2W (9V -8a)
TCA 830S 3,4W AUDIO AMPLIFIER FIN-DIP 20 Po = 3.4W (12V - 4q), Po =2.3W (12V - 8q)
TDA 1200 FM-1F RADIO SYSTEM 16-DIP 16 See TCA 3089
®

TDA 1410A QUASI COMPLEMENTARY PENTAWATT® 36 hge > 800 @ 2A
TDA 1420A PENTAWATT 44 hge > 500 @ 3A

DUAL DARLINGTON ®
TDA 1420L PENTAWATT 40 hge > 800 @ 2A
TDA 2140 16-DIP 15
TDA 2151 KIT CHROMA 16-DIP 15
TDA 2161 16-DIP 15
TDA 3310 LOW-NOISE NPN TRANSISTORS 14-DIP 20 hgg > 300 @ 100 A, NF = 0.5dB

ARRAY
TDA 7770 MULTIFUNCTION SYSTEM FOR FIN-DIP 20 Motor speed regulator, Bias Oscillator, DC record-

TAPE RECORDERS play switching, Automatic stop.




PRECAUTIONS FOR PHYSICAL HANDLING OF POWER LINEAR ICs

When mounting power ICs certain precautions must be taken in operations such as bending of leads,
mounting of heatsink, soldering and removal of flux residue. If these operations are not carried out
correctly, the device can be damaged or reliability compromised.

1.

1.1

1.2
13

1.4.

15

Fig.

Bending and cutting leads
The bending or cutting of the leads requires the following precautions:

When bending the leads they must be clamped tightly between the package and the bending point
to avoid strain on the package (in particular in the area where the leads enter the resin) (fig. 1). This
also applies to cutting the leads (fig. 2).

. The leads must be bent at a minimum distance of 3 mm from the package (fig. 3a).

. The leads should not be bent at an angle of more than 90° and they must be bent only once

(fig. 3b).

The leads must never be bent laterally (fig. 3c).

. Check that the tool used to cut or form the leads does not damage them or ruin their surface.

1 - Bending the leads Fig. 2 - Lead forming or cutting mechanism

w
M '
Plastic —_sl—i
Package Lead forming or cutting
] mechanism

- ' m ‘

Spaced/ w
A-0039 Clamp mechanism

3.0min.
oz = 0w
=\
plenfninglogbie | WRONG Y \I WRONG
[ O = |

$-5370
5-53N 5-5372 B
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2.1,
2.2.
23.

3.1.

3.2.

Fig.

Y
()

150

100 A

50

Mounting on printed circuit
During mounting operations be careful not to apply stress to the integrated circuit.

Adhere strictly to the pin spacing of the IC to avoid forcing the leads.
Leave a suitable space between printed circuit and integrated circuit, if necessary use a spacer.

When fixing the device to the printed circuit do not put mechanical stress on the IC. For this
purpose the device should be soldered to the printed circuit board after the IC has been fixed to the
heatsink and the heatsink to the printed circuit board.

Soldering

In general an IC should never be exposed to high temperatures for any length of time. It is therefore
preferable to use soldering methods where the IC is exposed to the lowest possible temperatures for
a short time.

Tolerable conditions are 260°C for 10 sec or 350°C for 3 sec. The graphs in fig. 4 give an idea of the
excess junction temperature during the soldering process for a TO-220 (Versawatt). It is also im-
portant to use suitable fluxes for the tin baths to avoid deterioration of the leads or of the package
resin,

An excess of residual flux between the pins of the integrated circuit or in contact with the resin can
reduce the long-term reliability of the device. The solvent for removing excess flux must be chosen
with care.

The use of solvents derived from trichloroethylene is not recommended on plastic packages because
the residue can cause corrosion. '

4 - Junction temperatures during soldering

5-5368 S5-5369

260°C soldering bath . T 350°C soldering bath

0 Exposed to air ) Exposed to air

150 4

100

T
' 50
Solder

— v T T T - r
20 40 60 80 100 140 180 220 Time (sec) o 10 20 30 40 50 60 Time(sec)
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4, Mounting of heatsink

To exploit best the performance of power ICs a heatsink with Ry, suitable for the power that the IC

will dissipate must be used.

4.1. The plastic packages used by SGS for its linear ICs (Pentawatt, Multiwatt, Versawatt) provide for
the use of a single screw to fix the package to the heatsink. A compression spring (clip) can be

sufficient as an alternative (fig. 5).

Fig. 5 - MU LTIWATT® mounting examples

The screw should be properly tightered to ensure good
contact between the back of the package and the heatsink
but should not be too tight to avoid deformation of the
copper part (tab) of the package causing breaking of the
die or separation of the resin from the tab (fig. 6).

4.2. The suggested tightening torques with a 3 MA screw are:
Versawatt 6 Kg/cm
Pentawatt 6 Kg/cm
Multiwatt 8 Kg/cm

5-3713

Fig. 6 - Contact thermal resistance
vs. tightening torque

Rin

(*cIw)
08
06

0.4

02

o

6-837

MULTIWATT
PACKA(

Without silicone grease

Silicone grease applied
N

4 6  Torque (Kg/cm)

If different screws are used the force transmitted to the tab must not exceed that encountered in

the above conditions.

When fixing the device avoid bumping or stressing the resin and pins with the tools used for this

operation (pneumatic screw drivers, tweezers etc.).
17



43.

5.

-

5.2.

Fig.

53.

The contact Ry, between device and heatsink can be im-
proved by inserting a thin layer of silicone grease with
fluidity sufficient to guarantee perfectly uniform distri-

Fig. 7 - Contact thermal resistance
vs. insulator thickness

6-2836

bution on the surface of the tab. The thermal resistance o [

with and without silicone grease is given in fig. 7. An ULTWATT

excessively thick layer or an excessive viscosity of the N i y*"é
silicone grease can be damaging for the Ry, and for any l

tab deformations.

N
z
+\G

Without siticone grease A
Wi
praly -
= P>
1
/
Heatsink problems ' . //l Syhlone glease 1»4' 1
The most important aspect from the point of view of
0 005 0.10 035 Th(mm)

reliability of a power IC is that the heatsink should be
dimensioned to keep the T; of the device as low as
possible. From the mechanical point of view, however, the
heatsink must be realized so that it does not damage the
integrated circuit.

. The planarity of the contact surface between device and heatsink must be < 10 um for Pentawatt

and Versawatt and < 20 um for Multiwatt.

If self threading screws are used there must be an outlet for the material that is deformed during
formation of the thread. The diameter ¢ 1 (fig. 8) must be large enough to avoid distortion of the

8 - Device mounting

WASHER. [

~ =

heat-sink j ? heat - sink

$-5373 $-5374

WRONG RIGHT

tab during tightening. For this purpose it may be useful to insert a washer or use screws of the type
shown in fig. 9 where the pressure on the tab is distributed on a much larger surface. Sometimes
when the hole in the heatsink is formed with a punch, around the hole

or hollow there may be a ring which is lower than the heatsink surface.  Fig. 9 - Suggested screw
This is dangerous because it may lead to distortion of the tab as men- (T T

tioned before.

A very serious problem is that of the rigidity between heatsink, device
and printed circuit board. When mounting the heatsink, device (which
may be fixed to frame of apparatus) and printed circuit board are
bound together by the leads of the device.A solution of this type is extremely dangerous, especially
if the equipment is subjected to vibrations.
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SEMICONDUCTOR USERS RELIABILITY EVALUATION

SGS SURE Il programme is an important improvement of SURE |l programme obtained with tightened
quality levels. Moreover there are many level’s options to satisfy various customer’s requests.

SGS SURE Il programme aims to inform customers of basic production operations and internal quality
and reliability assurance procedures, paying particular attention to the tests and guarantees on the
finished product.

This programme covers the set of 100% operations, controls and testing operations undergone by the
devices produced to standard specification, i.e. without any special customer requirements.

In other words, unless special co-produced specifications are used, the majority of SGS customers in the
professional, consumer and industrial markets buy products tested according to the SURE Ill pro-
gramme.

The programme thus fully meets the requirements of almost all applications.

Moreover, since the programme offers more options, the customer can request the product with certain
supplementary screenings, while the entire production process, apart from the optional operations
indicated in the programme, remains identical to that of the standard product.

General Information

This information is valid for all products ordered from SGS or which are ordered to one of the SURE
Programme options.

Marking

Each device will be marked in a contrasting ink with the following standard information (if sufficient
space is available);

1 — SGS logo

2 — Device type as shown in the detail specification

3 — Manufacturing plant number

4 — Lot code (Production lot)

Packing

Device will be packed in the SGS standard package.

The following information will be marked on the primary package.
1 — SGS logo

2 — Device type as shown on the order confirmation

3 — Quantity in the package

4 — SGS order confirmation

5 — Warning label on Mos products

Testing and finishing

1 — Screenings according to MIL or CECC or however to this programme
2 — 100% electrical testing according to SGS data sheet
3 — Temperature acceptance

When an extended temperature range is guaranteed SGS Outgoing QC may carry out the test at tempe-
ratures other than those shown on the data sheet on the basis of temperature correlation of the
parameters.

SGS, guarantees the applicability of the AQL levels at the temperature limits and will accepts any lot
rejected as a consequence.
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External visual and Mechanical Inspection Criteria (group A Acceptance)

— Inoperative mechanical defects (critical):
e.g. wrong pin indication, wrong marking or splitting, broken or weakened leads, short circuits bet-
ween leads, missing or partially detached cap, mixed package, cap and frame not aligned at the same
side, catastrophic bent leads.

— Major defects (significant mechanical defects, but not functional defects):
e.g. open packages, deformed leads, unmarked packages or with illegible marking, deep cracks on
packages, incomplete tinning or with bubbles — roughness — blackenings, lead straightness and
position not in accordance with relevant drawing.

— Minor defects:

Reference specification

a) Basic Sampling Procedures and tables for inspection by attributes: MIL-STD-105D, IEC 410.
In general the single sampling plan will be used but it is acceptable for the customer to use double or
multiple sampling (with, naturally, the same AQLs and inspection levels).
Similarly Q.C. managers can also use double or multiple sampling.

b) The Sure Il Programme has been prepared considering the following specs: IEC 68-2, MIL-STD-~
883B, CECC 50000, MIL-STD-38510 D and IEC 147-5.
It should be noted that conformance with these specs should be assumed only where specifically
stated in this programme.

Precedence of documents

For the purpose of contractual interpretation in case of conflict, documents shall take the following
order of precedence:

1 — Purchase order or contract. The text of the order or contract prevails over any other specification.

2 — Detail specification. The detail specification agreed between customer and vendor prevails over this
present specification and any other reference specification.

3 — Generic specification. The generic specification (including this programme) prevails over all refer-
ence specifications.

4 — Relevant specification. All reference documents apply only to the extent defined here in.

Essential terms and definitions

For the purpose of interpretation of this general specification the following terms and definitions are
applied:

Detail/relevant/blank specification

A specification which covers a particular component or range of components, and which describes that
component including rated and/or limiting values and characteristics. The detail specification will also
give the inspection requirements or appropriate reference to this general specification.

Inspection lot

A quantity of components presented together for inspection from which a sample is to be drawn and
inspected to determine conformance with the acceptance criteria of the specification.
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Production lot

Consists of one lot of devices sealed within a period not exceeding six weeks.

Delivery lot

A quantity of components delivered to an order at one time. One delivery lot may consist of one or
more inspection lots or parts thereof.

Structurally similar devices

Structurally similar devices are those devices produced concurrently through final seal by the same
fabrication techniques, using the same type of machines and apparatus and having the same basic design
rules and the same packaging.

Details of structural similarity for various components will be defined, when required, by the SGS
Quality Assurance Magr(s).

Certificate of Conformance

A document issued with a delivery lot stating that the components have been taken from one or more
inspection lots accepted under the requirements of the particular specification.
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Standard production process flow chart

KEY:
100% OPERATION/SCREENING
IN-PROCESS CONTROL (MONITOR)

GATE INSPECTION (SAMPLE ACCEPTANCE)

HERMETIC PACKAGE

PROCESS

10

11

MATERIAL INSPECTION
Starting materials are inspected following written specification and
records are maintained for traceability.

WAFER FABRICATION
Masking, etching, diffusion and metallization processes produce
finished dice in wafer form.

IN-PROCESS CONTROL
Wafers and process environment are inspected at main process steps.

ELECTRICAL WAFER SORT
Each die is electrically tested and identified when doesn’t meet
electrical requirements.

FINISHED WAFER INSPECTION
Active surface and back finish are inspected on each diffusion lot
before release for die fab and assembly.

DIE-FABRICATION

Wafers are separated into individual dice and electrical rejects are
removed.

VISUAL SCREENING
Dice are inspected and selected at high magnification.

QUALITY INSPECTION
Each dice lot is accepted before assembly (visual inspection of active
surface)

DIE ATTACH

QUALITY CONTROL (Table I)
Daily visual and mechanical (die shear strangth) control.

WIRE BOND

22
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Standard production process flow chart (continued)

HERMETIC PACKAGE MOLDED PACKAGE
PROCESS PROCESS
12 QUALITY CONTROL (Table 1)
Daily visual and mechanical (bond strength) control.
13 PRECAP VISUAL
Assembled but unsealed units are individually inspected at low and
high power magnifications.
QUALITY INSPECTION (Table 1)
14 . h . .
Each lot is accepted before sealing to verify compliance to precap
inspection specifications.
15 FINAL SEAL
16 MOLDING AND CURING
17 f—]_] SEALING ATMOSPHERE CONTROL (Table I)
18 }—{_] SEAL AND LID TORQUE CONTROL (Table I)
19 ) TEMPERATURE CYCLING (Table I)
20 CROPPING
21 CROPPING CONTROL
22 LEAD FINISH
23 LEAD FINISH INSPECTION (SOLDERABILITY — Table {)
24 FINAL CROPPING
25 INTERNAL WATER-VAPOR CONTENT CONTROL (TableI)
26 HIGH IMPACT SHOCK (Table I)
27 RAW LINE INSPECTION (Table I)
28 GROUPS B, C, AND D TESTS
QUALITY CLASSES QUALITY CLASSES
OPTIONS OPTIONS

g = rar i —

e —




Production quality tests description and screenings

TABLE 1|

10 DIE-ATTACH CONTROL MIL STD 883B Mth 2010 cond. B (internal visual) and Mth 2019
(die shear strength).
12 BONDING CONTROL MIL STD 883B Mth 2010 cond. B (internal visual) and Mth 2011
cond. C (bond strength).
14 PRECAP INSPECTION MIL STD 883B Mth 2010 cond. B (internal visual)
17 SEALING ATMOSPHERE Moisture content:
CONTROL < 50ppm for Ceramic packages
<120 ppm for Metal Can packages
18 SEAL CONTROL — Fine Leak:
— Metal can packages
IEC 68-2-17 test QK (CECC 50000 para 4.4.10)
Helium leak detector after pressurization in He for 16 hrs at 5
atm,
Limiti 5 + 10°7 cc/s
— Ceramic packages
MIL STD 883B Mth 1014 cond. A1
Helium leak detector after pressurization inHe for 2 hrs at
4 atm.
Limit: 5+ 10-% cc/s for 1.C.V.* < 0.4 cc
5107 cc/s for 1.C.V. > 0.4cc
* (I.C.V. = internal cavity volume).
— Gross Leak:
— Metal Can packages
IEC 68-2-17 test Qc Mth 2 (CECC 50000 para 4.4.10).
Bubble test in mineral oil at Tymp= 125°C after pressur-
ization in He for 16 hrs at 5 atm.
— Ceramic packages
MIL STD 883B Mth 1014 cond. C.
LID TORQUE TEST — Ceramic Packages only — MIL STD 883B Mth 2024,
(CONTROL)
19 TEMPERATURE — From -25°C to +150°C; 30 min at extreme temperatures;
CYCLING 5 minutes transfer time; n° 5 cycles
20-21-24 CROPPING Not for Metal Can packages.
23 SOLDERABILITY — |EC 68-2-20 Test TA (bath method) — CECC 50000 para
INSPECTION 4,47 - 230 £ 5°C with preconditioning for 16 hrs at 155°C.
25 INTERNAL WATER VAPOR Dew Point method MIL STD 883B Mth 1018 procedure 3 - 5000
CONTENT CONTROL ppm max. (dew point temperature less than -15°C).
26 HIGH IMPACT SHOCK Metal Can packages only except TO-3 and TO-66.
20000 G min.; T = 25 usec min; Y1 axis only.
27 RAW LINE INSPECTION — External Visual
— MIL STD 883B Mth 2009.
— Lid torque test: as per step 18.
— Centrifuge (ceramic packages only)
MIL STD 883B Mth 2001
— High Impact Shock: as per step 26
— Seal control: as per step 18
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Available class options (*)

HERMETIC

MOLDED

r
1 ESA/SCCG specs |
| it -

MIL class B

MIL class C

Class B1
(Bl 160 hrs)

Class B2
(B 48 hrs)

Class B3

—t Class B3 —I

(Automotive)

(Automotive)

Class B4

B Class B4

— Class STD

Class STD

(*) SGS-ATES will also supply devices to CECC specifications when these are issued.

Quality & reliability tests

Each lot
Each lot
3 months

6 months

Each lot
See group C
3 months
6 months
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Quality class options

B1

(Hermetic packages only)

100% electrical test

Group A acceptance (STD)

Marking
Burn-in 160 H

100% electrical test

Group A acceptance (B1)

Pack

Pack and documentation acc.

Ship

Group A acceptance (¢)

B2

(Hermetic packages only)

Reduced electrical test

Marking

Burn-in 48 H

100% electrical test

Group A acceptance (B2)

Pack

Pack and documentation acc.

Ship

B3, B4, STD
(Hermetic and molded packages)

100% electrical test

Marking

Group A acceptance (B3 or B4
or STD)

Pack
Pack and documentation acc.

Ship

A1 | Visual and mechanical insp.
Major | I | 025 0.25/025| 0.25 | 0.25| 0.25| 0.25{0.25
Minor 1 1 1 1 1 1 1 1
A2 |lInoperative failure Tmax 015 — 01l —
(electrical and mechanical) | 256°C [ Il [{0.15 ' 0.15110.065 |} 0.1 0.1 . 0.1
over guaranteed tempe- Tmin — — — _
rature range
A3 | DC parameters and main Tmax 065 = 04 | ~
AC parameters over 25°C | It [0.65|[ 7| 0.65(} 0.25 |} 0.25|;0.4 104
guaranteed temperature Tinin — - - -
range
A4 | Other AC parameters 25°C | S4 1 1 1 0.65 0.65| 065| 0.65|0.65

© Parameters are guaranteed within the temperature range by 25°C correlation measurements.
= Automotive devices only.
(#) For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents.
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TABLE Il - Group C tests - every 3 months on raw line material (¢)

e e
“Condition S N
Subgroup 1 .
Physical dimensions 2016 2 devices (no failure)
Subgroup 2 (1) — Ceramic packages
Resistance to solvent 2015 — Molded packages: solvent solution 2.1A only 4 devices (no failure)
— Metal can packages
Subgroup 3 (1) 2003 | — Soldering temperature of 260 +10°C or IEC
Solderability (2) method 68-2-20 test T4 (230 £ 5°C) 15 2
Subgroup 4
Steady state and operating life 1005 | — 1000 hrs; according to device spec. type 5 2
test or
Intermittent life test — 5000 cycles
End-point electrical Key parameters (Table V); measurements at 0, 168,
parameters 500 and 1000 hrs.
Subgroup 5
(Hermetic packages only)
Temperature cycling 1010 | — Test condition C (10 cycles -65°C to +150°C) 15 2
Constant acceleration 2001 — Test condition E (30000 G) Y1 orientation only(3)
Seal (4) 1014
a) fine — Test condition A1 or IEC 68-2-17 method, test Q,
b) gross — Test condition C or |EC 68-2-17 method, test Q.
(Mth 2 - mineral oil at T = 125°C)
Ead-point electrical paramet. Key parameters (Table V)
Subgroup 6 (1)
(Moldel packages only)
Pressure pot 121°C, 2 atm, for 48 to 96 hrs, according to 15 2
package type
End-point electrical Key parameters (Table V)

(1) Performed weekly on finished products.
(2) According to IEC Mth 68-2-20 test T 5.
(3) 20000 G for packages with cavity perimeter of 2 inches or more and/or with a mass of 5 grams or more.
(4) Metal can packages: according to |EC 68-2-17 tests Q, and

Ceramic packages :

according to MIL-STD-883B Mth 1014,

{#) For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents.
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TABLE IV — Group D tests - every 6 months on raw line material (#)

Subgroup 1

End-point electrical
parameters

ICs with or without bias according to device speci-
fication.

Key parameters (Table V); measurements at 0, 198,
500 and 1000 hrs.

Design and temperature This subgroup comprises those parameters comple- 30
electrical characteristics mentary to group A parameters. As alternative to
LTPD sampling plan. X-R charts may be used to keep
the process under control.
Subgroup 2 -
Lead integrity 2004 | Test condition B2 (lead fatigue) 15
Seal 1014 :
(hermetic packages only) (1)
a) fine Test condition A1 or IEC 68-2-17 method, test Q,
b) gross Test condition C or IEC 68-2--17 method, test Q.
(method 2, mineral oil at T = 125°C)
Lid torque (2) 2024
(hermetic packages only)
Subgroup 3 .
Thermal shock 1011 Test condition B, 15 cycles (-55°C to +125°C . 15
Temperature cycling 1010 | Test condition C, 100 cycles (-65°C to +150°C)
Moisture resistance 1004 10 cycles of 24h; T = 25°C to 65°C, RH= 90% five
3h cycles at -10°C
Seal 1014
(hermetic packages only) (1)
a) fine, Test condition A1 or IEC 68-2-17 method, test Q,
b) gross Test condition C or IEC 68-2-17 method, test Q.
(Method 2, mineral oil at T = 125°C)
Visual examination Per visual criteria of method 1004 and 1010.
End-point electrical paramet. Key parameters (Table V)
Subgroup 4
(hermetic packages only)
Mechanical shock 2002 | Test condition B; 1500 G - 0.5 ms - 5 blows in each 15
of the 6 orientations - non operating.
Vibration, variable frequency 2007 Test condition A; 20 G - 3 orientations - F = 20 to
2000 cps; four 4 minutes cycles, 48 minutes total -
non operating.
Constant acceleration (3) 2001 Test condition E (30000 G), Y1 orientation only.
Seal (1) 1014
a) fine Test condition A1 or IEC 68-2-17 method, test Q,
b) gross Test condition C or IEC 68-2-17 method, test Q.
(Method 2; mineral oil at T = 125°C)
Visual examination Per visual criteria of method 1010 or 1010.
End-point electrical paramet. Key parameters (Table V)
Subgroup 5
Salt atmosphere 1009 | Test condition A; 10 to 50 gr of NaCl per square 15
meter per day for 23 hrs at To= 35°C.
Seal 1014
(hermetic packages only) (1)
a) fine Test condition A1 or IEC 68-2-17 method, test Q,
b) gross Test condition C or IEC 68-2-17 method, test Q.
(Method 2; mineral oil at T = 125°C)
Visual examination Per visual criteria of method 1009.
Subgroup 6
(molded packages only)
Humidity test 85°C/85% RH with bias, t = 1000 hrs. For linear 15
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TABLE IV (continued)

FRRNDRN _MIL STD 8838 ) : Max.
Tests. - v - e e LTPD Acc;
Method | = W Conditions . v » TNe
Subgroup 7
(hermetic packages only) X
Internal water-vapor content 1018 | Dew point method-procedure 3 (5000 ppm max) 03fd.(|=,vaces
ailure or
5 devices
1 failure (4)
Subgroup 8
Adhesion of lead finish 2025 15 2

(1) Metal can packages: according to |EC 68-2-17 tests Q,c and Q..
Ceramic packages : according to MIL-STD-883B method 1014,

(2) Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (I.E.
wherever frit séal establishes hermeticity or package integrity).

(3) 20000-G for packages with cavity perimeter of 2 inches or more and/or with a mass of 5 grams or more.

(4) Test three devices; if one fails, test two additional devices with no failure. At the manufacturer’s option, if the initial
test sample (I.E. 3 or 5 devices) fails a second complete sample may be tested at an alternative laboratory that has
been issued suitability by the qualifying activity. If this sample passes the Iot shall be accepted provided the devices
and data from both submissions is submitted to the qualifying activity along with five additional devices from the
same lot.

(#) For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents.

Post test end point

When conducting reliability tests, the definition of the failure, i.e. the determination whether a semicon-
ductor device is good or bad by means of a precisely established failure criteria is required.

Thus care must be taken establishing failure criteria items, since results of failure assessment will depend
on such criteria.

During the internal qualification phase, at the various steps of each life and environmental tests, an
electrical characterization with electrical parameters recording and A calculation on all the samples
involved is performed.

On the other hand, on the running products the electrical measurements at the end of the reliability tests
are performed according to the data sheets and parameters recording on all failed devices is required.
Table V gives a list of basic failure criteria

TABLE V

Voltage Regulator

Reference voltage Vet *10% spec. limit

Quiescent current drain Iy +20% spec. limit

Load regulation AV, +20% spec. limit

Operational Amplifier

Input offset voltage VI + 20% spec. limit

Voltage gain (closed loop) G, +20% spec. limit

Audio Amplifier

Quiescent output voltage Vo + 10% spec. limit

Output power (d = 10%) Py - 10% spec. limit

Input resistance R; - 20% spec. limit

Quiescent current drain lg + 25% spec. limit or
+ 100% initial value whichever is greater

Other Linear I.C. All other end points parameters shall be referred
to our internal programs.
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Sample size code letters (group A tests)

2 to 8 A A A A A A 8
9 to 15 A A A A A 8 C
16 to 25 A A B B B Cc D
26 to 50 A B B Cc Cc D E
51 to 90 B B C (o] C E F
91 to 150 B B Cc D D F G
151 t0 280 B C D E E G
281 to 500 B C D E F H J
501 to 1200 Cc C E F G J K
1201 to 3200 C D E G H K L
3201 to 10000 C D F G J L M
10001 to 35000 Cc D F H K M N
hY
35001 to 150000 D E G J L N P
150001 to 500000 D E G J M P Q
500001 and  over D E H N Q R

Single sampling plans for normal inspection (group A tests)

7 8101114 15(2122(30 31

10 11{14 16|21 22|30 31144 45

0w
0w

]

]

]

]

]

|
=
—
K
oo
ane
-
eoa
FR

3 4|5 6|7 141521 22| 30 31|44 45| <~
D 8 o 1|1 12|23 34|55 6|7 8fi011]1415|2122[3031 4445/\r
E 13 01 ﬁ@ 12/23 4| 5 6| 7 810111415 [2122|303144 45| <~
F 20 01 {3|12|23(34 7 8101114152122 |2 [ |4

L1202 3] 3 4f5 6|7 8f1011]1415[21 22|~
2|2 3[3 4|5 6|7 8[1011[1415(21 22| (
3|3 4[5 6|7 8101114152122 T

G | a2 o1 | T
H | s0 o 1|17 N&1
L)1 22

K | 126 \701{} 112|233 4|5 6|7 8[{1011|1415(2122
L | 200 Lo | Tr N |1 2|2 3|3 4|5 6|7 8fio11]|1a1sfor 22

M | 315 ,,01‘{}612 2 3|3 4|56|7 8[1011[1415]|2122

N | 500 [Lolo 1|33 |1 2233 4|5 6]7 sliorn|ashrz

Pl soofd b0 1|1 |LL |1 2]23(3 4|5 6|7 8l0mf1a15|2122

Q {1250( 0 1 "‘FQ 12(23[34 7 81011 |14 15[21 22

R2000H_}12 23]34;56|78 011F4|521ZZH

Double and multiple sampling plan  inspection may be used.
= Use first sampling plan below arrow. If sample size equals, or exceeds, lot or batch size, do 100 percent inspection.
43 = Use first sampling plan above arrow.
Ac = Acceptance number.
Rc = Rejection number,
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T

Sampling plan for “LTPD’" Method (group B and C tests)
(as presented in MIL-S-19500E. MIL-STD-883, NEPR 61, and similar specifications).

Poisson sampling plans for lot sizes greater than 200.
Minimum size of sample to be tested to assure, with 90 percent confidence, a lot tolerance
percent defective or A no greater than the LTPD specified.

Max. Percent

Defective 50 30 20 15 10 7 5 3 2 1.5 1 0.7 0.5 03 0.2 0.15 0.1
(LTPD) or A
Acceptance
Number (a) Minimum Sample Sizes |
(r=a+1) L
0 5 8 1 15 22 32 45 76 | 116 153 231| 328 461 767 | 1152| 1534 2303
(1.03) |(0.64)|(0.46) | (0.34)[(0.23) | (0.16) | (0.11)|(0.07) {(0.04)| (0.03)} (0.02)| (0.02)| (0.01){(0.007) {(0.005)}(0.003)|(0.002)

3 8 13 18 25 38 55 77 129 | 195 258 390| 555 778 | 1296 | 1946| 2592 3891
(4.4) | (2.7)] (2.0) | (1.4) |(0.94) | (0.65) | (0.46)|(0.28) |(0.18)| (0.14)| (0.09)| (0.06)|(0.045)|(0.027) |(0.018){(0.013){(0.009)
2 1 18 25 34 52 75 105 176 | 266 354 533| 759 | 1065 | 1773 | 2662| 3547 | 5323
(7.4) | (45) | (3.4) | (2.24)| (1.6) | (1.1) | (0.78)|(0.47) |(0.31)| (0.23)f (0.15)] (0.11)|(0.080){(0.045) |(0.031){(0.022)((0.015)
3 13 22 32 43 65 94 132 221 | 333 444 668| 953 | 1337 | 2226 | 3341| 4452| 6681
(105) | (6.2) | (4.4) | (3.2) | (2.1) | (1.5) | (1.0) |(0.62) [(0.41)| (0.31)] (0.20)| (0.14}| (0.10) [(0.062) |(0.041)|(0.031)|(0.018)
4 16 27 38 52 78 113 | 158 265 | 398 531 798| 1140 | 1599 | 2663 | 3997| 5327 | 7994
(12.3) | (7.3) | (6.3) | (3.9) | (2.6) | (1.8) | (1.3) |(0.75) |(0.50)| (0.37)f (0.25)| (0.17)| (0.12)|(0.074) |(0.049){(0.037)(0.025)
5 19 31 45 60 91 131 184 308 | 462 617 927| 1323 | 1855 | 3090 | 4638| 6181| 9275
(13.8) | (8.4) | (6.0) | (4.4)] (29) | (2.0) | (1.4) |(0.85) |(0.57)] (0.42){ (0.28)| (0.20)| (0.14) |(0.085) |(0.056)(0.042)(0.028)
6 21 35 51 68 | 104 149 | 209 349 | 528 700 | 1054| 1503 | 2107 | 3509 | 5267 7019| 10533
(16.6) | (9.4) | (6.6) | (4.9)| (3.2) | (2.2) | (1.6) {(0.94) |(0.62)| (0.47)] (0.31)| (0.22)|(0.155){(0.093) (0.062)|(0.047)}(0.031)
7 24 39 57 77 | 116 166 234 390 | 589 783 | 1178 1680 | 2355 | 3922 | 5886| 7845|11771
(16.6) | (10.2)] (7.2) | (5.3)| (35) | (2.4) | (1.7) | (1.0) [(0.67)| (0.51)f (0.34)] (0.24)(0.17) {(0.101) |(0.067)[(0.051)((0.034)
8 26 43 63 85 | 128 184 | 258 431 | 648 864 | 1300 1854 | 2599 | 4329 | 6498| 8660 | 12995
(18.1) |(10.9)] (7.7) | (5.6) | (3.7) | (2.6) | (1.8) | (1.1) [(0.72)| (0.54){ (0.36)| (0.25)(0.18) |(0.108) |(0.072)}(0.054)(0.036)
9 28 47 69 93 | 140 201 282 471 | 709 945 | 1421 2027 | 2842 | 4733 | 7103| 9468 | 14206
(19.4) 1(11.5)) (8.1) | (6.0 | (3.9) | (2.7) | (1.9) | (1.2) [(0.77)| (0.58)| (0.38)| (0.27)((0.19) |(0.114) }(0.077)|(0.057){(0.038)
10 31 51 75 100 | 152 218 | 306 511 770 | 1026 | 1541| 2199 | 3082 | 5133 | 770410268 | 15407
(19.9) |{12.1)] (8.4) | (6.3) | (4.1) | (2.9) | (2.0) | (1.2) |(0.80)( (0.60)f (0.40)| (0.28)|(0.20) |(0.120) |(0.080)|(0.060)|(0.040)
1 33 54 83 111 | 166 238 | 332 555 | 832 | 1109 | 1664| 2378 | 3323 | 5546 | 8319/ 11092 | 16638
(21.0) |(12.8)| (8.3) | (6.2) | (42) | (29) | (2.1) | {1.2) |(0.83) (0.62) [ (0.42)| (0.29)(0.21) | (0.12) |(0.083)|(0.062)(0.042)
12 36 59 89 119 | 178 254 356 594 | 890 | 1187 | 1781| 2544 | 3562 | 5936 | 8904| 11872 17808
(21.4) |1(13.0)| (8.6) | (6.5) | (4.3) | (3.00 | (2.2) | (1.3) |(0.86) (0.65) [ (0.43)| (0.3) [(0.22) | (0.13) |(0.086)|(0.065)(0.043)
13 38 63 95 126 | 190 271 379 632 | 948 | 1264 | 1896 2709 | 3793 | 6321 | 9482 12643 | 18964
(22.3) |(13.4)] (89) | (6.7) | (45) | (3.1) [(2.26) | (1.3) |(0.89)| (0.67) | (0.44)| (0.31)(0.22) |(0.134) }(0.089)}(0.067)(0.045)
14 40 67 101 134 | 201 288 | 403 672 | 1007 | 1343 | 2015| 2878 | 4029 | 6716 | 10073| 13431 | 20146
(23.1) 1(13.8)] (9.2) | (6.9) | (4.6) | (3.2) | (2.3) | (1.4) [(0.92)| (0.69) | (0.46)| (0.32)((0.23) |(0.138) |(0.092)|(0.069)|(0.046) |
15 43 71 107 142 | 213 305 426 711 | 1066 1422 | 2133| 3046 | 4265 | 7108 | 10662 14216 21324
(23.3) |(14.1)| (9.4) | (7.1) | (4.7) | (3.3) |(2.36) [(1.41) [(0.94)] (0.71) | (0.47)| (0.33)[(0.235)|(0.141) |(0.094){(0.070){(0.047) ‘
16 45 74 112 150 | 225 321 450 750 {1124 1499 | 2249| 3212 | 4497 | 7496 | 11244| 14992 | 22487
(24.1) |(14.6)] (9.7) | (7.2) | (4.8) |(3.37) [(2.41) [(1.44) |(0.96)( (0.72) | (0.48)[(0.337) | (0.241){(0.144) |(0.096)((0.072)|(0.048) i
17 47 79 118 158 | 236 338 | 473 788 | 1182 | 1576 | 2364| 3377 | 4728 | 7880 | 11819| 15759 | 23639
(24.7) |(14.7)|(9.86) | (7.36)|(4.93) | (3.44) | (2.46) |(1.48) | (0.98) (0.74) | (0.49)|(0.334) | (0.246)|(0.148) |(0.098)|(0.074)((0.049) ‘
18 50 83 | 124 165 | 248 354 | 496 826 | 1239 | 1652 | 2478| 3540 | 4956 | 8260 | 12390| 16520 | 24780 !
(24.9) 1(15.0)(10.0) | (7.54)|(56.02) | (3.51) |(2.51) |(1.51) | (1.0) [ (0.75) | (0.50)((0.351) | (0.251){(0.151) |(0.100)|(0.075)|(0.050)
19 52 86 | 130 173 | 259 370 | 518 864 |1296 | 1728 | 2591| 3702 | 5183 | 8638 | 12957| 17276 25914
(25.5) |(15.4)|(10.2) | (7.76)|(5.12) | (3.58) |(2.56) | (1.53) |(1.02)| (0.77) | (0.52)|(0.358) | (0.256)|(0.153) |(0.102)}(0.077){(0.051)
20 54 90 135 180 | 271 386 541 902 |13563 1803 | 2705| 3864 | 5410 | 9017 | 13526| 18034 | 27051 |
(26.1) |(15.6) |(10.4) | (7.82)|(5.19) | (3.65) | (2.60) |(1.56) |(1.04)| (0.78) | (0.52)|(0.364) | (0.260)}(0.156) |(0.104)(0.078)|(0.052) I
26 65 109 | 163 217 | 326 466 | 652 | 1086 |1629 | 2173 | 3259 4656 | 6518 | 10863 | 16295| 21726 | 32589 |
(27.0) | (16.1)[(10.8) | (8.08) [(5.38) | (3.76) | (2.69) |(1.61) [(1.08)[(0.807){(0.538){ (0.376) |(0.269)|(0.161) |(0.108)|(0.081)(0.054) ‘
Notes: |

The life test failure rate lambda A shall be defined as the LTPD per 1000 hours.
The minimum quality (approximate AQL) required to accept (on the average) 19 of 20 iots is shown in parenthesis for information only.
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Conversion between LTPD and AOL Systems

The following table gives a practical method for conversion between the two systems. This conversion is
applicable for lot sizes used in practice.
The table has been recommended by the IEC.

AQL 0.10 | 0.15 | 0.25 0.40 0.65 1.0 1.5 25 4.0 6.5

LTPD 0.7 1.0 2.0 3 5 7 10 20 30 50

AQL and LTPD definitions

The availability of suitable sampling plan in various military specifications has led to a general use of
AQL and LTPD plans.

The assumptions of a certain sample size (n) and of an acceptance number (c) together with the use of

typical distributions (Binomial and Poisson) generate an Operating Characteristic Curve (OC) as shown
in fig. 10.

Fig. 10 - Probability of lot acceptance vs. percent defective

A= 5% Producer’s risk
B = 10% Customer’s risk

2 3 4 5 3 7 10 p(h)

$.5394

The AQL (Acceptable Quality level) is the percentage of defects defined at about 95% probability of lot
acceptance, while the LTPD (Lot tolerance percent defective) is the percentage of defects defined at the
10% probability of acceptance.

In other words a sampling plan with 1% AQL passes (accepts) lots will 1% defective about 95% of the
time and when a sampling plan with 5% LTPD is used a lot which is trully 5% defective is rejected 90%
of the time.

The AQL points defines the Producer’s Risk of rejecting a good lot (~ 5%) while the LTPD point defines
the Consumer’s Risk of accepting a bad lot (10%).
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DATA SHEETS
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LINEAR INTEGRATED CIRCUIT

TRIAC/SCR PHASE CONTROL

The L 120A is a monolithic integrated circuit in 16-lead dual in-line plastic package. It incorporates the
following functions:

— AC supply 50/60 Hz

— Zero-voltage and zero-current detector

— Ramp generator

— Inhibition of casual firing pulses

— Stabilization of the internal positive DC supply
— High gain operational amplifier

— Output short-circuit protection

The L 120A is intended for use as a phase controller in industrial and consumer applications.

ABSOLUTE MAXIMUM RATINGS

lg AC peak supply current 60 mA
l1a Max input current {(pin 14) 20 mA
Ip1, Ip2  Input diodes peak current 1 A
Vg.12 Positive clamp voltage 15 \Y
Vio0-12 Negative clamp voltage 15 \Y
Vio Differential input voltage 7 \%
Vi Differential input voltage + 8 \
Piot Total power dissipation at T,,,= 85°C ) 800 mwW
Tty Storage temperature -55 to 150 °C
Top Operating junction temperature -25 to 150 °C

ORDERING NUMBER: L 120AB

MECHANICAL DATA Dimensions in mm

6/82 34



CONNECTION DIAGRAM (top view)

RAMP  VOLTAGE
AMPLIFIER OUTPUT

NON INV. AMPLIF INPUT

DC REFERENCE VOLTAGE [] 4
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POSITIVE RECTIFIER SUPPLY[] 8

BLOCK DIAGRAM
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TEST CIRCUIT

82KQ O
0.01uF 2o ~ 220V
1l =M
1] O
100k0)| 18V | Rg=6.8kn/7W
16 15 14 13 12 n 10 9
L 120A (]
1 2 3 4 5 6 7 8
-l- | L T
oInF] 10 10 20 2200F i
KQ KQ K 15V !k
(#)Rg > 1500 ] ‘
Re ) soue0/3

THERMAL DATA

Rth j-amb

Thermal resistance junction-ambient

max

80

°C/W

ELECTRICAL CHARACTERISTICS (T,n,= 25°C, refer to the test circuit unless otherwise

specified)
Parameter Test conditions Min. Typ. Max Unit
Vg_12 Positive clamp voltage 10 1.5 13 \"
V,0-12 Negative clamp voltage 10 11.5 13 \Y
Vg-12 External DC supply
voltage 105 v
Vio-12 External DC supply
voltage -105 v
Vg_12 Sync input threshoid +125
Via-12 Zeraq current threshold +8.8 +10 +11.2
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min Typ. Max. Unit
Vio-14 Zero current threshold
Vg_14 1.2 Y]
14 Operative input current 0.4 mA
to avoid inibition (pin 14)
Vi_io Ramp discharge level 1.1 \%
Vioiz Maximum ramp level 7.2 \
Vioo Comparat.differential trigger level 70 100 mV
G Amplifier voltage gain V5 (peak to peak) = 6V
v (open loop) 60 70 dB
Vao13 Max output voltage 7 v
Vo_13 Min output voltage 0.9 \
V3_13, Input offset voltage R3_13= R5-13=50Q 3 6 mv
Vs-13
Iy Input bias current (pin 3, 5) 0.1 1 uA
Va5 Differential input voltage + \V;
Vi3_13, Input voltage range 05 75 \
Vs-13
CMR Common mode rejection R3.13= R5.13 < 1kQ 60 dB
Vg-13 Regulator output voltage 8.3 95 \
le Max regulator output current 3 mA
—A\—/Xﬁ— Load regulation lg=0to 3mA 05 2 %
6
AVe Line regulation Vg=12t014V Ig=0 46 dB
AVg
SVR Supply voltage rejection Vg=12V fripple= B0 Hz
8 ripp
Vyippie (Peak to peak)= 4V 46 dB
Vg Reference voltage I =10 uA 1.5 v
V7_12 Firing pulse amplitude positive 45 5.5 \%
R7_12= 1k
negative 8 9.5 \"
17 Maximum output current Ry_10=10Q 80 mA
tow Output pulse width 200 us
R7_12= 500
ty Output pulse rise time 200 ns

38




Fig. 1 - Peak supply current
vs. dropping resistor Rg

G-£397

Fig. 2 - Maximum allowable
average supply current vs.
ambient temperature

Fig. 3 - Gate pulse ampli-
tude vs. gate resistance

61303

A:POSITIVE GATE PULSE

=

B:NEGATIVE GATE PULSE

=

15 T Is
(ma) ; (mA)
ol W\ AVAY n
WA .
SIS\
S0
\\:\\
% ‘\ s ~ T @
! 215%
! -15% nd »
20 § ‘
| I 20
0 ¢ 0
]
2 4 6 8 10 Rg(KD)
Fig. 4 - Gate current vari- Fig. 5 - Gate
ation vs. ambient
perature
alg
(ma)
20
10
™
[
N
™~
-10
-20
-30

0__’/

30 50 70 90 Tamb(°C) 1

Fig. 6 - Alternative system for reduction of power dissipation

47KN

1

S

3w

220uF INGOO!
ol

Lal

0.47uF

(250vAr)
L120A .
8
——
IN4OO!
220uF S22

0 9 ] '—_I'_W

Rg (A




APPLICATION INFORMATION
Fig. 7 - Application circuit for AC motor speed regulators
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50Hz

100k Q)
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Fig. 8 - 3 to 30V adjustable power supply with preregulation
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NOTE - For a more detailed descriptioh of the L120A and its applications refer to SGS-

DESIGN NOTE - DN 382.
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LINEAR INTEGRATED CIRCUIT

TRIAC/SCR BURST CONTROL

The L 121A is a monolithic integrated circuit in 16-lead dual in-line plastic package. It incorporates the

following functions:

— AC supply 50/60 Hz

— Zero-voltage detector

— Ramp generator

— Inhibition of casual firing pulses

— Stabilization of the internal positive DC supply

— High gain operational amplifier
— OQOutput short-circuit protection

The L 121A is intended for use as a burst controller in industrial and consumer applications.

ABSOLUTE MAXIMUM RATINGS

lg AC Peak supply current

Ip1, lp2  Input diodes peak current

Via Maximum voltage (pin 14)

Vg.12 Positive clamp voltage

Vio0-12 Negative clamp voltage

Vio Differential input voltage

Vi Differential input voltage )

Piot Total power dissipation at T, = 85°C
Tag Storage temperature

Top Operating junction temperature

7
8
800

+ I+

-55 to 150
-25 to 150

m

< LKL > >

=

m
°Cc

ORDERING NUMBER: L 121AB

MECHANICAL DATA

Dimensions in mm




CONNECTION DIAGRAM (top view)

~y

\J
RAMP  VOLTAGE 0 16 [] CURRENT GENERATOR
AMPLIFIER OUTPUT q 15 [] OUTPUT LOGIC CIRCUIT
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TEST CIRCUIT

O
0.01uF ~J 220V
M 2200F  Rs=6.8K0/7W
1 O
R1 c11-15 !
100K 15v
]
6 15 14 13 12 1 10 9
L 121A f]RL
1 2 3 4 5 & 7 8
L | | L
10uF
OVl o 0 20 220uF
kQ KQ kQ 15V
L J
(%)
(%) R;2150 0 Re  sasaurs
THERMAL DATA
Rith j-amb Thermal resistance junction-ambient max 80 °C/W

ELECTRICAL CHARACTERISTICS (T,,,,= 25°C, refer to the test circuit unless otherwise
specified)

Parameter Test conditions Min. Typ. Max. | Unit
Vg_12 Positive clamp voltage 10 115 13 \%
Vio-12 Negative clamp voltage 10 115 13 \
Vg_12 External DC supply voltage R 10.5 \"
Vio0-12 External DC supply voltage -10.5 \"
Vg-12 Sync input threshold +125 \%

44



ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max Unit
Vig-12 Minimum input voltage (pin 9 open) +25 \%
Vioi2 Ramp discharge level 1.2 \%
Vioi2 Maximum ramp level 5.2 \%
Vi f;t‘)lg;parator differential trigger 70 100 mv
Gy Amplifier voltage gain V, (peak to peak) = 6V 60 70 dB
(open loop)
Voo13 Max output voltage 7 \%
Vao_13 Min output voltage 0.9 Vv
V3_13, Input offset voltage R3_13= R5.33= 500 3 6 mv
Vs-13
lp Input bias current 0.1 1 uA
V3.5 Differential input voltage +7 Vv
V3.13, Input voltage range 05 75 v
5-13
CMR Common mode rejection R3-13= Rs_-33 < 1kQ 60 dB
Vg-13 Regulator output voltage 8.3 9.5 \Y
le Max regulator output current 3 mA
AVVG Load regulation lg=0103mA 05 2 | %
6
AVe Line regulation Vg=12t014V 15=0 46 dB
AVg
SVR Supply voltage rejection Vg =12V frippie= 50 Hz
V/ipple (peak to peak)= 4V 46 dB
Va Reference voltage lg =10uA 15 \
V.12 Firing pulse amplitude positive 45 55 \)
Ry_10=1kQ
negative 8 9.5 \"
I Maximum output current R7.12=10Q 80 mA
w Output pulse width 200 us
Ry_12=509Q
Output pulse rise time 200 ns
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Fig. 1 - Peak supply current
vs. dropping resistor Rg

Fig. 2 - Maximum allowable
average supply current vs.
ambient temperature

Fig. 3- Gate pulse amplitude
vs. gate resistance
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APPLICATION INFORMATION

Fig. 8 - Application circuit for temperature control (proportional type)

001uF

100k0) l——‘

™~ 220-240V
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Fig. 9 - Application circuit for temperature control (ON-OFF type)

O
10nF i
. _|p20wF
il I 68Kn /7w "Y220V)
16 15 14 13 12 1 10
L121A
2 3 4 7
360K 0]
NTC
7RA
15K 0] 3500
1——~ 10k
S~ 405472

47




Fig. 10 - Application circuit for low AC supply voltage (by using pin 14)
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* Protection against overvoltages.
Py : system hysteresis setting
P, : temperature setting

NOTE - For a more detailed description of the L120A and its applications refer to SGS-
DESIGN NOTE - DN 382.
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¥LINEAR INTEGRATED CIRCUIT

HIGH PRECISION VOLTAGE REGULATOR

INPUT VOLTAGE UP TO 40V

OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 37V
POSITIVE OR NEGATIVE SUPPLY OPERATION
SERIES, SHUNT, SWITCHING OR FLOATING OPERATION

OUTPUT CURRENT TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR
ADJUSTABLE CURRENT LIMITING

The L123 is a monolithic integrated programmable voltage regulator, assembled in 14-lead dual in-line
plastic package and 10-lead Metal Can (TO-100 type). The circuit provides internal current limiting.
When the output current excedes 150 mA an external NPN or PNP pass element may be used. Provisions

are made for adjustable current limiting and remote shut-down.

ABSOLUTE MAXIMUM RATINGS L123 L123C

Vi Input voltage 40V 0V

AV, Dropout voltage 40V 40V

lo Qutput current 150 mA 150 mA

et Current from V¢ 15 mA 25 mA

Piot Power dissipation (at T ,,,= 70°C) Plastic DIP - 1w
TO-100 520 mW 520 mW

Top Operating junction temperature -25 to 150 °C 0to70°C

Tstg Storage temperature -65 to 150°C | -65 to 150 °C

MECHANICAL DATA
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CONNECTION DIAGRAM AND ORDERING NUMBERS

(top views)
NC [ 1 % u NC
i currentl ; 12 [JEREQuency
CURRENT
SENSE O SUREENT]]s ] Ve
INVERTING,
INPUT INoERT [le n ] Ve
NON- -
e W s o w
PIN § _ et [ ¢ : ] *
connected to case
Vs [ 7 8 ] NC
5-3663
Type TO-100 Plastic DIP
L123 L123T —
L123C L123CT L123CB
BLOCK DIAGRAM TEST CIRCUIT
(Pin configuration relative to the Plastic package)
INVERT. FREQUENCY
g |Ngur COMPENS V¢ ivi
+Vs. Ve
Vit 2 n‘o
EMP 9
COMPENS. R1
ZENER L123 2
NI 5 3 REGULATED
OuUTPUT
4)
=, — ~T [ Yy
OY
L \1 x V=12V
Vo =5V
[¢) [e) [e) S=38sn lo=1mA
Vret Vs NOI;:I;I&ITERT Ct{mﬁNT Cls.'gngg'f V2 R;//R, < 10KQ
THERMAL DATA ) TO-100 Plastic DIP
Rth j-amb Thermal resistance junction-ambient max 155 °C/W 80 °C/W
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,mp= 25°C unless otherwise

specified)
L123C L123
Parameter Test conditions Unit
Min. | Typ. | Max. | Min.| Typ.| Max.
AVe Line regulation Vi=121to 15V 0.01| 0.1 0.01| 0.1 %
AV Vi=12to0 40V 0.1 ]| 05 0.02| 0.2 %
Vi=121t0 15V;
. 0.3 0.3 %
Tmin < Tamb < Tmax
AVy .
v Load regulation lo =1to50mA 0.03| 0.2 0.03( 0.15| %
o
Tmin < Tamb < Tmax °
lo=1t0 10 mA 0.6 06 %
Vet Reference voltage lrer= 160 uA 68 | 715| 75 [6.95] 7.156| 7.35| V
SVR Ripple rejection f=100 Hz to 10 KHz
Cref= 0 74 74 dB
Cyref=5 uF 86 86 dB
AV ) ppm
AT Output voltage drift 150 150 —c
Ise Short circuit current Rsc= 102 Vo=0 65 65 mA
limiting
Vi Input voltage range 9.5 40 9.5 40 \%
Vo Output voltage range 2 37 2 37 \Y
Vi-Vgo 3 38 3 38 \%
lq Quiescent drain lo =
current Vi =30V 23 4 23 5 mA
%
Long term stability 0.1 0.1 1000
hrs
eN Output noise voltage BW= 100 Hz to 10 KHz
Crer= 0 20 20 nvy
Cyes= 5 uF 25 2.5 wVv
vV, Output zener voltage I =1mA 6.9 7.7 \%
(for plastic package
only)
Note: T, = 0°C (L123C); -25°C (L123).

Tmax= 70°C (L123C); 150°C (L123).
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Fig. 1 - Maximum output Fig. 2 - Current limiting Fig. 3 - Current limiting

current vs. voltage drop characteristics characteristics vs. junction
temperature
G-4434 434017 G-433911
= i = Yo D v23 [ Io
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Fig. 4 - Load regulation Fig. 5 - Load regulation Fig. 6 - Load regulation
characteristics without cur- characteristics with current characteristics with current
rent limiting limiting limiting
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Fig. 7 - Line regulation vs. Fig. 8 - Load regulation vs. Fig. 9 - Quiescent drain cur-
voltage drop voltage drop rent vs. input voltage
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Fig. 10 - Line transient Fig. 11 - Load transient Fig. 12 - Output impedance
response response Vs. frequency
G-4362/) G-L3Ltl)
(?nv\% lJ_rgu vo TAGI (\7; (A,::) LOIAD Icum:lsm :,,I.i; (R:'; -—H@ﬁﬂt -
N :v?i\zv
4 2 8 5 “TRge=0
/ \ ? 1o=50mA
1 =1
2 0 . l \ _Z :_’” +
/ \ :
\&JTPUT VOLTAGE \_~ OUTPUT VOLTAGE 2 I ::
’ \’r * ’ r 01 —
My |V =i
R e FRQRRTYN 4 Ig-40mA ‘
Rsc =0 Rgc= 0
- | -0 l oo~ ; A
5 15 25 t (usec) s 15 25 35 t(umsec) 100 K 10K 100K t (H2)
Table | — Resistor values (K52 ) for standard output voltages
Fixed Output | Output Adjustable Fixed Output | Output Adjustable
Output | Applicable + 5% +10% (°) Output | Applicable + 5% +10% (°)
Voltage Figures Voltage Figures
Ry R, Ry | Py [ R2 Ry R Ry | Pi | Ry
+ 3 13,16,17 | 4.12 3.01 |18 05 1.2 +100 19 3.57 | 102 2.2 10 91
18, 21,23
+5 13,16,17 [ 215 | 499 | 0.75 | 05 | 2.2 +250 19 3.57 | 255 22| 10 | 240
18,21,23
+ 6 13,16,17 | 1.15 | 6.04 | 05 0.5 | 2.7 | -6(°°) 15 357 | 243 12| 05| 0.75
18,21,23
+ 9 14,16,17 | 1.87 7.15 | 0.75 1 2.7 - 9 15 3.48 536| 1.2 | 05 2
18, 21,23
+12 14,16,17 | 487 | 715 | 2 1 3 - 12 15 357 | 845| 12| 05|33
18,21,23
+15 14,16,17 | 787 | 7.15 | 3.3 1 3 - 15 15 3.65 |11.5 12| 05|43
18, 21,23
+28 14,16,17 21 7.15 | 5.6 1 2 - 28 15 357 |243 12| 05 10
18, 21,23
+45 19 3.57 |48.7 22 110 | 39 - 45 20 3.57 {41.2 22| 10 33
+75 19 3.57 |78.7 22 | 10 | 68 -100 20 357 |97.6 22| 10 91
-250 20 3.57 | 249 22| 10 | 240
Note: (°) Replace R;/R; divider with the circuit of fig. 24.
(°°) V+ must be connected to a +3V or greater supply.
Table |11 — Formulae for intermediate output voltages
Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting
Fig. 13,17, 18,21, 23,16 Fig. 19
R \ R, — R v
Vo= [Vier X ﬁ] Vo= [——z—'e—'—x __ZR, L 1:iR;=Ry 'LIMIT=%
O\;tpu]tsAfrom +7 to +37 volts Output from -6 to -250 volts Foldback Current Limiting
ig. 14, 16,17, 18,21, 23 Fig. 15, 20 Vo R Vsense (R3 + Rg)
\ - 1
Vo= [Vrer X _Rx’::*z ] Vo= [ Vzref X RlF‘;Rz 1iRs =R, |'KNEE [ R Ra Rec Ra 1
1

, - Vsense  R3*Ra
sHoRT ckT= [ g X —x—]
sc 4
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APPLICATION INFORMATION (Pin numbers relative to the plastic package)

Fig. 13 - Basic low voltage regulator
(Vo =2 10 7V)

REGULATED
40 outeur

Cret [CI
11 T
o 5w

R1.R2  for minimum

- NOTE: R3 = R1+ R2 temperature drift.

R3 may be eliminated for minimum com-

ponent count.

Typical performance

Regulated Output Voltage . .......... 5V
Line Regulation (AV; =3V) ....... 05 mV
Load Regulation (Alg =50 mA) ....1.5mV

Fig. 15 -~ Negative voltage regulator

C
Sles.
N
7
R 3 T
3K 1 Com) 100pF

Typical performance

Regulated Output Voltage ......... -15V
Line Regulation (AV; =3V) ........ 1mV
Load Regulation (Alg =100 mA) ... .2mV

{ REGULATED
OUTPUT

5-0129

Fig. 14 - Basic high voltage regulator
(Vo =7 to 37V)

12 n
vretl 1] 197
9 =
R3 L1232 CL Rsc REGULAYED
El
!
s nv
[ ICOME vowg
5o
R1:R2 for minimum

NOTE:

R1+ R2 temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . ......... 15V
Line Regulation (AV; =3V) ....... 1.5 mV
Load Regulation (Alo =50 mA) ... .45 mV

Fig. 16 - Positive voltage regulator (External
NPN Pass Transistor)

A 0
[ n
e 10) BFY 56
s
123 2
3
L“..'_; REGULATED
7 13 QUTPUT
-VS_L Comp.

5-4130

Typical performance

Regulated Output Voltage ......... +15V
Line Regulation (AV; =3V) ....... 1.5 mV
Load Regulation (Alg = 1A) ...... 15 mV
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APPLICATION INFORMATION (continued)

Fig. 17 - Positive voltage regulator (External
PNP Pass Transistor)

o
r T
VSL VC&""“@# ;:45001
ku 6‘2 "\OVLV'
NP
M| wvas 2 5‘—%—#%
T sfes Rsc
e T T
c,,¢$ iaz v Jco
‘ —— — I s ¥
Typical performance
Regulated Output Voltage .......... +5V
Line Regulation (AV; =3V) .. ..... 0.5 mV
Load Regulation (Alg =1A) ....... 5mV
Fig. 19 - Positive floating regulator
2N5286
sovd
( REGULATED
ouTtPUT
-4 —om
Typical performance
Regulated Output Voltage ........ +100V
Line Regulation (AV; =20V) ...... 15 mV
Load Regulation (Alg =50 mA) .. ..20 mV

Fig. 18 - Foldback current limiting

Veetf 12 M | v, Rsc REGULATED
PUT

Typical performance

Regulated Output Voltage .. ........ +5V
Line Regulation (AV; =3V) ....... 0.5 mV
Load Regulation (Alg =10 mA) . .. .. 1mV
Current LimitKnee . . .. ......... 20 mA
Fig. 20 - Negative floating regulator
]
) |
N i REGULATED

Typical performance
Regulated Output Voltage ........ -100V
Line Regulation (AV; =20V) ...... 30 mV
Load Regulation (Alg = 100 mA) . . .20 mV
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APPLICATION INFORMATION (continued)

Fig. 21 - Positive switching regulator

I)o,uf

Typical performance

Regulated Qutputvoltage . . . ... ..... +5V
Line Regulation (AV; =30V) ...... 10 mV
Load Regulation (Alg =2A) ...... 80 mV
Fig. 23 - Shunt regulator
el T e
R1 L23 92 s
Cret| éﬂz TV; -‘Eomp
I¥ls .
Typical perfbrmance
Regulated Output Voltage . ... ... .. .45V
Line Regulation (AV; =10V) .......2mV
5mV

Load Regulation (Alg = 100 mA) . . ..

Fig. 22 - Remote shutdown regulator with
current limiting

Typical performance

Regulated Output Voltage .......... +5V
Line Regulation (AV; =3V) ....... 0.5 mV
Load Regulation (Alg =50 mA) ... .15 mV

NOTE: Current limit transistor may be used for
shutdown if current limiting is not required.

Fig. 24 - Output voltage adjust

R2 P1 R1
—{/—— 33—

L S-4202
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LINEAR INTEGRATED CIRCUIT

HIGH PRECISION HIGH VOLTAGE REGULATOR

INPUT VOLTAGE UP TO 80V

OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 77V

POSITIVE OR NEGATIVE SUPPLY OPERATION

SERIES, SHUNT, SWITCHING OR FLOATING OPERATION

OUTPUT CURRENT UP TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR
ADJUSTABLE CURRENT LIMITING

THERMAL PROTECTION

The L146 is a monolithic integrated programmable voltage regulator in 14-lead dual in-line plastic
package and 10-lead Metal Can (TO-100 type). It is made with high voltage technology and provides
internal current limiting and thermal shut down protection; when current exceeds 150 mA an external
NPN or PNP pass element may be used. Provisions are made for adjustable current limiting and remote
shut down. The L146 is intended to widen the application range of L123 up to 80V.

ABSOLUTE MAXIMUM RATINGS

Vi Input voltage . 80 \Y
V-V, Voltage drop 78 \
lo Output current 150 mA
|res Current from V ¢ 8 mA
P,y - Power dissipation (at T,,,= 70°C) Plastic DIP 1 w
TO-100 520 mW

Top Operating junction temperature L146 -25to+ 85 °C
L146C Oto +70 °C

Tetg Storage temperature -65 to +150 °C

MECHANICAL DATA Dimensions in mm

iz



CONNECTION DIAGRAMS

(top view)
NC 1 N ] NC
CURRENT 2 13 ]FREQUENCV
CURRENT LIMIT COMP
LMIT
cuRReNT el '2] Vs
INVERTING o™ [l n ] v
~ NON- E Y
Mo wiewr [ls of %
Vret [ 3 9 D Vz
Commected to case ' -V [ 7 8 J NC
=
Type TO-100 Plastic DIP
L146 L146 T
L146 C L146 CT L146 CB
BLOCK DIAGRAM
INVERT. FREQUENCY
DA INPUT COMPENS. V¢
) e}
THERMAL
PROTECTION
ERROR 1~ SERIES PASS
AMPL. '\ TRANSISTORS
¥ o
x
() [e) [e) S-3664/1
Viet Vs  NON-INVERT. CURRENT CURRENT Vg
INPUT LiMIT SENSE
THERMAL DATA TO-100 | Plastic DIP
Rin j-amb  Thermal resistance junction-ambient max 155°C/W 80°C/W
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SCHEMATIC DIAGRAM (pin number relative to the plastic package)

EO *Vg
R1 R3 RN R4 e Ve
of o a3 a9 N
’_'<f‘ a7
R2
R4 ] R17
Qs
Qi
Q7 Q10 R18
05 v,
R6 o
R9 *& 03
1 ——_BOVZ *
02 Qs an
“ e 13- FREQUENCY
R7 COMPENS.
Q1 > RS
ae RIS 2. CURRENT
iIR}O R12 R13 Q]G)__r:’~_._o o
R8
3~ CURRENT
- S-3665 SENSE
PLASTIC DI 3 5 4 B
* ONLY IN PLASTIC DIP o O
Vref NON-INVERT -Vs  INVERT.
INPUT INPUT
TEST CIRCUIT
Vi
A Ve
V. 12 n v,
reffe 10he
sjz
R1
L1462
SLEE P 3 REGULATED
OUTPUT
4
Cref R2 7 13
lComp
100pF S-3666/1
P V, =12V
Vo= BV I,=1mA
Rl//Rz < 10K
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tymp= 25°C unless otherwise

specified)
L146C L146
Parameter Test conditions Unit
Min.| Typ. |Max. | Min. | Typ. | Max
AVo Line regulation Vi=1210 15V 0.05 |0.15 0.05| 0.15
Vo V;=12to 40V 0.1 |05 0.1 |02 %
V; =40 to 80V 0.1 |05 0.1 [ 0.2
AVo Load regulation V=12V Vo =5V
v, Io = 1to0 50 mA o 0.03 | 0.2 0.03|0.15| %
V; =40V Vo =37V
|0'= 1t0 10 mA 0.1 | 05 0.1 | 03 %
V; =80V Vo =77V
IOI=1to10rnA° 0.12 | 0.8 0.12| 05 %
Vyef Reference voltage lres= 160 uA 7.75| 8.15 (855 | 7.9 | 8.15| 8.4 \
AV et lyes= 160 uA to 5 mA 4 14 4 14 | mV
SVR Ripple rejection f =100 Hz to 10 KHz
Crer=0 60 60 dB
Cref=5 uF 88 88
AVq . ppM
AT Output voltage drift 150 150 °C
lsc Short circuit current Rge= 102 Vo=0 50 60 70 50 | 60 70 | mA
limiting
Vi Input voltage range 10 80 10 80 \"
Vo Output voltage range 2 77 2 77
Vi-Vg Voltage drop- 3 78 3 78
lg* Quiescent drain current lo=0 Vo =5V
(including | o= 160 pA)
V=12V 4 5.5 4 55
V=40V 5.6 7 5.6 7 mA
V=80V 6 7.5 6 75
Alg Quiescent drain current | 1,=1 mA V=12 to 40V 2.2 1.6 | mA
change Vo=5V
Vi=121t0 80V 2.6 2 mA
%
Long term stability 0.1 0.1 7000
hrs | -
en Output noise voltage BW = 100 Hz to 10 KHz
Cref=0 300 300 nY
Cref=5 uF ~ 30 30
V, Output zener voltage 1= 1 mA 6.9 7.7 \"
(for plastic package only)
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Fig. 1 - Maximum output

current vs. voltage drop

Fig. 2 - Load regulation vs.
output current (with cur-
rent limiting)

Sedeen
: sel T
T ()
L : ] Vo =5V
Vi =12V
| o g R =100
NG R
s =% N
B ™ -0 N \
“ ~d ~ N \\\
. N SO \ N
METAL CAN -02 _gge
0 N5
s H ~\-Tamb=25°C
. s AN
. Nl 125°C
' L[
! 2 “ 6 8 2 L) -0.4
1 10 Vi-vo(V) 0 20 %0 60 80 lo(mA)

Fig. 4 - Load regulation vs.

Fig. 5 - Current limiting

output current (without characteristics
current limiting) i PR
u u :
o | W)
— - — Tamb= 0°C
T L 5 N
P
o1 20 — ¢ Tamb=70°C
w1 o
3
-02 2
L_vi=12v
Rec =100
' l
-03 Hl
0 20 40 60 80 Io(mA) 0 20 P 60 80 100 IotmA)
Fig. 7 - Line transient Fig. 8 - Load transient
response response
s 6-e3011
s " m avy T T alo
I INPUT VOLTAGE/ (mV) /LC AD_CURRENT (mA)
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/ i \ .
2 0 4 -5
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X\ ~S—Joureur vourace
o \S o
- ‘\Z:"fzﬂ: Viz12v VI T
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RSCTO Rgc= 0
-4 | -8
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Fig. 3 - Load regulation vs.
output current (with current
limiting)
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Fig. 6 - Current limiting
characteristics vs. junction
temperature
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Table | -- Resistor values (Ks2) for standard output voltage

Positi Fixed output Negati ) Fixed output
°‘t' e Applicable + 5% egative Applicable + 5%
3:“”“ figures oult‘put figures
age R, R, voltage R, R,
+6 10,13, 14 2.4 6.8 -9 2.2 2.7
18, 20
+12 32 6.8 -12 15 3
12
+ -30 4.7
30 11,13, 14, 15 5.6 30
15, 18, 20
+50 24 47 50 2.7 30
+70 30 39
-100 2 47
+100 2.7 68 17 3
16 -250 2 120
+250 4.7 120

Table 11 — Formulae for intermediate output voltages

Outputs from +2 to +7 volts
Fig. 10, 13, 14, 15, 18, 20
R2

Vout= [Vrer X W]

Outputs from +4 to +250 volts
Fig. 16

VReF 2— Ry

Vour= [ )

*Rl—‘liﬂf Ra

Current Limiting

Vsense

ILimim = Roc

OQutputs from +7 to +77 volts
Fig. 11,13, 14, 15,18, 20
1+ Ry

R
Vout = [Vrer X R—Z]

Output from -6 to -250 volts

Fig. 12,17
Vour= [REF x RitR2
2 Ry

' R3=Ry4

Iknee = |

IsHoRT ckT= [

Foldback Current Limiting
Vout R , Vsense (R3+Ra ]
Rsc Ra Rsc Ra

VSENSE R3+R4]
Rsc Ra
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APPLICATION CIRCUITS (continued)

Fig. 10 - Basic low voltage regulator
(Vour=2t07V)

Vi

N sfes- REGULATED
s ' ouTPUT
oo

Cret R2 7 3
Il T
100pF 5366611

for minimum

NOTE: R3=—H1H2 A
temperature drift.

R1 + R2

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . .......... 5V
Line Regulation (AV; =3V) . ...... 0.5 mV
Load Regulation (Aly =50 mA) ....1.5mV

Fig. 12 - Negative voltage regulator

r 7@' ["c hPS \
Veet[ 12 n' vo [YJZK[)_\
oz 4 Fx39
e Dnz L146 zi5 QB ’
‘ Jles ‘
i 7 7 \JL QVL' !
mal) L] ome Toer|
— O i
Typical performance
Regulated Output Voltage ......... +15V
Line Regulation (AV; =3V) ....... 15mV
Load Regulation (Al, =1A) ...... 15 mV

Fig. 11 - Basic high voltage regulator
(Vout=7 to 77V)

REGULATED
ouTPUT

5-366711

R1-R2
R1 +R2

for minimum

NOTE: R3= temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . ......... 15V
Line Regulation (AV; =3V) .. ... .. 1.5 mV
Load Regulation (Al, =50 mA) ... .45 mV

Fig. 13 - Positive voltage regulator (External
NPN Pass Transistor)

A 7
veer | 17T T
“e wof? BFV 56
st R
cL (KA e
RV S s TP
Jles s
N i v L REGULATED
o e T Touteur
Vg Comp R
et ¢ -
500pF -

Typical performance
Regulated Output Voltage . ......... 15V
Line Regulation (AV, =3V) ........ 1 mV
Load Regulation (Al, = 100 mA)




APPLICATION CIRCUITS (continued)

Fig. 14 - Positive voltage regulator (External
PNP Pass Transistor)

R3
600
i
vo| veh—-
el TC 2N5001
Veet| 12T o
Vet -
9 &
cL ko
R [RPA A S —
3[¢5 Rsc
s B REGULATED
‘L 7 13 OUTPUT
Rz |-Vs -EOMP.
c c1
ret I‘F
s- 420211

Typical performance

Regulated Output Voltage .......... +5V
Line Regulation (AV; =3V) ....... 0.5 mV
Load Regulation (Al =1A) . . ... ... 5mV
Fig. 16 - Positive floating regulator
=
i s 2N5286
kel | e o
!— Wil rs RNZI j,:mF-:Jc
[ I 1 T REGULATED
- - OuUTPUT
Typical performance
Regulated Output Voltage ........ +100V
Line Regulation (AV,;=20V) ...... 15 mV
Load Regulation (Al, =50 mA) ....20 mV

Fig. 15 - Foldback current limiting

Vret REGULATED

ouTPUT
R1

Cref

R2
I s

5 4i99n

Typical performance

Regulated Output Voltage .......... +5V
Line Regulation (AV; =3V) ....... 0.5 mV
Load Regulation (Al, = 10mA) ... .. 1 mVv
Current LimitKnee . . . ... ....... 20 mA

Fig. 17 - Negative floating regulator

RS
10K Vret

o | OB

NI

R R4l |15
KO

REGULATED
5_“"' OuUTPUT
Typical performance
Regulated Output Voltage ........ -100V
Line Regulation (AV; =20V) ...... 30 mV

Load Regulation (Alg = 100 mA) .. .20 mV
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APPLICATION CIRCUITS (continued)

Fig. 18 - Positive switching regulator

12mH
REGULATED
ouTPut

2

-_||-oo~r

Typical performance

Regulated Output Voltage . ......... +bV
Line Regulation (AV; =30V) ...... 10 mV
Load Regulation (Al, =2A) .. ..... 80 mA

Fig. 20 - Shunt regulator

Vi

0
w ﬁm
R3

1005
Veet| 12T Wy REGULATED
]l op T T oUTRUT
2
9 8FY
. Jood 56
R1 L1446 2 f—
sles
s B
7 .3
T
-V, Comp
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Typical performance

Regulated Output Voltage . ......... +5V
Line Regulation (AV; = 10V)
Load Regulation (Al, =100 mA) ....5mV

Fig. 19 - Remote shutdown regulator with
current limiting

vy
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Veeef 12T Vo Rsc REGULATED
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5. 198

Typical performance

Regulated Output Voltage . .......... 5V
Line Regulation (AV;=3V) ........ 0.5V
Load Regulation (Al, =50 mA) ....1.5m

NOTE: Current limit transistor may be used for
shutdown if current limiting is not required.
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APPLICATION CIRCUITS (continued)

Fig.21 - 60V voltage regulator with foldback characteristic Fig. 22
. ces
)
+70V
O1uF
12
v Ve 60 7
12 1 10— BD709
Yo ke 45 //
2
7 L146 L Re 4
r Rrs| |390 R3| |47 30 A
Ko J
6 5 13 43k 60V 7
retfl N NeC e 51Kk |R1 02 15
INF h
68K 100pF
22 uF R2| |8.2KQ 0 01 02 03 04 0.5 Ig(A)
I $-3668
R
Vo 44 Vi, 3

R \% R ~
I, = S . I, = 2-3 (1 + 4 . V2_3 =0.7V
2 R : 17 TR Rs

sc sc 5

Fig. 23 - Motor speed control

0IuF
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Vs Ve
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M = BK 6901.36 LENCO
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2.2k0
R2| |44,
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10 A : 3000 RPM R. Bl _R
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S-3669
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APPLICATION CIRCUITS (continued)

Fig.24-Step-down switching regulator for 12V car radio  Performance:

Outputvoltage . . .. ... .......... 13.5Vv
JimH Max outputcurrent... . . . ... ... ... ... 3A
BOX 54 V =13.5V
Vi A 1.7,uF ° Inputvoltagerange . . . . . ........ 20 to 30V
zzo“EE 150.0. X w72 Line regulation . . . .. 50 dB (lo=2A) AV;= 10V
e Ve Load regulation. . . ... ..... 0.1% (Alo=3A)
L146 2 i Ripple . . . ................ 100 mVpp
Efficiency . ... ............ 75% (1,= 3A)
Veet - Switching frequency . . . ... ... ..., 25 KHz
6| 5| 4 7 10
Vref nii fii . Vo
——
K Unoon
680KA
LIKA
—(_1
R
RZHG.BKQ
S-4185/3

Fig. 25 - 30W motor speed regulator with tacho adjustment and speed change-over switch
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[AVT]3
f“— BD710
VS vC
12 n
L146 10
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A
refl Nu| L) GN_LEFZ'“nF

0.IuF
™M
100K 0 : Alﬂ—{h
4I0F 1 3 RS C3
O
2 Inf

k4

s

s MOTOR
s

- S- 4186/

NOTE - For a more detailed description of the L7146 and its applications, refer to SGS-
TECHNICAL NOTE TN.150.
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LINEAR INTEGRATED CIRCUIT

MONOLITHIC HIGH GAIN POWER OUTPUT STAGE

The L149 is a general purpose power booster in Pentawatt ® package consisting of a quasi-complemen-
tary darlingtons output stage with the associated biasing system and inhibit facility.
The circuit features are:

— High output current (4A peak) — Short circuit protection
-~ High current gain (10 000 typ.) — Operation within SOA
— Operation up to = 20V — High slew-rate

— Thermal protection

The device is particularly suited for use with an operational amplifier inside a closed loop configuration
to increase output current (P,=20W,d = 0.5%, R_= 49, V;=* 16V).

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage +20 \)
V; Input voltage V¢
lo DC output current 3 A
lo Peak output current (internally limited) 4 A
VINH Input inhibit voltage -V +5 \
-V,-15 \%
Piot Power dissipation at Tc,se= 75°C 25 w
Teg. T;  Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L149V
MECHANICAL DATA Dimensions in mm
1785
81 1575
|

.
84
45
25
A ;5»
48™

C i 21.2
i ‘ 25 ?E 1047
S & AT #375:385 e
@ Y r— XU
’ 28]
' ’ e

158m™
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CONNECTION DIAGRAM (top view)

> +Vg
> outpPut
> -Vg
> INPUT
— INHIBIT

- N W & u

(tab connected to pin 3) S-4025

SCHEMATIC DIAGRAM

2
O
INPUT
’—
1 N x
INHIBIT kg i
INHIBIT | =%
PROT.
3
S- 40181 O—Vs




THERMAL DATA

Rin j-case  Thermal resistance junction-case max 3 °C/W
ELECTRICAL CHARACTERISTICS (T,,,= 25°C)
Parameter Test conditions Min. Typ. Max. Unit
V¢ Supply voltage +20 \%
lg Quiescent drain current V=116V 30 mA
lin Input current Vg=1t 16V V=0V 200 400 HA
hgg DC current gain Vg=1 16V lo =3A 6000 10000 -
Gy Voltage gain Vo=t 16V lo = 1.6A 1 il
VcEsat Saturation voltage lo =3A 3.5 \
(for each transistor)
Vos Input offset voltage Vg=+ 16V 0.3 Vv
ViNH Inhibit input voltage ON condition +0.3
(pins 1-3) \Y
OFF condition +1.2
RinH Inhibit input resistance =1KHz 2.0 KQ
SR Slew rate 30 V/us
B Power bandwidth V=218V, d=1%, R =80 200 KHz

TEST CIRCUIT

O+Vs
IN :LOJ,UF
O——\Us
L 149 % —QO0UT
T3
ON 10
© > ml
INHIBIT IO.LUF EL‘JF
oO—s
O -vg $-4019/1
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Fig. 1 - Maximum saturation

Fig. 2 - Current limiting

voltage vs. output current characteristics
o 300501 . ‘
v, T i H
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0 ) L A PP -2 36 0 ve da a3 e

APPLICATION

Fig. 4 - High power amplifier with single power supply (G,= 30 dB)
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Fig. 5 - Distortion vs. out-

Fig. 6 - Distortion vs. out-

Fig. 3 - Supply voltage
rejection vs. frequency
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Fig. 7 - Output power vs.

put power (f =1 KHz) put power (f= 10 KHz) supply voltage
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APPLICATION INFORMATION (continued)

Fig. 8 - High slew-rate power operational amplifier

c1 -Lo.on {

I

1N4001 &

* 1N4001 2

C2883 0IuF
I 5-3934

Fig. 9 - Electronic potentiometer (short-circuit protected)
’{Z)OV
LO,I,«F
8
L1ss A 0to18V
fa (2Amax)

0. uF

5Kn 2

1n

$-4023

Fig. 10 - 720W Switch-Mode Power Supply using the L149 as driver stage for the power transistors

(ﬁvccﬂoov
——OVec 5V
Dwm
. | O Vee-5v
100 uH Vo =24V
1 © I =30A
6800 uF
2N 3439
2N3439
@7 6800
Q5
BC177

NOTE - For a more detailed description of the L 149 and its applications, refer to SGS-
TECHNICAL NOTE TN.150.
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LINEAR INTEGRATED CIRCUIT

3A POWER OPERATIONAL AMPLIFIER

The L165 is a monolithic integrated circuit in Pentawatt ® package, intended for use as power oper-
ational amplifier in a wide range of applications, including servo amplifiers and power supplies. The high
gain and high output power capability provide superior performance wherever an operational amplifier/
power booster combination is required,

— Qutput current up to 3A.

— Large common-mode and differential mode ranges.
— SOA protection.

— Thermal protection.

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage +18 \%)
V; Input voltage V¢
V; Differential input voltage +15 \%
Iy Peak output current (internally limited) 35 A
Piot Power dissipation at T,e= 90°C 20 w
Tstgr Tj Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L165V :
MECHAN'CAL DATA Dimensions in mm
1785
gl 575
AT {27 i l
3 b
"¢ [ls 1A A
: : 22 1 é
25 - a 1047
' ) $A75:385 oo
X
g
28]
|- gmin
158
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CONNECTION DIAGRAM

(top view)

- N W s o

0

v

tab connected to pin 3

SCHEMATIC DIAGRAM

—— A
> outpur
— .

[ INVERTING INPUT
[ "> NON INVERTING INPUT

$-2628/1

Ow

id-
T

K

THERMAL
SHUT DOWN
AND SOA
PROTECTION

,
5 "
M
1 i

) 4 x

ld 1
TN

THERMAL
SHUT DOWN
AND SOA
PROTECTION

O+

Q2

Ow

THERMAL DATA

$-2629

Rin j-case  Thermal resistance junction-case

max 3 °C/W
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ELECTRICAL CHARACTERISTICS (v, = * 15V, T,n,= 25°C unless otherwise specified)

|
Parameter Test conditions Min. Typ. Max. Unit "
Vg Supply voltage +6 +18 \% .
la Quiescent drain current 40 60 mA i
Ip Input bias current 0.2 1 kA i
Vg =118V s
Vos Input offset voltage +2 £10 mV
los Input offset current 20 +200 nA
SR Slew-Rate Gy=10 8
V/us
Gy=1(°) 6 |
Vo Output voltage swing f=1kHz lp = 0.3A 27 v
Ip=3A 24 PP
f=10 kHz lp =0.3A 27 v |
Ip=3A 23 PP
R; Input resistance (pin 1) 100 500 K
f=1KHz
Gy Voltage gain (open loop) 80 dB
en Input noise voltage 2 uV
B =10 to 10 000 Hz
in Input noise current 100 pA
CMR Common mode rejection Rg <10KQ Gy=30dB 70 dB |
SVR Supply voltage rejection Rg= 22 kQ Gy =10 60 dB
Vryipple= 0.5 Vims
frippie= 100 Hz G, =100 40 dB
n Efficiency f=1 kHz lp=16A; Po = BW 70 %
' - ) K
RL=49 |1 =3A; Po=18W 60 % ;
Tsa Thermal shut-down case Piot= 12W 110 °C I
temperature Prot= 6W 130

(°) Circuit of fig. 8.
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Fig. 1 -Open loop frequency
response

Fig. 2 - Closed-loop fre-
quency response (circuit of
fig. 8)

Fig. 3 - Large signal fre-
quency response
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Fig. 4 - Maximum output
current vs. voltage [Vcel
across each output transistor

Fig. 5 - Safe operating area
and collector characteristics
of the protected power

Fig. 6 - Maximum allowable
power dissipation vs. am-
bient temperature
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Fig. 7 - Application circuit (Gy, > 10)
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IN4001

INGOO
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Fig. 8 - Unity gain configuration

10KQ
—
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Fig. 9 - Motor current control circuit with external power transistors (I,;,o10r > 3.5A)

+Vgmax36V
36K0 10K 0
RI ¥ i R23% 33K0 2%
1 —y
022uF R7
0.22uF BDS3S 220 O.ZFZ 0.22uF )
. WF H BDS35
! s = wf] Z |8 2 & I & I
. 104 00
33K ] L 165 — ), W e L 165 []nom
R 0.4700 RIO
2 3 5% | 2
8D N § A BDS36 N
536 4XIN4001 R6
100K _‘
36K 0 0KA —-— g = |29 -
Vi =0..28VO—f "} (- {—
R3% R4 100K02%
HR<1%

Note: The input voltage level is compatible with L291 (5-BIT D/A converter)

Fig. 10 - High current tracking regulator
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Fig. 11 - Bidirectional speed control of

DC motor
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Fig. 12 - Split power supply

e O +Vo
47uF
Vi
+810+36V Vo=t4 to£18V
47PF
O —O - Vo

Fig. 13 - Power squarewave oscillator with independent adjustments for frequency and duty-cycle.

P1 : duty-cycle adjust
Vout _[—LJ_L P2 : frequency adjust (f = 700 Hz with
' C1=10nF, P2= 100 Ko, f=25 Hz
with C1= 10 nF, P2=0)

S-5381

B 0—NUs X —_
L165 >* =
RSN 5 L
10} max
i
O.ZZFFI
S-5380
Vg; = logic supply voltage Must be Vg, = Vg, E1, E2 = logic inputs

NOTE - For a more detailed description of the L165 and its applications, refer to SGS-
TECHNICAL NOTE TN.150.
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LINEAR INTEGRATED CIRCUITS

POSITIVE VOLTAGE REGULATORS WITH RECTIFYING BRIDGE

® QUTPUT VOLTAGE: 5V, 12V AND 15V
OUTPUT CURRENT UP TO 500 mA

SHORT CIRCUIT PROTECTION

THERMAL OVERLOAD PROTECTION
OVERVOLTAGE PROTECTION (60V - 10 ms)

The L194-5,L194-12 and L194-15 are fixed voltage regulators assembled in Pentawatt ® package.
They incorporate a rectifying diode bridge with 7A surge current capability.

ABSOLUTE MAXIMUM RATINGS

Vi Peak input voltage (10ms) 60 \
Vi DC input voltage (at pin 2) 40 \")
V; AC input voltage (rms) 28 \Y)
Vg Peak reverse voltage across each diode 80 \%
Ip Input diode repetitive current 2 A
Ips Input diode surge current (10 ms) 7 A
lo Output current Internally limited
Piot Power dissipation Internally limited
Tetg Storage temperature -65 to + 150 °C
T; Operating junction temperature -25 to + 150 °C
ORDERING NUMBERS: L194-5V (V.= 5V)
L194-12V (Vo= 12V)
L194-15V (Vo= 15V)
MECHANICAL DATA Dimensions in mm
i 1785
31 1575
! e l I
s T %
i‘” 'SI S =={ LLL‘\]n | %
21.2 ?:'
225 b 10472
?_ T $375:385 )
23 [ — @(
Y — .
: 128
gmin
158™
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CONNECTION DIAGRAM

(top view)
S>> ACINPUT
[} — V) U
] —— GND
2 DCINPUT
1————> ACINPUT
(tab connected to pin3) S-4034
BLOCK DIAGRAM
o—\
D1
D2 ouTPUT
AC REG. )
INPUT
D& 03
o 5
2 3
O
bocC GND
$-4035 INPUT
THERMAL DATA
Rih j-case Thermal resistance junction-case max 4 °C/W
thj-amb Thermal resistance junction-ambient max 50 °C/W
ELECTRICAL CHARACTERISTICS (T; = 25°C)

Parameter Test conditions Min. Typ. Max. Unit
lg Quiescent drain lo=0 Vi (pin 2) = 28V 5 14 mA
current .

Vo Output voltage V=15V (L194-5) 475 5 5.25
lo =100 mA V=22V (L194-12) 1.4 12 126 \"
V; =25V (L194-15) 14.25 15 15.75
AVe Line Regulation V;= 8to 18V (L194-5) 5
lo =100 mA V;=15to 25V (L194-12) 10 mV
V=18 to 28V (L194-15) 15
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit
AVo  Load Regulation L~ 10+ V; =15V (L194-5) 1
Vo o~ 250° A Vim22V(L194-12) 1 %
m Vi =25V (L194-15) 1
Vi-o Dropout voltage lo =300 mA 2 3 \Y
(pin 2-4)
AVo  Output voltage drift V; =15V (L194-5) 0.3
AT lo =100 mA V=22V (L194-12) 0.6 mV/° C|
Vi =25V (L194-15) 0.8
Io Output current AV, <1% L194-5/12 500 mA
Vo ' L194-15 (x) 300
lge Short-circuit current V=15V (L194-5) 700
V=22V (L194-12) 500 mA
V; =25V (L194-15) 400
Ip Peak output current 0.7 1.4 A
SVR Supply voltage =100 Hz L194-5/12 46
Rejection lo =200 mA L194-15 40 dB
AV =10V
Ro Output Resistance f=1kHz lo =100 mA 80 m
Vg Diode Forward le=1A 1.6 \
Voltage lf=5A 45
(*) See diagram of fig. 1.
APPLICATION CIRCUIT RS
1
In the design of power supplies using fsé"’_‘V , Vg REG. 4 Vo
the L194, it must be always verified z e
that: .
V2V
lpeak = ———=—— <7A 0uF
Rs
7 3
where R is the sum of the transformer 2200wF]
resistance, the equivalent diode re-
sistance and external resistors. 54036 11
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APPLICATION INFORMATION

The Absolute Maximum Ratings guarantee a max of 40V at pin 2 with max peak current of 7A in the
rectifying diodes.

To avoid to damage the device, a suitable transformer secondary must be used so that even when there
are network variations the limits set are always respected during operation.

For example, with a nominal voltage of 24 V¢ the maximum variations due to the transformer toler-
ance are £ 20% . :

In order to limit (to the maximum value allowed) the current peak, which occurs in diodes during
switch-on, an external resistance Rg,in series with the secondary of the transformer, must be introduced.
Supposing that the capacitor of the filter is discharged at switch-on, the following equivalent circuit can
be drawn:

Re
Vg = Secondary voltage.
Rr Rp Rt = Secondary resistances of transformer.
Ve Rp = Resistance produced by the diode pair involved in
—0 conduction.

If values Ry and Rp are known Rg is calculated in such a way that the peak current at switch-on does
not exceed 7A.
Vs peak — 7 (Rt + Rp)

Re > .

For the 5V, with the nominal voltage of the 10V A transformer at 12V and with a total voltage variation
of £15% , the transformer secondary is connected directly to pins 1 and 5.
For correct use of the device at 15V the graph in fig. 1 gives the max output current.

Fig. 1 - Guaranteed output
current vs. secondary voltage

6-4393n

To 17 Rgr4.50
(ma) [Re =207 64 7]
174 X‘
s Re=60.
: pod flprsA
: A
w© iy » Note:
Vs
oo /:;:7 Vs nom = 24.6 Vyms for 220V  15%.
o 7 Vg nom = 23.65 Vs for 220V * 20%.
100
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LINEAR INTEGRATED CIRCUIT

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

ADJUSTABLE OUTPUT CURRENT UP TO 2A (GUARANTEED UP TO T;= 150°C)
ADJUSTABLE OUTPUT VOLTAGE DOWN TO 2.85V

INPUT OVERVOLTAGE PROTECTION (UP TO 60V, 10 ms)

SHORT CIRCUIT PROTECTION

OUTPUT TRANSISTOR S.0.A. PROTECTION

THERMAL OVERLOAD PROTECTION

LOW BIAS CURRENT ON REGULATION PIN

LOW STANDBY CURRENT DRAIN

The L200 is a monolithic integrated circuit for voltage and current programmable regulation. It is
available in Pentawatt® package or 4-lead TO-3 metal case. Current limiting, power limiting, thermal
shutdown and input overvoltage protection (up to 60V) make the L200 virtually blowout proof. The
L200 can be used to replace fixed voltage regulators when high output voltage precision is required and
eliminates the need to stock a range of fixed voltage regulators.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage 40 \"
Vi Peak input voltage (10 ms) 60 \%
AV,_, Dropout voltage 32 \%
Iy Output current internally limited
Piot Power dissipation internally limited
Tetg Storage temperature ) -55 to 150 °C
Top Operating junction temperature for L200C -25 to 150 °C

for L200 -55 to 150 °C

MECHANICAL DATA Dimensions in mm

SR R ——




CONNECTION DIAGRAMS

AND ORDERING NUMBERS

(top views)
QUTPUT
CURR:
5 > OUuTPUT
4D REFERENCE
GND ) E— s() Jeno
2 uMITING
L] E— ) LIMITING
$-2655/3
S$-2387!2
Type Pentawatt ® TO-3
L 200 L200T
L200C L 200 CH L200CT
L 200 CV
BLOCK DIAGRAM
1
1 PASS Q OouTPUT
O- -O5
INPUT I ELEMENT
S.0.A. CURRENT
PROTECTION] /ummwe
CURRENT ERROR
- C Al
SOURCE REFERENCE AMPURER OMPARATOR —0 2
' VOLTAGE
O4 ReFERENCE
THERMAL
PROTECTIO

l

O3 GROUND
5-3928
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SCHEMATIC DIAGRAM

Kam
R25
©)
S-2385
THERMAL DATA TO-3 Pentawatt ®
Rin j-case Thermal resistance junction-case max 4°C/W 3°C/W
Rih jamp  Thermal resistance junction-ambient max 35°C/W 50 °C/W
ELECTRICAL CHARACTERISTICS (T,,,= 25°C, unless otherwise specified)
Parameter Test conditions Min, Typ. Max. Unit
VOLTAGE REGULATION LOOP
Iq Quiescent drain current (pin 3) | V; =20V 4.2 9.2 mA
en Output noise voltage Vo= Viet o= 10 mA
B=1MHz 80 uv
Vo Output voltage range lo=10mA 2.85 36 \"
AVg Voltage load regulation Alg= 2A 0.15 1 %
Vo {note 1) Alg=1.5A 0.1 0.9 %
AV, Line regulation Vo= 5V
A V;=81to 18V 48 60 dB
SVR Supply voltage rejection Vo=5V 15= 500 mA
AVi=10 Vg,
f =100 Hz (note 2) 48 60 dB




ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit
AVi_o Droupout voltage between lo = 1.6A AVe < 2% 2 25 A
pins 1 and 5
Vet Reference voltage (pin 4) V=20V 1o =10mA 2.64 2.77 2.86 v
AV et Average temperature V=20V lo=10mA
coefficient of reference voltage for Tj=-25to 125°C -0.25 mV/°C
for Tj= 125 t0 160°C -1.5 mvV/°C
lg Bias current at pin 4 3 10 uA
Alg Average temperature -0.5 %/°C
AT g coefficient (pin 4)
Zo Output impedance V=10V Vo= Vies
lo= 0.5A f=100 Hz 1.5 mg
CURRENT REGULATION LOOP
Vsc Current limit sense voltage V=10V Vo = Vyes
between pins 5 and 2 I5= 100 mA 0.38 0.45 0.52 \
AV Average temperature 0.03 %/°C
AT + Vg coefficient of Vge
Alg Current load regulation Vi=10V AV o= 3V
lo o= 0.5A 1.4 %
lo=1A 1 %
lo=15A 0.9 %
lse Peak short circuit current Vi-Vo =14V
(pins 2 and 5 short circuited) 3.6 A
Note 1): A load step of 2A can be applied provided that input-output differential voltage is lower than 20V (see
fig. 1).
Note 2): The same performance can be maintained at higher output levels if a bypassing capacitor is provided bet-

ween pins 2 and 4.
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Fig. 1 - Typical safe oper-
ating area protection

Fig. 2 - Quiescent current
vs. supply voltage

6-285) . - 28001
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Fig. 4 - Quiescent current
vs. output current

Fig. 5 - Output noise voltage
vs. output voltage
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Fig. 7 - Reference voltage
vs. junction temperature

Fig. 8 - Voltage load regu-
lation vs. junction tem-

perature 4
G-2848 G-28471~
Vret avo T
(V) o lzovl (mv) ! vjisi !
i = o =
VYo =Vret + 1
1, =10ma I !
i i o
2780 6 F—t -
N P lg=2a LA
270 N 12
N e
270 8 LI -
| 15A =
\ IR -
- 18 AT
2720 \ o
- I
2700 0 |
-40 0 “ 80 w T eo 40 4 w0 80 20T e0

Fig. 3 - Quiescent current
vs. junction temperature

G- 2846
1y } -
(ma)
Vi =20V
A Vo = Vret T
5 \ ;
i T
N
4 :
]
3 : SN
4 ™~
2
1
-40 o %0 80 w T 0

N

(MVaws;

0.8

0.4

0.2

SVR
(d8)

80
7%
70
65

60

Fig. 6 - Output noise voltage
vs. frequency

T ] T T 28
) ] j i
B=100Hz,
:; Vo=Vret
i
|
10 10 10 10° f (Hz)
Fig. 9 - Supply voltage re-
jection vs. frequency
o 20002
[ M
R o
1; :_vo.nbf' RMS 1T
*d#ﬂ\:ﬂ
_—‘AASI IALSG 1 4 68 “se “68
1 10 10 10° 10° 1t (Hz)

el e e e o




Fig. 10 - Dropout

voltage

vs. junction temperature
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Fig. 11 - Output impedance

vs. frequency

Fig. 12 - Output impedance

vs. output current
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APPLICATION CIRCUITS

Fig. 17 - Programmable voltage regulator
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Fig. 19 - Programmable voltage regulator with
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Fig. 21 - High current voltage regulator with

short circuit protection
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APPLICATION CIRCUITS

Fig. 23 - Tracking voltage regulator
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APPLICATION CIRCUITS (continued)

Fig. 27 - Constant current battery charger

$-2912

The resistors R; and R, determine the final
charging voltage and R, the initial charging
current. D; prevents discharge of the battery
throught the regulator.

The resistor Ry limits the reverse currents
through the regulator (which should be 100
mA max) when the battery is accidentally
reverse connected. If R is in series with a
bulb of 12V/50 mA rating this will indicate
incorrect connection.

Fig. 29 - Low turn on

Fig. 28 - 30W Motor speed control
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APPLICATION CIRCUITS (continued)

Fig. 31 - Programmable voltage and current regulator

R3

vioX¥ 41 200

:—7—()\/0
oqQ !

Vo=Vefto 26V
I5=35mAto15A

AP
J_ 3 “ 10K0
0.22uF
R4
KA
A
-

*P1:CURRENT REGULATION
P2 :VOLTAGE REGULATION

S-412511

Note: Connecting point A to a negative voltage (for example-3V/10 mA) it is possible to extend the output voltage
range down to OV and to obtain the current limiting down to this level (output short-circuit condition).

NOTE - For a more detailed description of the L200 and its applications refer to SGS-
TECHNICAL NOTES TN146 and TN150.

92



LINEAR INTEGRATED CIRCUITS

HIGH-VOLTAGE, HIGH-CURRENT 7 DARLINGTON ARRAYS

These high-voltage, high-current Darlington transistor arrays comprise seven NPN Darlington pairs on a
common monolithic substrate. All units feature open collector outputs and integral suppression diodes
for inductive loads. Peak currents of 600 mA can be withstood, making them ideal for driving tungsten
filament lamps. 1:‘
The L 201 is a general-purpose array wich may be used with DTL, TTL, PMOS, CMOS, etc. It is pinned !

with inputs opposite outputs to facilitate circuit board layout and is priced to compete directly with v
discrete transistor alternatives. E
The L 202 was specifically designed for use with 14 to 25V PMOS devices.

Each input has a Zener diode and resistor in series in order to limit the input current to a safe value.

The L203 has a series base resistor to each Darlington pair allowing operation directly with TTL or
CMOS operating at a supply voltage of 5V.

The L204 has a series base resistor to each Darlington pair, allowing operation directly with PMOS or
CMOS utilizing supply voltage of 6 to 15V.

In all cases, the individual Darlington pair collector current rating is 500 mA. However, outputs may be
paralleled for higher load current capability. The devices are supplied in a 16-lead dual in-line plastic
package with copper frame.

ABSOLUTE MAXIMUM RATINGS

V; Input voltage (for L 202, L 203 and L 204) 30 Y I
Vo Qutput voltage (collector-emitter) 50 \% |
Vceous) Collector-emitter sustaining voltage 36 \ i
le Collector current 500 mA ‘

Ig Base current (for L 201 only) 25 mA
Piot Total power dissipation at T,mp = 25°C 1.8 w ‘
Top Operating junction temperature -25 to 150 °C \
Tetg Storage temperature -55 to 150 °C |

ORDERING NUMBERS: L201B, L203B

L202B, L204B 1
MECHANICAL DATA Dimensions in mm
h |
- é—T ;{
= \‘g § "
BE
25, |
e . .
lmooonnog i é
LSRR g i |
P
R o x
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CONNECTION DIAGRAM (top view)

IN 1 1[—>—¢]16
IN 2 2[—> L’H ;"5
IN 3 3[——{> Luﬂ ]14
IN 4 4[—>—T_’H }13
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IN 6 s[——D LN« 1
IN 7 7[—{> [ J10
GND 8 »t
SCHEMATIC DIAGRAM
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THERMAL DATA

Rih j.amb  Thermal resistance junction-ambient max. 70 °C/W
ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified)
Parameter Test conditions Min. Typ. Max. | Unit :I'g
lcex Collector cutoff for L 201
current Vcg =50V 0.2 3 HA 1
for L 202
Veg=50V  V;=7V 0.2 3 pA | 2
for L 203, L 204
Vce=50V  1;=0 0.2 3 pA |1
Vce(saty Collector-emitter lc=350mA Ig="500puA 1.26 1.6 \
saturation voltage lc =200mA Ig =350 uA 1 1.3 v 3
lc=100mA |g =250 uA 0.85 1.1 \"
I Input current for L 202
V=17V 0.75 1.3 mA
for L 203
V;=3.85V 0.9 1.35 mA 5
for L 204
V;= 5V 0.35 0.5 mA
Vi=12V 1.1 1.45 | mA
Ic(off) Vce =50V I;=25uA 25 uA | 4
Vi Input voltage for L 202
lc=300mA Vgg =2V 10.5 13
for L 203
Ic=300mA Vg =2V 1.8 3 v
lc=250mA Vcg=2V 1.7 24 \ 7
for L 204
Veg=2V  Ic=200mA 45 6 v
VEe=2V  I¢=350mA 5 8 v
hrg DC current gain lc =350mA Vg =2V 1000 3000 - 3
(for L 201 only)
IR Parallel diode reverse VR =50V 0.5 50 MA 6
current
Ve Parallel diode forward IF =350 mA 1.4 2 \Y 8
voltage
tpLH Turn-on delay time 0.5V;t0 0.5V, 5 us —
tpHL Turn-off delay time 0.5V;t0 0.5V, 5 us .
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TEST CIRCUITS

Fig 1 - For L 201, L 203 Fig. 2 - For L 202 Fig. 3 - For L 201, L 202,
and L 204 L 203 and L 204
OPEN  +50V OPEN  +50V
@] O (@) Q OPEN

lg Yee Jlc
. S-1980
Fig. 4 - For L 201, L 202, Fig. 5 - For L 202, L 203, Fig. 6 - For L 201, L 202,
L 203 and L 204 and L 204 L 203 and L 204

OPEN  +50V OPEN
O O

Fig. 7 - For L 202, L 203, Fig. 8 - For L 201, L 202,
and L 204 L 203 and L 204

OPEN
[ .
Ve |le
l S$-1983

$-1987
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APPLICATION CIRCUITS

PMOS to load
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LINEAR INTEGRATED CIRCUIT

TACHOMETER CONVERTER

The. L290, a monolithic LSI circuit in a 16-lead dual in-line plastic package, is intended for use with the
L291 and L292 which together form a complete 3-chip DC motor positioning system for applications
such as carriage/daisy-wheel position control in typewriters.

The L290/1/2 system can be directly controlled by a microprocessor. The L290 integrates the following
functions:

— tacho voltage generator (F/V converter)
— reference voltage generator
— position pulse generator.

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage +15 \
V; (FTA, FTB, FTF) Input signals +7 \%
Piot Total power dissipation T,py,,= 70°C 1 w
Tstg, T;  Storage and junction temperature ~-40 to +150 °C

ORDERING NUMBER: L290 B

MECHANICAL DATA Dimensions in mm




CONNECTION DIAGRAM

(top view)

BLOCK DIAGRAM

——
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TEST CIRCUIT

-Vs  +Vs TACHO

+5V
? 5K
3x2.5K0
9 5 4
FTA O—] 16 14 OSTA
FIBO— 1 L230 13 OsT8
FTF O—12 OsTF

3 1 15

2
. QvMB
skl -L 22 [ )22 —————OVMA
KalJka 2x820 0

S-414413

+1.8V -1.8V

THERMAL DATA

Rtn j-amb Thermal resistance junction-ambient max 80 °C/W

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, S in (A), Vi = 212V T,mp= 25°C

unless otherwise specified)

Parameters Test conditions Min. Typ. Max. Unit
Vg Supply voltage +10 +15 v
la Quiescent drain current Vg =115V 13 20 mA

INPUT AMPLIFIERS (A; and A,)

FTA, FTB Input signal from encoder frmax= 20 KHz +0.4 +0.6 Vp
(pin 1, 16)

Vos Output offset voltage FTA=FTB =0V + 55 mV
(pin 2, 15)

Iy Input bias current (pin 1, 16) 0.15 uA

Gy Voltage gain f=10 KHz FTA=FTB=:0.6V, 22 23 24 dB

Vo Output voltage swing FTA=FTB=2 1V, +9.5 \Y%
(pin 2, 15)
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ELECTRICAL CHARACTERISTICS (continued)

Parameters Test conditions Min. Typ. Max. Unit
COMPARATORS WITH HYSTERESIS (C,, C, and C3)
Vrnple)  Positive Threshold voltage CjandCy 550 850 mV
(pin 2,12, 15)
C3 700 900 mV
V+un(e®)  Negative Threshold voltage Cj;and C, 55 175 mV
(pin 2,12, 15)
Cs3 570 830 mV
Vi Output voltage (low level) lo =2mA 0.2 0.4 \
(pin 10, 13, 14) FTA= FTB= FTF=0V
lleak (pins 10, 13, 14) FTA= FTB= 0.5V
Veg= 5V FTF=1V 1 pA
REFERENCE GENERATOR
Vief DC reference voltage FTA= FTB=t 0.6V (*) 45 5 5.5 \2
(pin 3) lref= 1 MA
lref Output current (pin 3) 1.4 mA
“TACHO” AMPLIFIER (A3)
Vos Output offset voltage (pin 4) FTA=+15mV FTB=0.5V ) + 80 mV
Vo DC output voltage (pin 4) FTA= FTB= x0.5Vp {/**1) 54 6 6.6
[e]
\%
= = * * %
Vma= Vme= £1.25V, {/ N A % 66
o2
AV, Vo1 + Voo -150 +150 | mV
Vo Output voltage swing (pin 4) FTA= FTB= 0.5V 9
\Y
Sin (B) FTA= FTB=-0.5V -9
Vva Multiplier input voltage +1.25 +1.7 Vp
VwvB (pin 7, 8)
Vpias Bias voltage (pin 6) FTA and FTB floating -6.5 -8 \
v iv
() : FTA=FTB=FTF= [ (°o) : FTA=FTB=FTF= A

Note : Phase relationship between the signals:
* FTA: 0° FTB : 90°

** FTA:0° FTB : -90° Vwm

A=90°  Vyg=0°

**%¢ FTA:0°  FTB:90°  Vya=90° Vpg= 180°
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WAVEFORMS (Neglecting threshold voltage level of the comparators)

CLOCKWISE ANTICLOCKWISE
DIRECTION DIRECTION
I ! ! | ' \ i
E L VAA VAA
NS
™\ ~_vAB N\ vAB
| cst 1 cs1
] |
] cs2 cs2
—
 yMa " VMA
N\ vms ‘ ' vMB
N
N\ csB ; csB
1 AN
. . CSA L~ csa
NI [
fWY\‘ TACHO T TACHO
] I ] i
i H
‘ ‘ H S-4156/1

SYSTEM DESCRIPTION : refer to the L292 data sheet
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Fig. 1 - Complete application circuit
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LINEAR INTEGRATED CIRCUIT

5 BIT - D/A CONVERTER AND POSITION AMPLIFIER

The L291, a monolithic LSl circuit in a 16-lead dual in-line plastic package, is intended for use with the
L290 and L292 to form a complete 3 chip DC motor positioning system for applications such as carriage/
daisy-wheel position control in typewriters.

The L290/1/2 system can be directly controlled by a microprocessor.

The L2971 integrates the following functions:

— 5 bit D/A converter (3 LSB max linearity error)
— error amplifier
— position amplifier

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage +15 \%
Piot Total power dissipation T,,,= 70°C 1 w
Tster Tj Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L291 B

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)

U ‘
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sioN. 7 J10 Vs
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|
|
|
|
BLOCK DIAGRAM ‘
10 13 %
-Vs GND +Vs i
|
2 | scr
3 | sce
o |scs |
5 |sce i
6 |scs| O/A
CONv, T
AMPLIE 16
7] SIGN + POSIOUT
o —— &
DAC/IN Strobe
DACIOUT ERRV| Ipoan
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TEST CIRCUIT

-zfs *ﬁ")s SIGN DAC/IN

10 14 7 9
S(:1OLSE 2
sc20—3
sc30— ¢« L291
SC4O— 5
SC50-c=16 13

MSBI ™ g 12 1 15 16
Slrobe(}——J K4 10K 4
500 KO
S S2

L]l bl
S-4rsen £100mV t2.4v

THERMAL DATA

Rih j-amb Thermal resistance junction-ambient max 80 °C/W
ELECTRICAL CHARACTERISTICS (Refer to the circuit, S1 and S2 in (a), Vg = = 12V,
Tamb= 25°C, unless otherwise specified)
Parameters Test conditions Min. Typ. Max. Unit
Vg Supply voltage +10 + 15 \"
lq Quiescent drain current Vg =1+ 15V 6.5 10 mA
POSITION AMPLIFIER
Vstrobe Enable voltage level Vi (Sin (a)) * 0 0.8 \%
Vi (Sin (b)) * 24 +w, | Vv
Vos Output offset voltage (pin 16) Vstrobe= Vi: Gy=20dB +50 | mV
Iy Input bias current (pin 15) Vstrobe= VL 0.3 BA
Vo Output voltage swing (pin 16) Vstrobe=V; S2 in(b); V;=£10.8V +9 \
VR Residual output voltage (pin 16) | Vgirope™ VH +20 | mV

* See block diagram and the note for Position Amplifier.
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ELECTRICAL CHARACTERISTICS (continued)

S1in (b); R =10KQ

Parameter Test conditions Min Typ. Max. | Unit
D/A CONVERTER
et Current reference input range 0.3 1.2 mA
(pin 9)
Vos Current reference offset voltage lref= 0.3 t0 1.2 mA +20 mV
(pin 9) All inputs high
lo Output current range (pin 12) 1.4 mA
lo Output current (pin 12) lref= 0.722mA  SIGN =L (l5;) | -1.358 -1.4 -1.442
SC1toSC5 =L mA
SIGN =H (l55) | +1.358 +1.4 +1.442
Alg lo1 t lo2 -21 +21 uA
Linearity error ler= 0.722 mA 1.61 %FS
log Pin 12 output offset current All inputs high +0.4 MA
(including Error Amplifier bias
current)
Vi Low voltage level (digital inputs) SC1 = LSB 0 0.8 \Y
Vy High voltage level (digital inputs) 5C5 = MSB 2.4 +Vs. \Y
I Digital inputs current (low state) V=04V -50 MA
g Digital inputs current (high state) V= +Vg 1 MA
ERROR AMPLIFIER
Vos Output offset voltage (pin 1) lref= 0.5 mA; All inputs high +200 | mV
Gy=40dB
lo Output current (pin 1) +5 mA
Vo Output voltage swing (pin 1) All inputs high +7.4 +8.4 Vp




D/A Converter

The L291 contains a 5-bit D/A converter accepting a binary code and generating a bipolar output
current, the polarity of which depends on the SIGN input. The amplitude of the output current is a
multiple of a reference current |,¢;.

The maximum output current is

31

* ET Irer

lps =

The following table shows the value of I, for different input codes. Note that the input bits are active
low.

DIGITAL INPUT WORD Output Current
SIGN SC5 Sc4 SC3 sC2 SC1 lo
31
L L L L L L — |
16 ref
1
L H H H H L ——16—|ref
X H H H H H (0]
H H H H H L + —116—|,ef
31 X = indifferent
H L L L L L + 6 lret L= low
H = high

This D/A converter has a maximum linearity error equal to = 1/2 LSB (or + 1.61% Full Scale); that gua
rantees its monotonicity.

Error Amplifier

In order to have a good stability, the Error Amplifier must work with a closed loop gain greater or equal
than 20 dB.

Position Amplifier

It is inserted by means of the strobe signal, TTL and microprocessor compatible. Its output is connected
to pin 16 when Vg, ,pe= Low; pin 16 is grounded for Vg, gpe= High.

SYSTEM DESCRIPTION: refer to the L292 data sheet.
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Fig. 1
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- Complete application circuit
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LINEAR INTEGRATED CIRCUIT

SWITCH-MODE DRIVER FOR DC MOTORS

The L292 is a monolithic LSl circuit in 15-lead MU LTIWATT® package. It is intended for use, together
with L290 and L291, as a complete 3-chip DC motor positioning system for applications such as car-

riage/daisy-wheel position control in typewriters.

The L290/1/2 system can be directly controlled by a-microprocessor. The outstanding characteristics

of the L292 are:

— Driving capability: 2A, 36V, 30 KHz.
— 2 Logic chip enable.
— External loop gain adjustment.

ABSOLUTE MAXIMUM RATINGS

— Singie power supply (18 to 36V).
— Input signal symmetric to ground.

— Thermal protection.

Vs Power supply

V, Input voltage

Vinnibit  Inhibit voltage

Piot Total power dissipation (Tc,e= 75°C)
Tstg Storage and junction temperature

36

-15 to +Vj
Oto Vg

25

-40 to +150

O

0s=<<<

ORDERING NUMBER: L1292

MECHANICAL DATA

6/82
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Dimensions in mm




CONNECTION DIAGRAM

(top view)

BLOCK DIAGRAM

MOTOR
Rs2

INHIBIT(CED)
INHIBIT(CE2)
OSCILL. (R)

OSCILL. (C)
OUTPUT(ERR.AMPL.)
GND

INPUT(ERR. AMPL.)
INPUT

OUTPUT CS.A.
COMP INPUT

Wy

Re!

MOTOR

SQ[SmH

0SCILL.

REF

330

1nF

D, + D, * D3 * D4 = High speed diodes (BYW 72 or equivalent)
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THERMAL DATA

Ftth j-case:

Thermal resistance junction-case

max

3

°C/W

ELECTRICAL CHARACTERISTICS (T,mp= 25°C, foc= 20 KHz unless otherwise specified)

Parameter Test conditions Min. Typ. Max. | Unit
Vg Supply voltage 18 36 \"
la Quiescent drain current Vg =20V (offset null) 30 50 mA
Vos Input offset voltage (pin 6) V¢ =36V lo=0 350 | mV
Vinh Inhibit low level (pin 12,13) 2 \
Inhibit high level (pin 12, 13) 3.2 \Y
linh. Low voltage condition Vinn. (L)= 0.4V -100 uA
High voltage conditions Vinn. (H)=3.2Vv 10 pA
1 Input current (pin (6) V,=-8.8V -1.8 mA
V,=1+8.8V 05 mA
Vi Input voltage (pin 6) 1,=2A 9.1 \%
Rg1= Rgp=0.2Q
Io= -2A -9.1 v
lo Output current V| =+98V Rg1= Rgo= 0.2Q +2 A
Vp Total drop out voltage (inluding 1o=2A 5 \
sensing
resistors) Io=1A 35 \
VRrs Sensing resistor voltage drop T;=150°C 1o=2A 0.44 \Y
Jo Transconductance Rs1= Rgp= 0.2Q 205 220 235 | mA/V|
vi Rs1= Rgo= 0.40 120 mAN
fose Frequency range (pin 10) 1 30 KHz

TRUTH TABLE

Output stage

Vinhibit
Pin 12 Pin 13 condition
L L Disabled
L H
H L Disabled
H H Disabled

Normal operation
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SYSTEM DESCRIPTION

The L290, L291 and L292 are intended to be used as a 3-chip microprocessor controlled positioning
system. These devices may be used separately - particularly the L292 motor driver - but since they will
usually be used together, a description of a typical L290/1/2 system follows.

Fig. 1 - System block diagram

MICROPROCESSOR

L292

TACHO
CONV.

$-4173

The system operates in two modes to achieve high-speed, high-accuracy positioning.

Speed commands for the system originate in the microprocessor. It is continuously updated on the
motor position by means of pulses from the L290 tachometer chip, which in turn gets its information
from the optical encoder. From this basic input, the microprocessor computes a 5-bit control word
that sets the system speed dependent on the distance to travel.

When the motor is stopped and the microprocessor orders it to a new position, the system operates
initially in an open-loop configuration as there is no feedback from the tachometer generator. Therefore
maximum current is fed to the motor. As maximum speed is reached, the tachometer chip output backs
off the processor signal thus reducing accelerating torque.

The motor continues to run at top speed but under closed-loop control.

As the target position is approached, the microprocessor lowers the value of the speed-demand word;
this reduces the voltage at the main summing point, in effect braking the motor. The braking is applied
progressively urtil the motor is running at minimum speed.

At that time, the microprocessor orders a switch to the position mode, (strobe signal at pin 8 of L291)
and within 3 to 4 ms the L292 drives the motor to a null position, where it is held by electronic
""detenting’’.
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SYSTEM DESCRIPTION (continued)

The mechanical/electrical interface consists of an optical encoder which generates two sinusoidal signals
90° out of phase (leading or lagging according to the motor direction) and proportional in frequency to
the speed of rotation. The optical encoder also provides an output at one position on the disk which is
used to set the initial position.
The opto encoder signals, FTA and FTB are filtered by the networks R, C, and R3 Cj3 (referring to
Fig. 4) and are supplied to the FTA/FTB inputs on the L290.
The main function of the L290 is to implement the following expression:

dVan FTB dVag FTA

Output signal (TACHO) = at " TEIBT C at " TFTA|

Thus the mean value of TACHO is proportional to the rotation speed and its polarity indicates the
direction of rotation.

The above function is performed by amplifying the input signals in A; and A, to obtain Vaa and
Vag (typ. 7 Vp). From Vaa and Vag the external differentiator RC networks Rs Cg and R4C, give
the signals Vi and Vg which are fed to the multipliers. '

The second input to each multiplier consists of the sign of the first input of the other multiplier before
differentiation, these are obtained using the comparators Cg; and Cs,. The multiplier outputs, Cga and
Csg, are summed by Az to give the final output signal TACHO. The peak-to-peak ripple signal of the
TACHO can be found from the following expression:

Vtipple p-p = ”T(ﬁ_ 1) * Vinaco D
The max value of TACHO is:

_ .
Viacho Max = 2V 2 * Vihaco DC

Using the comparators C; and C, another two signals from Va4 and V pg are derived - the logic signals
STA and STB.

These signais are used by the microprocessor to determine the position by counting the pulses.
The L290 internal reference voltage is also derived from Vo and Vpp:

Vet = |Vaal + | Vag

This reference is used by the D/A converter in the L291 to compensate for variations in input levels,
temperature changes and ageing.

The “one pulse per rotation’ opto encoder output is connected to pin 12 of the L290 (FTF) where it is
squared to give the STF logic output for the microprocessor.

The TACHO signal and V . are sent to the L291 via filter networks Rg Cg Rg and Rg C; R respectively.
Pin 12 of this chip is the main summing point of the system where TACHO and the D/A converter out-
put are compared.

The input to the D/A converter consists of 5 bit word plus a sign bit supplied by the microprocessor.
The sign bit represents the direction of motor rotation. The (analogue) output of the D/A converter -
DAC/OUT - is compared with the TACHO signal and the resulting error signal is amplified by the error
amplifier, and subsequently appears on pin 1.
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SYSTEM DESCRIPTION (continued)

The ERRYV signal (from pin 1, L291) is fed to pin 6 of the final chip, the L292 H-bridge motor-driver.
This input signal is bidirectional so it must be converted to a positive signal because the L292 uses a
single supply voltage. This is accomplished by the first stage - the level shifter, which uses an internally
generated 8V reference.

This same reference voltage supplies the triangle wave oscillator whose frequency is fixed by the external
RC network (R,g, C17 - pins 11 and 10) where:

1

fosc = —2—R—C— (Wlth R > 8.2 KQ)

The oscillator determines the switching frequency of the output stage and should be in the range 1 t0 30
KHz.

Motor current is regulated by an internal loop in the L292 which is performed by the resistors Ry g, R1g
and the differential current sense amplifier, the output of which is filtered by an external RC network
and fed back to the error amplifier.

The choice of the external components in these RC network (pins 5, 7, 9) is determined by the motor
type and the bandwidth requirements. The values shown in the diagram are for a 5%, 5 mH motor.
(See L292 Transfer Function Calculation in Application Information).

The error signal obtained by the addition of the input and the current feedback signals (pin 7) is used
to pulse width medulate the oscillator signal by means of the comparator. The pulse width modulated
signal controls the duty cycle of the H-bridge to give an output current corresponding to the L292
input signal.

The interval between one side of the bridge switching off and the other switching on, 7 , is programmed
by C15 in conjunction with an internal resistor R; .

This can be found from:

T= R;* Cpuin 10- (Cy7 in the diagram)

Since R; is approximately 1.5 Ko and the recommended T to avoid simultaneous conduction is 2.5 us
Coin 10 should be around 1.5 nF.
The current sense resistors R;g and R should be high precision types (maximum tolerance * 2%) and
the recommended value is given by:

Rmax * lo max < 0.44V

It is possible to synchronize two L292’s, if desired, using the network shown in fig. 2.

. L2292
] ) 10 11
\ lﬁ——‘J
|

e -

Gea174"

Finally, two enable inputs are provided on the 1L292 (pins 12 and 13-active low and high respectively).

Fig. 2 L292
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SYSTEM DESCRIPTION (continued)

Thus the output stage may be inhibited by taking pin 12 high or by taking pin 13 low. The output will
also be inhibited if the supply voltage falls below 18V.

The enable inputs were implemented in this way because they are intended to be driven directly by a
microprocessor. Currently available microprocessors may generates spikes as high as 1.5V during power-
up. These inputs may be used for a variety of applications such as motor inhibit during reset of the
logical system and power-on reset (see fig. 3).

Fig. 3

L292
ceE2 CEl
12 13

I S- 4175

Fig. 4 - Application circuit

FROM ENCODER
0

Ry R2 Ry

ALYy 1
100pF 100pF [ 100pF

C
12 1 ; L290

®
10 10
APROCESSOR ©-

®-4

+20V < SPPOLLE.
:470uF

o.220 L292

g 500 5100
Rg 17 Ci3
47kal] Vs GND Vg 22K 47nF
Cg, IRD 7 s s
22Kn N ouriour R, |Ro
0225F | o0 s /
lncuon Rg TURR,
5KQ Las2 SEns)
S 12 ok %o
L291 DAC/IN BACIOUT ,
Ry, [IR
2 |Ri3 i
L 1 ERRN ERRY| 1 jook 1120k |,y ]
L2s1 5 LEVED ERRO COMP, 0l sa
ME, 3
3 |sc2 A s SHIF, AME e 2
Ipaco 15 nF T |
4]sc3 POSIIN_ |15
REF
rom 5{scs [ posrout Ris Inhibit Inhibit 0% %o,
3 . 4xIN4001
JPROCESSOR ] @ 16 JiSKA. oscitL. .
6|scs T
" -, COMPIIN ce2|cer
e R . : s | 10 Z 2 13 5
LR -info . " L
! 10 AL R[] =xCvr
[ e 150F oN(H)
Strobe O1pF |01pF 15K0 OFF(L)
I 1 0 12 -2
4V GND -V
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APPLICATION INFORMATION

This section has been added in order to help the designer for the best choise of the values of external
components.

Fig. 5 - L292 block diagram

s100 5100
Ry
i RS,
2260
R
7 2 1
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L292
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| 1 o

| ! 30

' | (

! VR=+8V osc | -
L,
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|

1
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i WY

H

H

i

s

The schematic diagram used for the Laplace analysis of the system is shown in fig. 6.

Fig.6 ________

I
l ! Iy |
| 1+sRC Gmo
¥i O—H % T ; < : ™ T Im
I | SHF | 1l1+s®
' ! !
" - —— - = |
e
| '
Re ! Rs
1+ SReC [ : R4 |
[ !
I ' CURRENT ‘
I | SENSING !
FILTER ! | AMPLIFIER i
S-&1761 . | e e !

Rs; = Rsa = Rg (sensing resistors)
—— = 0.005 21 (current sensing amplifier transconductance)
Ly = Motor inductance

Rm = Motor resistance
Im = Motor current

Gmo= %"— s-0 (DC transfer function from the input of the comparator (V)to the motor cur-
™ =
rent (Iy)).

117

et e e e -




APPLICATION INFORMATION (continued)

Neglecting the Vg, of the bridge transistors and the Vgg of the diodes:

1 2V
Rm Ve

where: V, = supply voltage
Vr=8V (reference voltage)

Gmo =

DC transfer function
In order to be sure that the current loop is stable the following condition is imposed:

1+sRC = 1+ s Lwm (pole cancellation) (2)
M
. Lm
from which RC = R

(Note that in practice R must be greater than 5.6 Ka)

The transfer function is then,

Im R2 Rq 1+sReCg
—_ = G
Vv, ) RiRs 0 Gmo Rs + s RgC+52 ReCeR,C (3)

In DC condition, this is reduced to
Im _ RyRy 1V _ 0.044 A
vi T Rmw R T TRV “

Open-loop gain and stability criterion
For RC = Ly /R, the open loop gain is:

1 . Rs Re _ Gmo Rs 1
AB = sRC Gmo R 1+sReCe ~ Rs4C s (1+sReCf) (6)
4
In order to achieve good-stability, the phase margin must be greater than 45° when |A 8| = 1.
That means that, at fg = ﬁ ,must be |A 3] <1 (see fig. 7), that is
FUF
Gmo R ReC
|ABI 1 = 2mo s TFYF (6)
=1 R4C V2
f=ZeRecr 4
Fig. 7 - Open-loop frequency response
1ABI
1
0ds /ZTYRFCF

I T H
. phase margin <—pole
>45°
5=4617711
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APPLICATION INFORMATION (continued)

Closed-loop system step response
a) Small-signals analysis.

The transfer function (3) can be written as follows:

Fig. 8 - Small signal step
response (normalized ampli-
tude vs. t/RFCF)

[ 1

s-1V7

§=1

Vel
/
7

is the cutoff frequency

= —R4—C——-————- is the dumping factor

P

By choosing the & value, it is possible to determine the system
response to an input step signal. Examples:

t
2RgC
-e PP+

{where V; is the amplitude of the input step).

_ 1
WCF )y oa

Im ()= 0é044 (1 -cos

o

with V, = 1.5 Vp.

200mV/div.
100mA/div.

From fig. 9, it is possible to verify that the L292 works in ""closed-loop” conditions
motor current rise-time: the voltage at pin 7 (inverting input of the error amplifier) is locked to the
reference voltage V r, present at the non-inverting input of the same amplifier.

The previous linear analysis is correct for this example.

Decreasing the £ value, the rise-time of the current decreases. But for a good stability, from relationship
(6), the minimum value of £ is:

(phase margin = 45°)

Fig. 9 -Motor current and pin 7 voltage
waveforms (application
signal response

of fig.5).Small

during the entire




APPLICATION INFORMATION (continued)

b) Large signal response

The large step signal response is limited by slew-rate and inductive load.
In this case, during the rise-time of the motor current, the L292 works in open-loop condition, as
can be seen from the photograph of fig. 10.

Fig. 10 -~ Motor current and pin 7 voltage waveforms
(application of fig. 5) Large signal response.

oV
VvV, = 1V/div.
Iy = 0.5A/div.
t = 500us/div.

OA

The voltage at pin 7 (inverting input of the error amplifier) departs from the reference voltage Vg
present at the non-inverting input and the feedback loop is open.
The fedback loop is on when the motor current reaches its steady-state value (2A).

Closed loop system bandwidth
A good choice for £ is the value 1/A/2. In this case:
0.044 1+sRgCg

Im
M () = 8
v, © R, 1+25 R Cp + 252 Rp2Cp2 ®)
The module of the transfer function is:
| Im | = 0.044 2 v/ 1+w? Re2 Cg2 ©)
V, Rs \/[(1+20)RFCF)2+1]'[(1—2(.0RFCF)2+1]

The cutoff frequency is derived by the expression (9) by putting | {/ll = 0.707 (-3 dB), from which:
1

0.9 - _09

“r= R.ch fr= ZrRoc.
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APPLICATION INFORMATION (continued)

Example:

a) Data —

b) Calculation —

c) Summarising —

Motor characteristics : Ly, =5 mH
Rm =5
Lm/Rpm = 1 msec
Voltage and current characteristics:
Vs = 20V Im = 2A V,= 9.1V
Closed loop bandwidth: 6 KHz.
From relationship (4):
R =204 _ 020
Im
and from (1):
2V _
Gno = F“;_s\_/_; =107
RC =1 msec [ from expression (2) ].
Assuming &= 1A/ 2; from (7) follows:
g = 1 _ 200C
2 4 ReCg + 0.2
The cutoff frequency is:
_ 143-103 _
fr R.C, 6 KHz
RC= 1-103 sec C= 47 nF
500C _ _
ReCr 1 R= 22 Ka

ReCg = 24 usec

For Rg = 56102 = Cg = 47 nF.

NOTE - For a more detailed description of the L290-L291-L292 and its applications
refer to SGS - TECHNICAL NOTES TN149 and TN150.
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LINEAR INTEGRATED CIRCUITS

' PRELIMINARY DATA
PUSH-PULL FOUR CHANNEL DRIVERS

The L293 and the L293E are monolithic integrated high voltage, high current four channel drivers in
dual in-line plastic package with 16 leads and 20 leads respectively. They are designed to accept standard
DTL or TTL input logic levels and drive inductive loads (such as relays, solenoids, DC and stepping
motors) and switching power transistors.

Both are provided of complementary push-pull output stage, two inhibit inputs (which disable two
channels each), and an additional supply inputs so that the logic circuitry may run at a lower voltage to
reduce power dissipation.

In the L293E the emitters of the lower transistors of each push-pull stage are not internally grounded
and the corresponding pins can be used for the connection of an external sensing resistor, making very
easy switch-mode current control.

The main features of the L293 and of the L293E are:

1A output current capability per channel

2A peak output current (non-repetitive) per channel

Inhibit facility

Overtemperature protection

— Logical “’O” input voltage up to 1.5V (high noise immunity).

The devices are assembled in new packages which have the four central pins connected together and used
for heatsinking and grounding.

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage 36 \
Vs Logic supply voltage 36 \Y
Vi Input voltage 7 \)
Vinnh Inhibit voltage 7 \%
lout Peak output current (non-repetitive) 2 A
Piot Total power dissipation at Tgound-pins= 80°C 5 w
Tstgr Tj Storage and junction temperature -40 to 150 °C
ORDERING NUMBERS: L293B (16 leads)

L293E (20 leads)
MECHANICAL DATA Dimensions in mm

6/82 122



CONNECTION AND BLOCK DIAGRAM (L293)

(top view)

Y
cHip enasLe |1 16]] Vss
INPUT 1 - 15(] INPUT &
OUTPUT 1 IE wl]  outpute
GND I« 13f) GND
GND [Is 2] GND
OUTPUT 2 ls nfl  ourpur 3
INPUT 2 I 10]] INPUT 3
Ve lle 9 [} crip ENaBLE 2
Saes

CONNECTION AND BLOCK DIAGRAM (L293E)

(top view)
cHiP ENABLE1] 1 ~ 20[) Vss
INPUT 1 Il 9] INPUT 4
oureut 1 [f3 18[) OUTPUT 4
SENSE 1 {1« 17]) SENSE 4
GND {Is 5[] GND
GND 13 s]] GND
sensez |7 wf]  senses
outpurz |8 1] outputs
INPUT 2 1B 12[] INPUT 3
Ve [10 11 []cHIP ENABLE 2
TT5TeY

L293

1,

. —

o=

r ¥

+Vs

$-3827/2

Y =
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SCHEMATIC DIAGRAM

Gl

AR}

(7)(8) (3)(4) (2) 2) (14)13) (18)17)

(*) In the L293 these points are not externally available. They are internally connected to the ground (substrate).
O Pins of L293 () Pins of L293E

S- 5184




THERMAL DATA

F‘th j-case
Rin j-amb

Thermal resistance junction-case
Thermal resistance junction-ambient

max
max

14
80

°C/W
°C/W

ELECTRICAL CHARACTERISTICS (For each channel, Vo= 24V,

unless otherwise specified)

Vgs= 5V, Tomp= 25°C,

Parameter Test conditions Min Typ. Max. Unit
Vg Supply voltage 36 \%
Vg Logic supply voltage 4.5 36 \Y
Ig Total quiescent supply Vi=L lo=0 Vinh=H 2 6
current Vi = Io=0 Vinh=H 16 24 | mA
Vinn= L 4
lss Total quiescent logic Vi=L lo=0 Vinh=H 44 60
supply current Vi = 6=0  Vipn=H 16 22 | mA
Vinh=L 16 24
ViL Input low voltage -0.3 1.5 \Y
VinH Input high voltage Vg <7V 2.3 Vs
Vss > 7V 23 7 v
L. Low voltage input current | V; = -10 KA
lin High voltage input current Vi=H 30 100 uA
VinhL Inhibit low voltage -0.3 15 \%
VinhH Inhibit high voltage Vgs <7V 23 Vg v
Vg > 7V 2.3 7
linhL Low voltage inhibit current -30 -100 HA
linhH High voltage inhibit £10 uA
current
VcEsatH Source output saturation lo = 1A 1.4 1.8 \%
voltage
VcEsatL Sink output saturation lo =-1A 1.2 1.8 \%
voltage
Vgens — Sensing Voltage 2 Vv
(pins 4, 7,14, 17) (**)
ty Rise time 0.1t0 0.9 Vg (*) 250 ns
tg Fall time 0.91t00.1 Vg, (*) 250 ns
ton Turn-on delay 0.5 Vjt0 0.5 V, (*) 450 ns
toff Turn-off delay 0.5 V;t0 0.5V, (*) 200 ns
(*) See fig. 1.

(**) Referred to L293E.




TRUTH TABLE

Fig. 1 - Sw

V; (each channel) Vo Vinh. ©°) 05V,
Vi /
H H H
L L H
H X (°) L
L X (e L Vo
(°) High output impedance.
(°°) Relative to the considerate channel.
S-4171

Fig. 2 - Saturation voltage
vs. output current

G-4345

itching times

Fig. 3 - Source saturation
voltage vs. ambient tempe-
rature

Fig. 4 - Sink saturation volt-
age vs. ambient temperature

G-4346 6-4347
VCE sat VeE satn Ve satL
(v) ) (v)
Ve =24V Vg= 26V Vo= 24V
3 Vinhibit=Yss=5V 3 Vi=Vinhibit=Yss =5V 5 Vinhibit=Vss =5V
| A ToeT5A
1 |
2
: / | 2 L 1o =154
VCE satH, L lo=1 A ™ |
T | 1,14
0F
/é Veesat L . |
1 1 F— 15=0.5A , — ok
— T—— | | 0=0.54
= ——{1520.1A 1,014
0 J 0 I
o 0.5 1 15 1, () - 50 o 50 100 T,p(°C) -50 0 50 100 Tamp(°C)

Fig. 5 - Quiescent logic

Fig. 6 - Output voltage vs.

Fig. 7 - Output voltage vs.

supply current vs. logic input voltage inhibit voltage
supply voltage eros o eros s
s Yo T Vo Vo =24V
(ma) V=24V Vgg= Vi =5V
Vs s24V || Vss=Vinhibit =5V 1
50— ;in:?.\."su e Vs~ VCE sath VsVeE sat H
/ // [ Tamb=25°C
4“8 - Torpe 35°C 11 s _‘
— b °C
45 — —— 1]
[~ 40°C I/
" ]
; i
- Il /
Ve sat L Veesat L
| L
o 0 20 30 Vas(V) ) 15 2 5 ww ' 15 2 Vinhibit (V)
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APPLICATION INFORMATION

Fig. 8 - DC motor controls (with connection
to ground and to the supply voltage)

Fig. 9 - Bidirectional DC motor control

v Vg
) "] k
NG00 M1 1N4001 & 2uso0 g
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IN40O1 1N4001
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10 1 15 14 ¢ o
€ Ooves & Al 7
8 16 +Vss
12 L 293 8
OV 121293
B %.512,13 O Vi
$-5163 _L oo _L4.5,12,13 int
Vinh | A M1 B M2 INPUTS FUNCTION
H H | Fast motor H | Run C=H; =L Turn right
stop
Vinh=H C=L; = Turn left
H L | Run L | Fast motor
stop C=D Fast motor stop
L X | Free running X | Free running Vinh=L C=X; D=X Free running
motor stop motor stop motor stop
L= Low H = High X = Don’t care L= Low H = High X = Don't care
Fig. 10 - Bipolar stepping motor control e
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APPLICATION INFORMATION (continued)

Fig. 11 - Stepping motor driver with phase current control and short circuit protection

O+Vg
( ARG
| T Towr
1 20 OvsV
"o 2 19 ovs
3 18
D2 D1 ) H
¢ %J_ e 17 L™ Pt
5 16
o & l 6 s l Lz!nlz
D& D 1 14 D8 D7
e >
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V20 2 12 —OVs
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L293E
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2xING148 RS1 RS2 2xIN4148
Yos ]Fo\o 10 10 yonyon
+S5V
cP2 R4[ 10
R1 103 K
b 33>ty
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———
RS R7
C3
wh s
| 51‘“E I0,'I}JF J
C4 R9 R10 cs
1FFt£]IOKn 10K0 [M3
100K 0 | 100K
+5V » 1
RTI R72
CP:. CP4 R17
6 4 10KQ
. 14 SN2
L339 7 10K 10KQ 5 L3
T} I}
R13 R15
47K 47KA
R4 R16 5-5166

D1+ D8 : 0.5A fast diodes (1N4001 or equivalent).

NOTE - For a more detailed description of the L293/L293E and its applications, refer to
SGS-TECHNICAL NOTE TN.150.
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MOUNTING INSTRUCTIONS

The Rinj-amp Of the L293 and the L293E can be reduced by soldering the GND pins to a suitable copper
area of the printed circuit board or to an external heatsink.

The diagram of fig. 13 shows the maximum dissipable power Py, and the Rynj_amp as a function of the
side Q" of two equal square copper areas having a thickness of 35 u (see fig. 12). In addition, it is pos-
sible to use an external heatsink (see fig. 14).

During soldering the pins temperature must not exceed 260°C and the soldering time must not be longer
than 12 seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

Fig. 12 - Example of P.C. board copper area Fig. 13 - Max. dissipable
which is used as heatsink power and junction to am-
COPPER AREA 354 THICKNESS bient thermal resistance vs.
size “'Q"’
G-3558
Prot Rin
(w) (*CIW)
4 80
N&th j-amb
3 \\] - 60
Nl
~
- 2 ::l.o
" TPot. Tamp =70°C)
1 20
o [
\ [ 10 20 30 40 (| (mm)
\ P
P.C.BOARD
Fig. 14 - External heatsink mounting Fig. 156 - Maximum allow-
example (Ry,= 30 °C/W) able power dissipation vs.
ambient temperature
17.0mm 6-4350
\ Prot ]
(w)
5
N ¢
4 S,/v* A
%, Z
n. &
9mm 3 1 %___
5 Al
2 N’A,, | -\At
EaEEE An
Frer 1) i
1 Alp
I
S 0 111
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LINEAR INTEGRATED CIRCUIT

SWITCH MODE SOLENOID DRIVER

The L294 is a monolithic integrated circuit in an 11-lead MULTIWATT® package. It is particularly
suited for solenoid driving,such as hammers and needles in printers and computer. hard-copy peripherals.

speed to be driven (switch ON/switch OFF time is very short) and to%:g},
pared to standard solutions.

Furthermore, the L294 incorporates a diagnostic circuit with lati
function (for instance electromagnet coil in short circuit). .
The L294 main features are:

high voltage operation (up to 50V)

high output current capability (up to 4A)
low saturation voltage
— MP compatible input

|

It also includes the following protecti

— thermal shut down
— load overdriving protegﬁ:c;o

i

50 \%

7 Y

7 Y

7 \Y

I Peak output current (repetitive) 4.5 A

Piot Total power dissipation (at T¢ase= 75°C) 25 w

Tstq, T;  Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L294

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)
| S~ Wlr—— sink outeut
$ 10|CT_T_——_——> CURRENT SENSING
9IT—T——> ENABLE
8T T ——> TIMING
7|[T—T——> INPUT VOLTAGE
6| IT—_T———> GND
sIIT_T——> DIAGNOSTIC OUTPUT
4| T_T——> LOGIC SUPPLY VOLTAGE
3I_T——> ON TIME LIMITER
$— 2 SOURCE OUTPUT
p 1 POWER SUPPLY VOLTAGE
Y N
Tab connected to pin6 S-s3n
8|GTG Vgg=+5V +Vg
Ts 4 1
7 SHORT
@ + 9R H=OFF FiF ) CIRCUIT
Vi L=ON PROTECTION]
2
_ \ 24
R _}\ o i A INHIBIT |~
- T g !
- F R IJI]p
COMR. SOURCE
STAGE 20UT
11
-~ SINK out
STAGE v
LI ON
e MITE
i LIMITER D13
THERMAL
3 t
1 PROTECTION Cureny
.Eu y 10
Clmpm F RS=
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-

C1
33KNn 4.7nF
R1
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THERMAL DATA

Rih jcase Thermal resistance junction-case max 3 °C/w

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vg =40V, V=5V, T, ,p=25°C,

unless otherwise specified).

Parameter Test conditions Min. Typ. Max. Unit
Vg Power supply voltage (pin 1) Operative condition 12 46 \%
lg Quiescent drain current (pin 1) VenasLe= H 20 30 mA
Vi >0.6V; VENABLE= L 70
Vs Logic supply voltage (pin 4) 45 7 \
lss Quiescent logic supply current Vpiag=L 5 8 mA
::r)riggi:nl‘::tepm at high 10 100 UA
Vi Input voltage (pin 7) Operating output 0.6 v
Non-operative output 0.45
l Input current (pin 7) V; > 06V -1
V; <045V 3 HA
VenapLE Enable input voltage (pin 9) Low level -0.3 0.8 v
High level 24
lenaBLE Enable input current (pin 9) VenABLE= L -100
LA
VenasLe=H 100
lioad/Vi  Transconductance Rs=0.2Q Vi=1V 0.95 1 1.05 ANV
V=4V 0.97 1 1.03
Vsat H Source output saturation Ip=4A 1.7 \
voltage
Vsat L Sink output saturation Ip=4A 2 \
voltage
Vsat HtVsat L Total saturation voltage Ip=4A 45 \4
lleakage Output leakage current Rs=0.2Q; V; <045V 1 mA
K On time limiter constant (°) VenaBLE= L 120 KQ
Vpiag Diagnostic output voltage Ipiag= 10 mA 0.4 v
(pin 5)
IpiaG Diagnostic leakage current Vpiag= 40V 10 HA
(pin 5)
Vping _ OP AMP and OTA DC voltage Vpin 10= 100 to 800 mV 5
m gain (°°)
Vsens Sensing voltage (pin 10) (°°°) 0.9 Y

(°)  After a time interval tax= KCy, the output stages are disabled.
(°2) See the block diagram.
(°c°) Allowed range of Vggns without the intervention of the short circuit protection.

132



CIRCUIT OPERATION

The L294 works as a transconductance amplifier: it can supply an output current directly proportional
to an input voltage level (V;). Furthermore, it allows complete switching control of the output current
waveform (see fig. 1).

The following explanation refers to the Block Diagram, to fig. 1 and to the typical application circuit of
fig. 3.

The t,, time is fixed by the width of the Enable input signal (TTL compatible): it is active low and
enables the output stages “source’” and “sink”. At the end of t,,, the load current l,y,4 recirculates
through D1 and D2, allowing fast current turn-off.

The rise time t, depends on the load characteristics, on V; and on the supply voltage value (V, pin 1).
During the to, time, | ;554 is converter into a voltage signal by means of the external sensing resistance
R connected to pin 10. This signal, amplified by the op amp and converted by the transconductance
amplifier OTA, charges the external RC network at pin 8 (R1, C1). The voltage at this pin is sensed by
the inverting input of a comparator. The voltage on the non-inverting input of this one is fixed by the
external voltage V; (pin 7).

After t,, the comparator switches and the output stage ‘‘source’’ is switched off. The comparator output
is confirmed by the voltage on the non-inverting input, which decreases of a constant fraction of V;
(1/10), allowing hysteresis operation. The current in the load now flows through D1.

Two cases are possible: the time constant of the recirculation phase is higher than R1.C1; the time
constant is lower than R1.C1. In the first case, the voltage sensed on the non-inverting input of the
comparator is just the value proportional to l;5,q. In the second case, when the current decreases too
quickly, the comparator senses the voltage signal stored in the R1 C1 network.

In the first case t; depends on the load characteristics, while in the second case it depends only on the
value of R1.C1.

In other words, R1.C1 fixes the minimum value of t; (t; = 1/10 R1.C1. Note that C1 should be chosen
in the range 2.7 to 10 nF for stability reasons of the OTA).

After t;, the comparator switches again: the output is confirmed by the voltage on the non-inverting
input, which reaches V; again (hysteresis).

Now the cycle starts again: t,, t4 and tg have the same characteristics as t,, while t3 and t5 are similar to
t;. The peak current I, depends on V; as shown in the typical transfer function of fig. 2.

It can be seen that for V; lower than 450 mV the device is not operating.

For V; greater than 600 mV, the L294 has a transconductance of 1A/V with R;= 0.2a. For V; included
between 450 and 600 mV, the operation is not guaranteed.

The other parts of the device have protection and diagnostic functions. At pin 3 is connected an external
capacitor C2, charged at constant current when the Enable is low.

After a time interval equal to K - C2 (K is defined in the table of Electrical Characteristics and has the
dimensions of ohms) the output stages are switched off independently by the Input signal.

This avoids the load being driven in conduction for an excessive period of time (overdriving protection).
The action of this protection is shown in fig. 1b. Note that the voltage ramp at pin 3 starts whenever
the Enable signal becomes active (low state), regardless of the Input signal. To reset pin 3 and to restore
the normal conditions, pin 9 must return high.

This protection can be disabled by grounding pin 3.

The thermal protection included in the L294 has a hysteresis.

It switches off the output stages whenever the junction temperature increases too much. After a fall of
about 20°C, the circuit starts again.

Finally, the device is protected against any type of short circuit at the outputs: to ground, to supply and
across the load.

When the source stage current is higher than 5A and/or when the pin 10 voltage is higher then 1V (i.e.
for a sink current greater than 1V/R;) the output stages are switched off and the device is inhibited.

This condition is indicated at the open-collector output DIAG (pin 5); the internal flip-flop F/F changes
and forces the output transistor into saturation. The F/F must be supplied independently through V¢
(pin 4). The DIAG signal is reset and the output stages are still operative by switching off the supply
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CIRCUIT OPERATION (continued)

voltage at pin 1 and then by switching the device on again. After that, two cases are possible: the reason
for the “’bad operation’’ is still present and the protection acts again; the reason has been removed and

the device starts to work properly.

Fig. 1 - Output current waveforms

| §'10ad lload
I

K

Fig. 2 - Peak output current

vs. input voltage
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Fig. 3 - Test and typical application circuit

D1:3A tast diode S-5311/1
D2:1A fast diode

Fig. 5 - Safe operating areas
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CALCULATION OF THE SWITCHING TIMES

Referring to the block diagram and to the waveforms of fig. 1, it is possible to calculate the switching
times by means of the following relationships.

L R
t=——x—In (1- V—;' lp) where: V1= Vi —Vai; — Vatn — VR sens
L
_ L V2 . -
tf= — ?L— In m—— where: V2= V4 +Vp; +Vp,
Ik <l <1y
I, is the value of the load current at the end
of ton.
a) — L In 0.9 ‘p * RI_ +V3 where
R Ip R +V3 V3= VaiL * Vrsens + Vb1
Hh=t3=t5=... = ]
b) —R1C1 In0.9 = 0 R1C1
|
L V1-1, R
=ty =tg=... == — In (——F——
2=t =1 rRe ™ TRy
Note that the time interval t; = t3 = ts =. ... takes the ionger value between case a) and case b). The
switching frequency is always:
switching tl + t2

In the case a) the main regulation loop is always closed and it forces:

Ik = (09£8) 1, where: gi 13;{,0/ g xi
- B 0 i

v
4v

o

In the case b), the same loop is open in the recirculation phase and I, which is always lower than 0.9 I,
is obtained by means of the following relationship.

tl RL tl RL
R - P T
AL (1—e

With the typical application circuit, in the conditions Vg = 40V, I, = 4A, the following switching times
result:

t,= 255us te=174us @ lg= I,
_ a) 70us
17 b)) 16us ty= 29 us = 10.2 KHz
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LINEAR INTEGRATED CIRCUIT

VERY LOW DROP 5V VOLTAGE REGULATOR

® PRECISE OUTPUT VOLTAGE (5V +2.5%)
® VERY LOW DROPOUT VOLTAGE

® QUTPUT CURRENT IN EXCESS OF 500 mA
®

®

[ ]

POWER-ON, POWER-OFF INFORMATION (RESET FUNCTION)

+100/-100V LOAD DUMP PROTECTION

OVERVOLTAGE AND REVERSE VOLTAGE PROTECTIONS
® SHORT CIRCUIT PROTECTION AND THERMAL SHUT:@(}W \
The L487 is a monolithic integrated circuit in Pentawatt package specially designed to provide a sta-
bilized supply voltage for automotive and industrial electronic systems. Thanks to its very low voltage
drop, in automotive applications the L487 can work: tly even during the cranking phase, when the
battery voltage could fall as low as 6V. Furthée it incorporates a complete range of protection
circuits against the dangerous overvoltag resent on the battery rail of the car. The reset
function makes the device particularly sui 'y microprocessor based systems: a pulse is avail-
able (after an externally programmabl the microprocessor at power-on phase; at power-
off, this pulse becomes low inhibiti

30 \)
-18 \%
100 \)
o -100 \Y
Top Operating’junction temperature -40 to 150 °C
Tstg Storage temperature -55 to 150 °C
ORDERING NUMBER: L487B
MECHANICAL DATA Dimensions in mm
: 1785
31 1575
i \ | er
T Ty el -
. ] Pt T <
212
25 J ?5 104
¢ - 53755385 . woos
aly X
== Y
: —28] -
e
158m
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LINEAR
INTEGRATED
CIRCUIT

ADVANCE DATA

HIGH CURRENT SWITCHING REGULATOR

5.1V TO 40V OUTPUT

4A OUTPUT CURRENT

UP TO 160W OUTPUT POWER

PROGRAMMABLE CURRENT LIMITER

SOFT START

RESET OUTPUT

PRECISE (£ 2%) ON-CHIP REFERENCE

VERY FEW COMPONENTS

SWITCHING FREQUENCY TO 200 kHz

VERY HIGH EFFICIENCY (UP TO 90%)

THERMAL SHUTDOWN

REMOTE INHIBIT AND SYNC INPUT

CONTROL CIRCUIT FOR CROWBAR SCR

The L296 is a monolithic power switching regulator delivering 4A at a voltage variable from 5.1V to
40V in step down configurations. Features of the device include programmable current limiting, soft
start, remote inhibit, thermal protection, a reset output for microprocessors and a synchronisation input
for multichip configurations. The L296 is mounted in a 15-lead MULTIWATT plastic power package
and requires very few external components. Efficient operation at switching frequencies up to 200 kHz
allows a reduction in the size and cost of external filter components. A voltage sense input and SCR
drive output are provided for optional crowbar overvoltage protection with an external SCR.

ABSOLUTE MAXIMUM RATINGS

000 . O0O0O0OGOOONOOS

Vi Input voltage 50 \%
lo Output current internally limited
Ir Reset output current 50 mA
Vg Reset output voltage 50 \%
Vinn Inhibit voltage 15 Vv
Py Power dissipation at T, < 90°C 20 )
T; Junction temperature range -25 to +150 °C
Tetq Storage temperature range -65 to +150 °C

ORDERING NUMBER: L296
MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)

—> CROWBAR DRIVE
—> RESET OUTPUT
> RESET DELAY

F—————> RESET INPUT

————> OSCILLATOR

[—————> FEEDBACK INPUT

>

————— >

 —
>
>

—1
-

>
——

FREQUENCY COMPENSATION

GROUND

SYNC. INPUT

INHIBIT INPUT

SOFT-START

CURRENT LIMIT

SUPPLY VOLTAGE

OuTPUT

CROWBAR INPUT \

NWROO NP G

iy

|

$-584911

BLOCK DIAGRAM

CROWBAR
INPUT CROWBAR

ODRIVE
CURRENT
I LiMIT
SUPPLY OSC. Rosc. Cosc. [SYNC.

VOLTAGE 11 7 4 1 15
o 3 | I
COMP. CROWBAR
SAWTOOTH
OSCILLATOR

ouTt

O] FEEDBACK

51V GND
REFERENCE| g E

/I .
9
RS L s S :
INHIBIT S1v
cs 0.4V FLIP

B
-
s
o
°

Ol

™—
I
Il

o

B l\OOFA
12 RESET INPUT
0
4 RESET OUTPUT
RESET -O
THERMAL »—) Qr
SHUTDOWN 13
LRESET
. 6 5 IDELAV
INHIBIT == s
$-5834/1 INPUT I
N
THERMAL DATA
Rih j-case  Thermal resistance junction-case max 3 °C/w
Rth j-amp  Thermal resistance junction-ambient max 35 °C/W
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PIN FUNCTIONS

N°

NAME

FUNCTION

CROWBAR INPUT

Voltage sense input for crowbar overvoltage protection.
Normally connected to the feedback input thus trig-
gering the SCR when V ; exceeds nominal by 20%.
May also monitor the input and a voltage divider can be
added to increase the threshold. Connected to ground
when SCR not used.

OUTPUT

Regulator output.

SUPPLY VOLTAGE

Unregulated voltage input. An internal regulator powers
the L296’s internal logic.

CURRENT LIMITER

A resistor connected between this terminal and ground
sets the current limiter threshold (1.5 to 5A).

If this terminal is left unconnected the threshold will
be BA.

SOFT START

Soft start time constant. A capacitor is connected bet-
ween this terminal and ground to define the soft start
time constant. This capacitor also determines the average
short circuit output current.

INHIBIT INPUT

TTL — level remote inhibit. A logic high level on this
input disables the L296.

SYNC INPUT

Multiple L296s are synchronised by connecting the sync
inputs together and omitting the oscillator RC network
on all but one device.

GROUND

Common ground terminal.

FREQUENCY COMPENSATION

A series RC network connected between this terminal
and ground determines the regulation loop gain charac-
teristics.

FEEDBACK INPUT

The feedback terminal of the regulation loop. The out-
put is connected directly to this terminal for 5.1V oper-
ation; it is connected via a divider for higher voltages.

1

OSCILLATOR

A parallel RC network connected to this terminal deter-
mines the switching frequency. This pin must be connec-
ted to the sync input when the internal oscillator is used.
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PIN FUNCTIONS (continued)

N° NAME FUNCTION

12 RESET INPUT This input fixes the threshold of the reset signal gene-
rator. It may be connected to the feedback point or via a
divider to the input.

13 RESET DELAY A capacitor connected between this terminal and ground
determines the reset signal delay time.

14 RESET OUTPUT "~ Open collector reset signal output. This output is ON
when the supply is safe.

15 CROWBAR OUTPUT SCR gate drive output of the crowbar circuit.

CIRCUIT OPERATION

The L296 is a monolithic stepdown switching regulator providing output voltages from 5.1V to 40V and
delivering 4A.

The regulation loop consists of a sawtooth oscillator, error amplifier, comparator and the output stage.
An error signal is produced by comparing the output voltage with a precise 5.1V on-chip reference
(zener zap trimmed to * 2%). This error signal is then compared with the sawtooth signal to generate
the fixed frequency pulse width modulated pulses which drive the output stage.

The precision and frequency stability of the loop can be adjusted by an external RC network connected
to pin 9. Closing the loop directly gives an output voltage of 5.1V. Higher voltages are obtained by in-
serting a voltage divider.

Output overcurrents at switch on are prevented by the soft start function. The error amplifier output is
initially clamped by the external capacitor Cs and allowed to rise, linearly, as this capacitor is charged by
a comstant current source.

Output overload protection is provided in the form of a current limiter. The load current is sensed by an
internal metal resistor connected to a comparator. When the load current exceeds a preset threshold this
comparator sets a flip flop which disables the output stage and discharges the soft start capacitor. A
second comparator resets the flip flop when the voltage across the soft start capacitor has fallen to 0.4V.
The output stage is thus re-enabled and the output voltage rises under control of the soft start network.
If the overload condition is still present the limiter will trigger again when the threshold current is
reached. The average short circuit current is limited to a safe value by the dead time introduced by the
soft start network.

The reset circuit generates an output signal when the supply voltage exceeds 5 threshold programmed by
an external divider. The reset signal is generated with a delay time programmed by an external capacito
When the supply falls below the threshold the reset output goes low immediately. The reset output is an
open collector.

The crowbar circuit senses the output voltage and the crowbar output can provide a current of 100 mA
to switch on an external SCR. This SCR is triggered when the output voltage exceeds the nominal by
20%. There is no internal connection between the output and crowbar sense input therefore the crowbar
can monitor either the input or the output.
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CIRCUIT OPERATION (continued)

A TTL — level inhibit input is provided for applications such as remote on/off control. This input is
activated by high logic level and disables circuit operation. After an inhibit the L296 restarts under con-

trol of the soft start network.

The thermal overload circuit disables circuit operation when the junction temperature reaches 150°C

and has a hysteresis of 20°C.

Fig. 1 - Reset output waveforms
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Fig. 2 - Soft start waveforms
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,mp= 25°C unless otherwise
specified)

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage range 5.1 40 \%
Vi Supply voltage range 8 50 \%
lo max  Output current 4 A
loL Current limit Pin 4 open 5 A
Rjim= 33 KQ 25 A
Vat Output transistor saturation lo = 4A 2 \
voltage lo = 2A 1.3 \%
fs Switching frequency Rosc= 4.7 KQ  Cgoge= 2.2 nF 100 kHz
Efficiency f =100 KHz
V=35V Vo =5.1V 75 %
lo =3A Vo =12V 85 %
Vo Line regulation V; =10 to 40V
Vo =5.1V lo=2A 20 mV
Vo Load regulation V=15V Vo =5.1V
lo = 2A to 4A 10 mV
lo = 0.6A to 4A 15 mV
SVR Supply voltage rejection f =100 Hz 60 dB
M REF Internally reference voltage V;=8to 50V 5 5.1 5.2 \

VREF Average temperature coeff.

of reference voltage 0.2 mv/°C
e Stoft start time 20 ms
I Output average current with Cs=2.2uF 06 A
short circuit output N
RESET SECTION
VRTi Reset threshold voltage V; =8 to 50V -10% Vyef +10% \
(pin 12) -100mV
VRTo Reset out low voltage I =16 mA 0.2 Vv
(pin 14)
Delay time (pin 13) Creset = 2.2 uF 100 ms
CROWBAR SECTION
Threshold voltage +12% Vies +23%
(pin 12) +20%
| source 100 mA
. Pin 15
| sink 5 mA
Delay time 10 us
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max Unit

INHIBIT SECTION
VinHL  Low input voltage 1.2
VinHH  High input voltage 2.2
hNHL Input current with low input

voltage 100 uA
lynHH  Input current with high input

voltage 10 A
ERROR AMPLIFIER SECTION
Vos Input offset voltage 2 mV
los Input offset current 25 nA
Ip Input bias current 0.2 LA
Gy Large signal open loop gain 60 dB

Out sink current 200 HA
loe

Out source current 200 uA
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Fig. 4 - Test circuit
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Fig. 5 - P.C. board and component layout of the circuit of fig. 4 (1:1 scale)
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SELECTION OF COMPONENT VALUES

Recommended Allowed Range
P
Component Value urpose Min. Max. NOTE
R