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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

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

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the bodly, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided with the product, can be reasonably expected
to result in significant injury to the user.
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INTRODUCTION

CONTINUOUS INNOVATION IN AUDIO ICs

In 1969 SGS-THOMSON Microelectronics developed the world’s first monolithic audio power
amplifier.Since then the company has always remained at the forefront in this field,designing
many ICs that have become worldwide standards like the TDA2005 and TDA2030 and
searching continually for innovative solution in technology,circuit design and packages.

These are just some of the SGS-THOMSON innovations:

* Fully complementary output stage thanks to new BTI technology; used in TDA7350 &
TDA7360 (stereo) and TDA7370 (4 channel).

* Clipping detector circuit; used in TDA7360, TDA7362, TDA7363.

* High voltage bipolar technology used inTDA2050 & TDA2052.

* Mixed Bipolar technology to reach 100V.

* Pentawatt®, Heptawattt™, Multiwatt®, PowerDIP and Clipwatt™ power packages.

This technological leadership has brought‘with it an exceptional success in world markets: over

the last 20 years SGS-THOMSON has sold almost 1.000.000.000 audio power amplifiers and
production is still increasing yearly.

The TDA7370 a Unique Quad 6W Power Amplifier for Car-Radio.
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INTRODUCTION

Audio ampilifiers are just one part of the audio IC portfolio.SGS-THOMSON is also moving
towards supplying global system solutions,developing a complete family of signal processing
devices in CMOS and BiCMOS technologies.

Signal processing parts in this volume include:

*Digitally-controlled audio processors for car radio and TV applications (TDA73XX family).

* Dedicated filter & decoder for the Radio Data System (TDA7330 & TDA7332).

If you are designing an audio system,follow the example of some of the world’s leading
equipment houses and choose integrated circuits from SGS-THOMSON, the technology

leader.Whatever your application you’ll probably find the best solution right here in this
book.

A Stereo 20+20 W System Completely Controlled By a Serial Bus Audio Processor.
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POWER AMPLIFIERS FOR CAR-RADIO

NIymp:er Description Packages - Page
TDA2003 10W Audio Amplifier . . . ... PENTAWATT 315
TDA2004A 10+10W Stereo Amplifier . . . . . . . .. e MULTIWATT 11 325
TDA2005 20W Bridge Amplifier . . . ... MULTIWATT 11 333
TDA7240A 20W Bridge Amplifier . . . . . oo HEPTAWATT 577
TDA7241 20W Bridge Amplifier . . . . . HEPTAWATT 583
TDA7241B 20W Bridge Amplifier . . . . ..o HEPTAWATT 587
TDA7245 5W Audio Amplifier . . ... POWERDIP (9+9) 593
TDA7246 10W Audio Amplifier + Mute and Stand-By . . . . . ... .- HEPTAWATT 603
TDA7256 22W Bridge Amplifier . . . ..o MULTIWATT 11 617
TDA7350 22W Bridge/Stereo Amplifier . . . ... MULTIWATT 11 759
TDA7350A 22W Bridge/Stereo Amplifier . . .. ... e MULTIWATT 11 779
TDA7353 24W Bridge/Stereo Amplifier . . . . ... MULTIWATT 11 799
TDA7360 2x12W Amplifier With Clipping Detector . . . . . . . . . - - MULTIWATT 11 819
TDA7362 Stereo Amplifier + Clipping Detector . . . . . . .. . - -« MULTIWATT 11 845
TDA7363 24W Bridge/Stereo + Clipping Detector . . . . . .. ... .. MULTIWATT 11 863
TDA7370 Quad Power Amplifier for Car Radio . . . . . .. ... ... MULTIWATT 15 881
TDA7374 Dual Power Amplifier for Car-Radio . . . . .. ...... .. MULTIWATT 15 897

HI-FI AND HIGH QUALITY POWER AMPLIFIERS
T Type D ioti .|

Number escription Packages Page
TDA1910 10W Audio Amplifier WithMute . . . . . . .. ... ... - MULTIWATT 11 303
TDA2006 12W Audio Amplifier . . . ... PENTAWATT 351
TDA2007 6+6W Stereo Amplifier . . . . ... SIP9 361
TDA2007A 6+6W Stereo Amplifier . . . . . ..o SIP9 367
TDA2009 10+10W Stereo Amplifier . . . . . . . ..o MULTIWATT 11 381
TDA2009A 10+10W Short Circuit Protected Stereo . . . . . . . . . - . MULTIWATT 11 391
TDA2030 14W Audio Amplifier . . . . . .. PENTAWATT 401
TDA2030A 18W Amplifier and 35W Driver . . . . . . . .o oo PENTAWATT 41
TDA2040 20W Audio Power Amplifier . . . . ... ..o PENTAWATT 425
TDA2050 28W Hi-Fi Audio Amplifier . . . . . . . .. ... PENTAWATT 435
TDA2051 40W Hi-Fi Audio Amplifier . . . . . . . ... .. PENTAWATT 447
TDA2052 65W Hi-Fi Audio Amplifier With Mute-Stand-By . . . . . . . . PENTAWATT 455
TDA7250 Hi-FiDual Driver . . . . o oo o e DIP20 609
TDA7262 20+20W High Quality TV Amplifier . . . .. ... ... .- MULTIWATT11 625
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GENERAL PURPOSE POWER AMPLIFIERS

Nm)fer Description Packages Page
TBA810P 7W Audio Amplifier . . .. ... L FINDIP 231
TBA810S 7W Audio Amplifier . . .. ... FINDIP 235
TBA820M 1.2W Audio Amplifier . . . .. ... ... ... ... MINIDIP 239
TDA1904 4W Audio Amplifier . . . ... POWERDIP (8+8) 273
TDA1905 5W Audio Amplifier WithMute . . . . . ... .. . ... . . POWERDIP (8+8) 281
TDA1908 8W Audio Amplifier . . ... ... ... ... ... FINDIP 293
TDA1910 10W Audio Amplifier WithMute . . . . .. ... ... .. .. MULTIWATT 11 303
TDA2007 6+6W Stereo Amplifier . . . .. . ... ... ... ... SIP9 361
TDA2007A 6+6W Stereo Amplifier . . .. ... .. .. .. .. ... . SIP9 367
TDA2008 12W Audio Amplifier . . . . . ... ... PENTAWATT 373
TEA2025B Stereo Amplifier . . .. ... ... POWERDIP (12+2+2) 949
TDA2822 Dual 1.7 W Power Amplifier . . .. .. .. ... .. .. . . POWERDIP (12+2+2) 469
TDA2822D Dual 1W Power Amplifier . . ... ... ... .. . .. .. SO-16 477
TDA2822M Dual Low-Voltage Power Amplifier . . ... .. ... . .. . MINIDIP 481
TDA2824 Dual 1.7 W Power Amplifier . . . ... ... .. .. .. . . SIP9 489
TDA2824S Dual Power Amplifier . .. .. ... . .. . ... . . . SIP9 497
TDA7231A 1.6W Audio Amplifier . . . .. .. ... ... .. . . . POWERDIP (4+4) 561
TDA7233/D 1W Audio Amplifier WithMute . . . . . ... . ... . . MINIDIP, SO-8 565

LOW VOLTAGE POWER AMPLIFIERS and CASSETTE PLAYERS

F Nlmfer Description Packages Page
TDA2822M 1.2W Audio Amplifier . . ... ... ... ... .. ... . MINIDIP 481
TDA7231A 1.6 W Audio Amplifier . . ... ... ... ... .. .. . . MINIDIP, (4+4) 561
TDA7233/D 1W Audio Amplifier WithMute . . . . .. .. . .. .. . . MINIDIP, SO-8 565
TDA7233S 1W Audio Amplifier With Mute . . . . . . ... ... .. . . SIP9 569
TDA7236/D Very Low Voltage Audio Bridge . . . .. .. .. ... ... . SO-8 573
TDA7273/D Stereo Cassette Playback System . . . .. .. ... ... . SO-16 647
TDA7284 Record/Playback Circuit With ALC . . . . ... . ... . . . DIP14 - SO-14 669
TDA7285 Complete Stereo Cassette Player . . . . ... ... . ... . DIP20, SO-20 681
TEA2025B Stereo Amplifier . . . ... ... POWERDIP (12+2+2) 949

PREAMPLIFIERS AND AUDIO PROCESSORS

NI}I;'?:er Description Packages Page
TDA2320A Stereo Preamplifier . . ... ... ... .. .. .. . .. . . MINIDIP 459
TDA3420/D Dual Very Low Noise Preamplifier . . . .. ... .. .. . .. DIP16, SO-16 513
TDA7282/D Stereo Low Voltage Preamplifier . . . .. . . . ... . .. . MINIDIP, SO-8 663
TDA7300 Digital Controlled Stereo Audio Processor . . . . .. .. .. DIP28 689
TDA7302 Digital Controlled Stereo Audio Processor . . . . .. .. .. DIP28 703
TDA7306 Digital Controlled Stereo Audio Processor . . . . .. .. .. DiP28 715
TDA7318 Digital Controlled Stereo Audio Processor . . . . .. .. .. DIP28 - SO-28 727
TEAB6420 AudioMatrix . . ... ... ... .. .. .. . ... . . . DIP24 953
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RADIO CIRCUITS
sz)t?er Description Packages Page
TCA3189 FM IF High Quality Radio System . . ... .......... DIP16 245
TDA1220B AM/FM Quality Radio . . . . .« .. DIP16 259
TDA7211A Low Voltage FM Front-End . . . . . .. ... ... ... .. MINIDIP, SO-8 531
TDA7220 Very Low Voltage AM/FM Radio . . . . ... ... ... .. DIP16, SO-16 539
TDA7222 3V AM/FM Single-Chip Radio . . . . . . . ... .. ... .. DIP24 551
TDA7227 Single-Chip AM/FM Radio With Front-End . . . . ... . .. DIP18 557
TDA7326 AM/FM Radio Frequency Synthesizer . . . . . .. ... ... DIP16, SO-16 739
TDA7330 RDS Demodulator + Filter . . . . . . . . .. ..o DIP20 - SO-20 751
TDA7332 RDS FIlter .« o v o v e e e e e DIP14, SO-14 755
TDA7361 Low Voltage NBFM IF System . . . . . ... ... ... .. DIP16, SO-16 839
TEA1330 FM Stereo Decoder . . . . . . . . . oo DIP16 943
REMOTE CONTROL
szfer Description Packages Page
M3004AB1 Remote Control Transmitter . . . . . . .. ... .- DIP20 179
M3004LAB1 Remote Control Transmitter . . . . . . . . . .. .« - DIP20 187
M3005AB1 Remote Control Transmitter . . . . . . . . . . . -« . .- DIP20 195
M3005LAB1 Remote Control Transmitter . . . . . . . . . .. .-« - . DIP20 203
M3006LAB1 Remote Control Transmitter . . . . . . . . . . ... DIP16 211
M145026/7/8 Remote Control Encoder/Decoder Circuits . . . . . . . . - . DIP16, SO-16 219
TV SOUND CIRCUITS
NPr’r'l)beer Description Packages Page
TDA3190 Complete TV Sound Channel . . . ... .. .. ... . - DIP16 503
TDA4190 TV Sound Channel With DC Controls . . . . . . . .. . . .. DIP20 519
TDA8190 TV Sound Channel With DC Controls . . . . . . . . . . . .. DIP20 909
TDA8191 TVSoundChannel . . . . . . . . oo DIP20 921
TDA8192 Multistandard AM/FM Sound IFfor TV . . . . . . . . . o« - DIP20 927
TDA8196 Audio Switch & DC Volume Control . . . . . . . . . . .. .. DIP8 931
TDA8199 Stereo Amplifier & DC Volume Control for TV . . . . . . . . . DIP20 937
TEA6420 Bus-Controlled Audio Matrix . . . . . . . .« oo DIP24 953
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MOTOR CONTROLLERS

sz)l?er Description Packages Page
L272/M Dual Power Operational Amplifier . . . . ... ... .. .. . MINIDIP 29
L272D Dual Power Operational Amplifier . . . .. ... ... . .. . SO-16 35
L2720/2/4 Low Drop Dual Power Operational Amplifier . . . . . .. . . 8+8, MINIDIP, SIP9 39
L2726 Low Drop Dual Power Operational Amplifier . . . .. .. . . S0O-20 47
L2750 Dual Low Drop High-Power Amplifier . . . .. .. . .. ... MULTIWATT 11 51
TDA1151 Motor Speed Regulator . . . . ... ... ... ... . . . SOT-32 249
TDA1154 Speed Regulator for DC Motors . . . .. . ... ... ... . MINIDIP 255
TDA7271/2 High Performance Motor Speed Regulator . . . . .. .. . . DIP20 631
TDA7274 Low Voltage DC Motor Speed Controller . . . .. ... . .. MINIDIP 653
TDA7275A Motor Speed Regulator . . . . ... ... .. ... .. . . MINIDIP (4+4) 659
DEDICATED VOLTAGE REGULATORS
NI%p:er Description Packages Page
L4901A Dual 5V Regulator With Reset . . . . ... .. ... ... . . . HEPTAWATT 59
L4902A Dual 5V Regulator With Reset and Disable . . . . .. .. .. HEPTAWATT 69
L4903 Dual 5V Regulator With Reset and Disable . . . . .. .. .. MINIDIP 79
L4904A Dual 5V Regulator With Reset . . . . .. ... .. ... .. . MINIDIP 87
L4905 Dual 5V Regulator With Reset and Disable . . . . . ... .. HEPTAWATT 95
L4915 Adjustable Voltage Regulator Plus Filter . . ... ... ... MINIDIP (4+4) 103
L4916 Voltage Regulator Plus Filter . . ... ... . ... .. . .. MINIDIP (4+4) 109
) ENTAWATT,
L4918 Voltage Regulator Plus Filter . . . ... ... ... .. . . . Il\:/llr\’}llEIP A 115
CMOS OPERATIONAL AMPLIFIERS
szfer Description Packages Page
TS271 Programmable Single CMOS Operational Amplifier . . . . .. DIP8, SO-8 973
TS27L2 Very Low Power Dual CMOS Operational Amplifier . . . . . . DIP8, SO-8 987
TS27M2 Low Power Dual CMOS Operational Amplifier . . . . . . . . DIP8, SO-8 993
TS272 High Speed Dual CMOS Operational Amplifier . . ... ... DIP8, SO-8 999
TS27L4 Very Low Power Quad CMOS Operational Amplifier . . . .. DIP14, SO-14 1005
TS27M4 Low Power Quad CMOS Operational Amplifier . .. ... .. DIP14, SO-14 1011
TS274 High Speed Quad CMOS Operational Amplifier . . . ... .. DIP14, SO-14 1017
SPECIAL FUNCTIONS
NI}:?beer Description Packages Page
LS204 High Performance Dual Operational Amplifier . . . . . . . . MINIDIP, SO-8 121
LS404 High Performance Quad Operational Amplifier . .. ... .. DIP14 - SO-14 131
M114A/AF Digital Sound Generation . . . . .. ... ... .. . .. . DIP40, DIP48 143
M114S/SF Digital Sound Generation . . . ... ... .. .. . .. . . DIP40, DIP48 161
TDB7910N Power-500mA Output Stage . . . ... ... .. ... .. . DIP16 939
TEB1033 High Performance Quad Operational Amplifier . . ... .. DIP8 - SO-8 957
TEB4033 High Performance Dual Operational Amplifier . ... ... DIP14 - SO-14 965
TS555 Low Power Single CMOS Timers . . . . . ... . ... .. . DIP8 - SO-8 1023
TS556 Low Power Dual CMOS Timers . . . .. ... .. .. ... . DIP14 - SO-14 1031
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For detailed information on products referred to in the selection guide but not included
as datasheet in this book, please refer to the databook indicated in column "DB"

SGS-THOMSON DATABOOKS

DB ORDER CODEj
a 4 BIT MCU FAMILY ET9400 DBET9400ST/1

b 8 BIT MCU FAMILIES EF6801/04/05 DB68XXST/1

c 16 BIT MPUs & ASSOCIATED PERIPHERALS DB6800ST/1

d AUTOMOTIVE PRODUCTS DBAMOTIVESTA

e ANALOG CELLS AND ARRAYS DBANACA/1090

f CB12000 SERIES STANDARD CELLS DBCB12ST/

g CMOS B SERIES DBCMOSBST/A

h CMOS LINEAR BKCMOSLIN/0490
i DATACOM PRODUCTS DBDATACOMST/
i HIGH SPEED CMOS DBHSCMOSST/1

k IMAGE PROCESSING DBIMAGEPROST/1
| INDUSTRIAL and COMPUTER PERIPHERAL ICs DBINDCOMPST/
m INDUSTY STANDARD ANALOG ICs DBSTANDANAST/1
n 1SB12000 SERIES CONTINUOUS ARRAYS DBISB12/1

o} ISB9000 SERIES CHANNELLESS LOGIC ARRAYS DBISB9/2

p LINE CARD ICs DBLINCARDSTA

q LOW POWER SCHOTTKY TTL ICs DBLPSST/1

r MODEM DBMODEMST/1

s NON - VOLATILE MEMORIES DBNVMST/

t POWER BIPOLAR TRANSISTORS DBBIPTRANST/1

u POWER MODULES DBPOMODULEST/1
v POWER MOS DEVICES DBPOWERMOSST/1
w PROTECTION DEVICES DBPROTECST/1

y RF & MICROWAVE POWER TRANSISTORS DBRFST/1

z SMALL SIGNAL TRANSISTORS DBSMSIGST/A

aa STANDARD CELL LIBRARY DASTACELL/2

ab STATIC RAMs DBSRAM/

ac ST8 MCU FAMILY SGST8ST/1

ad TELEPHONE SET ICs DBTELSETST/N

ae THE GRAPHICS DATABOOK 72TRN20400

af THE L4970 SWITCHING REGULATOR IC FAMILY BKL4970FA/0489
ag THE TRANSPUTER DATABOOK 72TRN20300

ah THE TRANSPUTER DEVELOPMENT AND ig SYSTEMS DATABOOK 72TRN21900

ai THYRISTORS & TRIACS DBTHYTRIACST/1
aj VIDEO PRODUCTS SIGNAL PROCESSING DBTVCRSPST/
ak VIDEO PRODUCTS POWER & GRAPHICS DBPOMGRAST/1
al 78 MCU FAMILY BKZ8SELEC/0289
am Z80 MICROPROCESSOR FAMILY DBZ80ST/1

an ZENER, SCHOTTKY & RECTIFIER DIODES DBDIODESTA

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

VOLTAGE REGULATORS

STANDARD POSITIVE
I, max Type Regulated Output Voltage (V) Precision Package DB —{
0y
Number 5675 885 9(10(12|15 18|20 | 24| %
L78S00CV . . e | o o] ol o ° 4 TO-220 m
2 L78S00CT ° ° e o o] 0| @ ° 4 TO-3 m
L78S00T **) . . ° ol o o o . 4 TO-3 m
L7800CV . . . ° . ) e o | o 4 TO-220 m
L7800ABV (*) o | o . LI B B Y 2 TO-220 m
1 L7800ACV ol e . L I I I 2 TO-220 m
L7800CT o o e o | o el e o 4 TO-3 m
L7800T (**) o | o e | o ® o | e e e 4 TO-3 m
L78MO0ABV (*) LI . L T N O S 2 TO-220 m
05 L78M00CV . ° ° . . . 3 o 4 TO-220 m
L78M00CX o | e . L2 N A P S 4 SOT-82 m
L78M00CS LI . L3 N T T S 4 SOT-194 m
1 L7800CP o | o o o L I T T N Y 4 ISOWATT 220 m
0.5 L7800CP o | o ° el el o oo 4 ISOWATT 220 m
STANDARD NEGATIVE
I, max Type Regulated Output Voltage (V) Precision Pack
age DB
A) Number 5(52| 6|8 [12|15]18]20 22|24 | % 9
L7900ACV ° 3 . . . . . . . . 2 TO-220 m
1 L7900CV . . . . . T e . . . 3 4 TO-220 m
L L7900CT . ° . . . . . . . . 4 TO-3 ng
(*) 40°C to 125°C
(**) -85°C to 150°C
PROPRIETARY
Nt-ll-‘rlr?:er Description Package DB
L4940 Series 1.5A Low-Drop Out Regulators TO-220 m
L4941 1A Low-Drop Out Regulators TO-220 m
TDA8134 600mA, 5V + 12V Dual Regulator With Disable HEPTAWATT ak, m
TDA8135 600mA, 5V + Adjustable Dual Regulator With Disable HEPTAWATT ak, m
TDA8136 600mA, 12V + 12V Dual Regulator With Disable HEPTAWATT ak, m
TDA8137 1A, 5,1V + 5,1V Dual Regulator With Disable + Reset HEPTAWATT ak, m
TDA8138 1A, 5,1V + 12V Dual Regulator With Disable + Reset HEPTAWATT, SIP9 ak, m
TDA8139 1A, 5,1V + Adjustable Dual Regulator With Disable + Reset | SIP9 ak, m
TEA7605 500mA, 5V Very Low-Drop Out Regulator TO-220 ak, m
TEA7610 500mA, 10V Very Low-Drop Out Regulator TO-220 ak, m
TEA7685 500mA, 8,5V Very Low Drop Out Regulator TO-220 ak, m

For detailed information
indicated in column "DB"

on products referred to in the selection guide but not included as datasheet in this book, please refer to the databook

SGS-THOMSON
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SELECTION GUIDE

HIGH CURRENT SWITCHING REGULATORS

T
Nzﬁ:er Description Package DB
L296/P 4 A Switching Regulator MULTIWATT 15 I,m
L4960 2.5 A Power Switching Regulator HEPTAWATT I, m
L4962 1.5 A Power Switching Regulator HEPTAWATT (12+2+2) I, m
L4963 1.5 A Power Switching Regulator POWERDIP (12+3+3) I, m
L4964 4 A Switching Regulator MULTIWATT 15 Il,m
L4970A 10 A Switching Regulator MULTIWATT 15 l,m
L4972A/AD 2A Switching Regulator POWERDIP (16+2+2), S0-20 | I, m
L4974A 3.5 A Switching Regulator POWERDIP (16+2+2) I,m
L4975A 5A Switching Regulator MULTIWATT 15 I, m
@77A 7A Switching Regulator MULTIWATT 15 I, m
PWM CONTROLLERS
N-t‘.;yrr?:er Description Package DB
SG2524 Regulating Pulse Width Modulator (From —25° to + 85°C) | DIP16 I, m
SG2525A Regulating Pulse Width Modulator (From —25° to + 85°C) | DIP16 I, m
SG2527A Regulating Pulse Width Modulator (From —25°to + 85°C) | DIP16 I, m
SG3524 Regulating Pulse Width Modulator (From 0 to + 70°C) DIP16 I, m
SG3525A Regulating Pulse Width Modulator (From 0 to + 70°C) DIP16 I, m
SG3527A Regulating Pulse Width Modulator (From 0 to + 70°C) DIP16 I, m
TDA4601 Free Frequency Running SMPS SIP9 ak
TEA2018A Fixed Frequency SMPS DIP8 ak
TEA2019 Fixed Frequency SMPS With PLL DIP14 ak
TEA2261 Fixed Frequency SMPS (Slave) + PLL + Stand-By DIP16 ak
TEA5170 Fixed Frequency SMPS (Master) DIP8 ak
uc2840 Regulating Pulse Width Modulator (From —25° to + 85°C) | DIP18 I, m
UC2842/3/4/5 Regulating Pulse Width Modulator (From -25° to + 85°C) | DIP14, MINIDIP I, m
uC3840 Regulating Pulse Width Modulator (From 0 to + 70°C) DIP18 l,m
UC3842/3/4/5 Regulating Pulse Width Modulator (From 0 to + 70°C) DIP14, MINIDIP I, m
POWER SWITCH
NI%?:er Description Package Dﬂ
VN02 High Side Driver-Rps(on) < 0.5 Q PENTAWATT *
VNO5 High Side Driver-Rps(on) < 0.2 & PENTAWATT *
VN20 High Side Driver-Rps(on) < 0.05 Q PENTAWATT *

For detailed information on products referred to in the selection guide but not int

indicated in column "DB

cluded as datasheet in this book, please refer to the databook
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SELECTION GUIDE

EEPROMS
’Tapacity Organization Bus type Part Number | Packages | Power Supply Remark’ DB
256 Bits | 16x16 SERIAL | MICROWIRE® | ST93C06B* PDIP8 5V s
MICROWIRE | ST93C06M* PS0O8 5V s
1K Bits | 64x16 SERIAL | MICROWIRE | ST93C46AB* PDIP8 5V s
r
128x8 céEF{IAL MICROWIRE | ST93C46AM* | PSO8 5V s
1K Bits | 64x16 SERIAL | MICROWIRE | ST93CS46B* PDIP8 5V Write Protection Feature | s
MICROWIRE |ST93CS46M* | PSO8 5V Write Protection Feature | s
MICROWIRE |ST93CS47B* | PDIP8 2.5V Write Protection Feature | s
MICROWIRE |ST93CS47M* | PSO8 2.5V Write Protection Feature | s
2K Bits | 128x16 SERIAL | MICROWIRE | ST93CS568* PDIP8 5V Write Protection Feature | s
MICROWIRE |ST93CS56M* | PSOS8 5V Write Protection Feature | s
MICROWIRE |ST93CS56ML* | PSO14 5V Write Protection Feature | s
MICROWIRE |ST93CS57B* | PDIP8 2.5V Write Protection Feature | s
MICROWIRE |ST93CS57M* | PSO8 2.5V Write Protection Feature | s
MICROWIRE | ST93CS57ML* | PSO14 2.5V Write Protection Feature | s
2K Bits | 256x8 SERIAL ?c ST24C02AB* | PDIP8 4.5t0 5.5V s
’c ST24C02AM* | PSO8 451055V s
2c ST25C02AB* | PDIP8 2.5t0 5.5V s
?c ST25C02AM* | PSO8 2.5t0 5.5V s
4K Bits | 512x8 SERIAL ?c ST24C04B* PDIP8 4.510 5.5V | Write Protection Feature | s
?c ST24C04ML* | PSO14 4.5t05.5V | Write Protection Feature | s
?c ST25C04B* PDIP8 2.51t05.5V | Write Protection Feature | s
?c ST25C04ML* | PSO14 251055V | Write Protection Feature | s
8K Bits | 1024x8 SERIAL ?c ST24C08B* PDIP8 4.5105.5V | Write Protection Feature | s
All products are available in 3 temperature ranges
Suffixx=1: 0°Cto 70°C

Suffix x = 3 : -40°C to 125°C
Suffix x = 6 : -40°C to  85°C
* User defined size of memory section protected against write.

For detailed information on

products referred to in the selection guide but not included as datashest in this book, please refer to the databook
indicated in column "DB"

SGS-THOMSON
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SELECTION GUIDE

DISCRETE AUDIO AMPLIFIERS
POWER BIPOLAR TRANSISTORS

Type Complementary Vceo | Veeo | e hee@lcVee | Vegsay @lcle | Rujc Packages | DB
Number VERUREL @ W ™| &) [(ma) comw)
2N3055 MJ2955 60 100 | 15 20| 4.00| 4.0 |1.10| 4.00| 400| 1.5 TO-3 i
2N4234 40 40 3 20| 0.50| 1.0 |0.60| 1.00| 100| 29 TO-39 i
2N4398 2N5301 40 40 | 30 15/ 15.00 | 2.0 |1.00| 15.00 {1500{ 0.875 | TO-3 t
2N4399 2N5302 60 60 | 30 15/ 15.00 | 2.0 |1.00| 15.00 [1500| 0.875 | TO-3 t
2N4918 2N4921 40 40 1 30/ 0.50|1.0 |0.60| 1.00| 100{ 4.16 SOT-32 t
2N4919 2N4922 60 60 1 30, 0.50| 1.0 |0.60| 1.00 | 100| 4.16 SOT-32 i
2N4920 2N4923 80 80 1 30/ 0.50| 1.0 |0.60| 1.00| 100| 4.16 SOT-32 t
2N4921 2N4918 40 40 1 30/ 0.50| 1.0 |0.60| 1.00| 100| 4.16 SOT-32 t
2N4922 2N4919 60 60 1 30/ 0.50| 1.0 |0.60| 1.00| 100 4.16 SOT-32 t
2N4923 2N4920 80 80 1 30| 0.50|1.0 |0.60| 1.00| 100| 4.16 SOT-32 t
2N5301 2N4398 40 40 | 30 15! 15.00 | 2.0 |1.00]| 15.00 {1500/ 0.875 | TO-3 t
2N5302 2N4399 60 60 | 30 15/ 15.00 | 2.0 |1.00| 15.00 [1500| 0.875 TO-3 t
2N5303 2N5745 80 80 | 20 15/10.00 | 2.0 {1.50| 15.00 |1500| 0.875 TO-3 t
2N5629 2N6029 100 100 | 16 25/ 8.00! 2.0 {1.00]10.00 [1000| 0.875 | TO-3 i
2N5679 2N5681 100 100 1 40| 0.25| 2.0 |1.00| 0.50 50| 17.5 TO-39 t
2N5680 2N5682 120 120 1 40| 0.25| 2.0 |1.00| 0.50 50| 17.5 TO-39 t
2N5681 2N5679 100 100 1 40| 0.25| 2.0 |1.00| 0.50 50 17.5 TO-39 t
2N5682 2N5680 120 120 1 40| 0.25|2.0 |1.00| 0.50| 50| 17.5 TO-39 t
2N5745 2N5303 80 80 | 20 15/ 10.00 | 2.0 |1.50| 15.00 |1500| 0.875 | TO-3 t
2N6029 2N5629 100 100 | 16 25| 8.00| 2.0 [1.00|10.00 [1000| 0.875| TO-3 t
2N6282 2N6285 60 60 | 20 750/ 10.00 | 3.0 {3.00|20.00 | 200 1.09 TO-3 t
2N6283 2N6286 80 80 | 20 750! 10.00 | 3.0 [3.00{20.00 | 200| 1.09 TO-3 t
2N6284 2N6287 100 | 100 | 20 750/ 10.00 | 3.0 13.00|20.00 | 200| 1.09 TO-3 i
2N6285 2N6282 60 60 | 20 750/ 10.00 | 3.0 {3.00|20.00 | 200| 1.09 TO-3 t
2N6286 2N6283 80 80 | 20 750/ 10.00 | 3.0 |3.00|20.00 | 200| 1.09 TO-3 t
2N6287 2N6284 100 100 | 20 750! 10.00 | 3.0 [3.00(20.00 | 200, 1.09 TO-3 t
BD135 BD136 45 45 1.5 25/ 0.50| 2.0 |10.50] 0.50 50{ 10 SOT-32 t
BD136 BD135 45 45 1.5 25| 0.50| 2.0 050, 0.50| 50|10 SOT-32 t
BD137 BD138 60 60 1.5 25| 0.50| 2.0 |0.50| 0.50| 50|10 SOT-32 t
BD138 BD137 60 60 1.5 25| 0.50 | 2.0 |0.50| 0.50| 50|10 SOT-32 t
BD139 BD140 80 80 15 25| 0.50| 2.0 |0.50| 0.50 50{ 10 SOT-32 t
BD140 BD139 80 80 15 25/ 0.50| 2.0 |0.50, 0.50 50| 10 SOT-32 t
BD331 BD332 60 60 6 750, 3.00| 3.0 {2.00| 3.00 12| 2.08 SOT-82 t
BD332 BD331 60 60 6 750/ 3.00| 3.0 {2.00| 3.00 12/ 2.08 SOT-82 t
BD333 BD334 80 80 6 750/ 3.00| 3.0 |2.00| 3.00 12| 2.08 SOT-82 t
BD334 BD333 80 80 6 750/ 3.00| 3.0 |2.00| 3.00 12| 2.08 SOT-82 t
BD335 BD336 100 100 6 750! 3.00| 3.0 {2.00| 3.00 12| 2.08 SOT-82 t
BD336 BD335 100 100 6 750, 3.00| 3.0 |2.00| 3.00 12| 2.08 SOT-82 t
BDX53 BDX54 45 45 8 750/ 3.00) 3.0 {2.00| 3.00 12! 2.08 TO-220 t
BDX53A BDX54A 60 60 8 750/ 3.00| 3.0 |2.00| 3.00 12| 2.08 TO-220 t
BDX53B BDX54B 80 80 8 750/ 3.00| 3.0 [2.00{ 3.00 12| 2.08 TO-220 t
BDX53C BDX54C 100 100 8 750/ 3.00| 3.0 [2.00| 3.00 12| 2.08 TO-220 t
BDX54 BDX53 45 45 8 750/ 3.00| 3.0 {2.00| 3.00 12| 2.08 TO-220 t
BDX54A BDX53A 60 60 8 750, 3.00| 3.0 {2.00| 3.00 12{ 2.08 TO-220 t
BDX54B BDX53B 80 80 8 750! 3.00| 3.0 {2.00| 3.00 12| 2.08 TO-220 t
BDX54C BDX53C 100 100 8 750, 3.00| 3.0 {2.00| 3.00 12| 2.08 TO-220 t
BFX34 60 100 5 40| 2.00| 2.0 |1.00| 5.00| 500| 35 TO-39 t
BSS44 60 65 5 40| 2.00|2.0 |1.00| 5.00 | 500{ 35 TO-39 t

PNP Type in bold

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

" Ly7 $58;THOMSON



SELECTION GUIDE

DISCRETE AUDIO AMPLIFIERS (Cont’d)
POWER BIPOLAR TRANSISTORS (Cont'd)

NPr/r?t?er Complementary Veeo | Veso | e hee @ Ic Ve VeEsay @ Ic Is fthj-c Packages | DB
MV ® (A) |V | V) ]| (A) [(mA) (cC/w)
BUY68 60 | 100 7 40| 1.00|1.0 [1.00| 5.00| 500| 17.5 TO-39 t
MJ2955 2N3055 60 | 100 | 15 20| 4.00| 4.0 | 1.10 4.00 | 400/ 1.5 TO-3 t
MJ4030 MJ4033 60 60 | 16 [1000| 10.00 | 3.0 {4.00| 16.00| 80| 1.17 TO-3 t
MJ4031 MJ4034 80 80 | 16 [1000|10.00 | 3.0 {4.00| 16.00| 80| 1.17 TO-3 t
MJ4032 MJ4035 100 | 100 | 16 |1000|10.00 | 3.0 |4.00| 16.00 80| 1.17 TO-3 t
MJ4033 MJ4030 60 60 | 16 |1000| 10.00 | 3.0 {4.00| 16.00| 80! 1.17 TO-3 t
MJ4034 MJ4031 80 80 | 16 1000{10.00 | 3.0 {4.00| 16.00] 80| 1 A7 TO-3 t
MJ4035 MJ4032 100 | 100 | 16 1000/ 10.00 | 3.0 |4.00| 16.00 80| 1.17 TO-3 t
MJ4502 MJ802 90 | 100 | 30 25| 7.50|2.0|0.80| 7.50| 750/ 0.875| TO-3 t
MJ11011 MJ11012 60 60 | 30 (1000(20.00 | 5.0 |4.0030.00 | 300 0.875 | TO-3 t
MJ11012 | MJ11011 60 60 | 30 |1000{20.00 | 5.0 |4.00|30.00 | 300/ 0.875 TO-3 t
MJ11013 | MJ11014 90 90 | 30 |1000|20.00 | 5.0 |4.00|30.00 | 300! 0.875 TO-3 t
MJ11014 | MJ11013 90 90 | 30 {1000/ 20.00 | 5.0 |4.0030.00| 300 0.875 | TO-3 t
MJ11015 | MJ11016 120 120 | 30 {1000|20.00 | 5.0 |4.00|30.00 | 300 0.875 | TO-3 t
MJ11016 | MJ11015 120 | 120 | 30 |1000/20.00 | 5.0 |4.00|30.00 300/ 0.875| TO-3 t
MJE170 MJE180 40 60 3 30/ 0.50(1.0]0.90| 150! 150/ 10 SOT-32 t
MJE171 MJE181 60 80 3 30[ 0.50| 1.0 |0.90| 1.50| 150| 10 SOT-32 t
MJE172 MJE182 80 | 100 3 30/ 0.50|1.0 |0.90| 1.50| 150| 10 SOT-32 t
MJE180 MJE170 40 60 3 30{ 0.50|1.0 |0.90| 1.50{ 150| 10 SOT-32 t
MJE181 MJE171 60 80 3 30/ 0.50( 1.0 {0.90| 1.50| 150| 10 SOT-32 t
MJE182 MJE172 80 | 100 3 30[ 0.50| 1.0 |0.90| 1.50| 150| 10 SOT-32 t
MJE200 MJE210 25 40 5 70, 0.50 (1.0 |0.30] 0.50| 50| 8.34 SOT-32 t
MJE210 MJE200 25 40 5 70/ 0.50|1.0 |0.30| 0.50| 50| 8.34 SOT-32 t
MJE370 MJE520 30 30 3 25/ 1.00]/1.0 5 SOT-32 1
MJE371 MJE521 40 40 4 40, 1.00| 1.0 3.12 SOT-32 t
MJES520 MJE370 30 30 3 25/ 1.00] 1.0 5 SOT-32 t
MJE521 MJE371 40 40 4 40, 1.00| 1.0 3.12 SOT-32 t
MJE2955T MJE3055T 60 70 | 10 20/ 4.00 | 4.0 [1.10| 4.00| 400| 1.66 TO-220 t
MJE3055T| MJE2955T 60 70 | 10 20| 4.00| 4.0 [1.10| 4.00| 400| 1.66 TO-220 t
SGSD100 | SGSD200 80 80 | 25 300/20.00 | 3.0 |1.75/10.00| 40| 0.96 TO-218 t
SGSD200 | SGSD100 80 80 | 25 300/20.00 | 3.0 [1.75/10.00| 40| 0.96 TO-218 t
TIP35A TIP36A 60 | 100 | 25 10/ 15.00 | 4.0 |1.80{ 15.00 1500 1 TO-218 t
TIP35B TIP36B 80 | 120 | 25 10/ 15.00 | 4.0 [1.80| 15.00 |1500{ 1 TO-218 t
TIP35C TIP36C 100 | 140 | 25 10/ 15.00 | 4.0 |1.80| 15.00 (1500 1 TO-218 t
TIP36A TIP35A 60 | 100 | 25 10/ 15.00 | 4.0 [1.8015.00 |1500{ 1 TO-218 t
TIP36B TIP35B 80 | 120 | 25 10} 15.00 | 4.0 |1.80/ 15.00 [1500| 1 TO-218 t
TIP36C TIP35C 100 | 140 | 25 10 15.00 | 4.0 [1.80| 15.00 |1500! 1 TO-218 t
TIP140 TIP145 60 60 | 10 {1000 5.00|4.0 |3.00|10.00| 40| 1 TO-218 t
TIP140T TIP145T 60 60 | 15 1000/ 5.00| 4.0 |3.00|10.00| 40| 1.25 TO-220 t
TIP141 TIP146 80 80 | 10 |1000| 5.00| 4.0 {3.00|10.00| 40| 1 TO-218 t
TIP141T TIP146T 80 80 | 15 |1000| 5.00 | 4.0 |3.00{10.00| 40| 1.25 TO-220 t
TIP142 TIP147 100 | 100 | 10 1000| 5.00 | 4.0 |3.00{10.00| 40| 1 TO-218 t
TIP142T TIP147T 100 | 100 | 15 (1000 5.00| 4.0 |3.00|10.00| 40 1.25 TO-220 t
TIP145 TIP140 60 60 | 10 {1000| 5.00 | 4.0 |3.00|10.00| 40| 1 TO-218 t
TIP145T TIP140T 60 60 | 15 |1000| 5.00 | 4.0 |3.00{10.00| 40| 1.25 TO-220 t
TIP146 TIP141 80 80 | 10 {1000| 5.00 | 4.0 |3.00|10.00| 40| 1 TO-218 t
TIP146T TIP141T 80 80 | 15 |1000| 5.00 | 4.0 |3.00/10.00| 40| 1.25 TO-220 t
TIP147 TIP142 100 100 | 10 |1000| 5.00| 4.0 |3.00|10.00| 40| 1 TO-218 t

PNP Type in bold

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

DISCRETE AUDIO AMPLIFIERS (Cont’d)
POWER BIPOLAR TRANSISTORS (Cont'd)

NP;;?t?er Complementary Vceo | Veso | e hee @ lc Vee | Vegsay @ el :Rgh].c Packages | DB
UREURRG A ||| (A [(mA) (°C/W)
TIP147T | TIP142T 100 | 100 | 15 [1000| 5.00| 4.0 |3.00{10.00 | 40| 125 | TO-220 t
TIP2955 TIP3055 60 100 | 15 20| 4.00|4.0 |1.10| 4.00| 400| 1.39 TO-218 t
TIP3055 TIP2955 60 | 100 | 15 20| 4.00| 4.0 [1.10| 4.00| 400 1.39 TO-218 t
PNP Type in bold.
POWER MOS TRANSISTORS
Vpss Rbs(on) Ip Prot T
V) max max Nu‘r’rlt)lfer Packages DB
(2) (A) (W)
50 0.040 30.0 75 BUZ11 TO-220 v
50 0.060 25.0 75 BUZ11A TO-220 v
50 0.040 20.0 35 BUZ11FI ISOWATT 220 v
50 0.100 14.0 40 BUZ71 TO-220 v
50 0.120 13.0 40 BUZ71A TO-220 v
50 0.120 11.0 30 BUZ71AFI ISOWATT 220 %
50 0.100 12.0 30 BUZ71FI ISOWATT 220 v
50 0.028 35.0 125 IRFZ40 TO-220 v
50 0.028 26.0 40 IRFZ40FI ISOWATT 220 v
50 0.035 35.0 125 IRFZ42 TO-220 v
50 0.035 23.0 40 IRFZ42F| ISOWATT 220 v
50 0.016 70.0 180 STH70NO5 TO-218 *
50 0.016 52.0 70 STH70NO5FI ISOWATT 218 *
50 0.023 52.0 125 STVHD90 TO-220 v
50 0.023 0.0 0 STVHD9OFI ISOWATT 220 *
50 0.023 60.0 150 STH6E0NO05 TO-218 *
50 0.023 40.0 65 STHBEONO5SFI ISOWATT 218 *
60 0.150 12.0 40 MTP3055F TO-220 *
60 0.150 12.0 40 MTP3055EFI TO-220 *
60 0.080 25.0 100 STP25N06 TO-220 *
60 0.014 75.0 180 STH75N06 TO-218 *
60 0.014 55.0 70 STH75NO06FI ISOWATT 218 *
60 0.028 50.0 125 STP50N06 TO-220 *
60 0.028 - 40 STP50NO6FI ISOWATT 220 *
60 0.023 55.0 125 STP55N06 TO-220 *
60 0.023 - 40 STP55NO06FI ISOWATT 220 v
80 0.077 28.0 125 IRF141 TO-3 v
80 0.055 33.0 150 IRF151 TO-3 *
80 0.540 5.6 43 IRF511 TO-220 *
80 0.270 9.2 60 IRF521 TO-220 v
80 0.270 7.0 30 IRF521FI ISOWATT 220 v
80 0.160 14.0 79 IRF531 TO-220 v
80 0.160 9.0 35 IRF531FI ISOWATT 220 v
80 0.077 28.0 125 IRF541 TO-220 v
80 0.077 15.0 40 IRF541FI ISOWATT 220 v
80 0.077 31.0 150 IRFP141 TO-218 *

For detailed information on products referred to in the selection Guide but not included as datasheet in this book please refer to the databook
indicated in column "DB"
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SELECTION GUIDE

DISCRETE AUDIO AMPLIFIERS (Cont’d)
POWER MOS TRANSISTORS (Contd)
—_

Vbss Rps(on) Ip Prot
V) max max NI‘r,r?:er Packages bB

(©) (A) (W)
80 0.077 20.0 60 IRFP141FI ISOWATT 218 *
80 0.055 40.0 150 IRFP151 TO-218 \
80 0.055 26.0 65 IRFP151F| ISOWATT 218 \%
100 0.100 19.0 75 BUZ21 TO-220 \%
100 0.250 9.0 40 BUZ72A TO-220 v
100 0.077 28.0 125 IRF140 TO-3 \
100 0.055 " 400 150 IRF150 TO-3 v
100 0.540 5.6 43 IRF510 TO-220 *
100 0.270 9.2 60 IRF520 TO-220 \
100 0.270 7.0 30 IRF520F!| ISOWATT 220 \Y
100 0.160 14.0 79 IRF530 TO-220 v
100 0.160 9.0 35 IRF530FI ISOWATT 220 \Y
100 0.077 28.0 125 IRF540 TO-220 \
100 0.077 15.0 40 IRF540F| ISOWATT 220 v
100 0.077 31 150 IRFP140 TO-218 #
100 0.077 20.0 60 IRFP140F!| ISOWATT 218 *
100 0.055 40.0 150 IRFP150 TO-218 v
100 0.055 26.0 65 IRFP150FI ISOWATT 218 v
150 0.800 5.0 40 IRF621 TO-220 Y
150 0.800 4.0 30 IRF621FI ISOWATT 220 v
200 0.400 9.5 75 BUZ32 TO-220 v
200 0.180 18.0 125 IRF240 TO-3 *
200 0.085 - - IRF250 TO-3 *
200 0.800 5.0 40 IRF620 TO-220 \
200 0.800 4.0 30 IRF620F! ISOWATT 220 v
200 0.180 18.0 125 IRF640 TO-220 *
200 0.085 33.0 180 STH33N20 TO-218 *
200 0.085 20.0 70 STH33N20FI ISOWATT 218 #
250 0.750 — - STP6N25F| ISOWATT 220 *
350 1.800 3.3 50 IRF721 TO-220 v
350 1.800 2.5 30 IRF721FI ISOWATT 220 \%
350 1.000 55 75 IRF731 TO-220 v
350 1.000 3.5 35 IRF731FI ISOWATT 220 v
350 0.550 10.0 125 IRF741 TO-220 \%
350 0.550 55 40 IRF741FI ISOWATT 220 v
400 0.300 15.0 150 IRF350 TO-3 v
400 1.800 3.3 50 IRF720 TO-220 v
400 1.800 25 30 IRF720FI| ISOWATT 220 v
400 1.000 55 75 IRF730 TO-220 v
400 1.000 3.5 35 IRF730FI ISOWATT 220 \Y
400 0.550 10.0 125 IRF740 TO-220 v
400 0.550 5.5 40 IRF740F| ISOWATT 220 \
400 0.300 16.0 180 IRFP350 TO-218 *
400 0.300 10.0 70 IRFP350F| ISOWATT 218 *
450 0.400 138.0 150 IRF451 TO-3 \Y
L 450 3.000 2.5 50 IRF821 TO-220 v

For detailed information on products referred to in the selection Guide but not included as datasheet in this book please refer to the databook
indicated in column "DB" :
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SELECTION GUIDE

DISCRETE AUDIO AMPLIFIERS (Cont'd)

POWER MOS TRANSISTORS (Cont'd)

Vbss Rbs(on) Ip Pot T

(\'2) max max Nu‘l"r'l);er Packages DB

Q) (A) (W)

450 3.000 2.0 30 IRF821FI ISOWATT 220 v
450 1.500 4.5 75 IRF831 TO-220 \
450 1.500 3.0 35 IRF831FI ISOWATT 220 v
450 0.850 8.0 125 IRF841 TO-220 v
450 0.850 4.5 40 IRF841F| ISOWATT 220 v
450 0.850 5.5 60 IRFP441FI ISOWATT 218 *
450 0.400 14.0 180 IRFP451 TO-218 \Y
450 0.400 9.0 70 IRFP451F| ISOWATT 218 v
500 0.600 9.5 125 BUZ353 TO-218 v
500 0.400 13.0 150 IRF450 TO-3 \Y
500 3.000 2.5 50 IRF820 TO-220 v
500 3.000 2.0 30 IRF820FI ISOWATT 220 Y
500 1.500 4.5 75 IRF830 TO-220 \Y
500 1.500 3.0 35 IRF830F! ISOWATT 220 v
500 0.850 8.0 125 IRF840 TO-220 \Y
500 0.850 4.5 40 IRF840FI ISOWATT 220 v
500 0.850 55 60 IRFP440F!| ISOWATT 218 *
500 0.400 14.0 180 IRFP450 TO-218 v
500 0.400 9.0 70 IRFP450FI ISOWATT 218 v J

For detailed information on products referred to in the selection Guide but not included as datasheet in this book please refer to the databook
indicated in column "DB"
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SELECTION GUIDE

DISCRETE AUDIO AMPLIFIERS (Cont’d)
SMALL SIGNAL TRANSISTORS IN TO-39

Vceo hee @ Ic Type Veesay @ Ic / Ig fr ts Prot T
Veer* torr* DB
NPN PNP max min

(V) min/max | (mA) V) (mA) (MHz) (ns) (mWw)

30 40/120 150 BSY53 1.2 500/50 | 100 typ — 800 z
30 100/300 150 BSY54 1.2 500/50 | 100 typ - 800 z
40 40/120 150 2N2904 0.4 150/15 200 80 600 z
40 40/120 150 2N3110 0.25 150/15 60 1000* 800 z
40 40/240 500 BC440 1 1000/100 50 - 1000 z
40 40/250 100 BC140 0.35typ | 500/50 50 850" 800 z
40 40/250 500 BC460 1 1000/100 50 - 1000 z
40 50/250 150 2N3053 14 150/15 | 100 typ - 800 z
40 100/230 150 2N2905 0.4 150/15 200 80 600 z
40 100/300 150 2N3109 0.25 150/15 70 1000* 800 z
45 40/240 150 BC304 0.65 150/15 | 100 typ - 850 z
45 120/240 150 BC302 0.5 150/15 | 100 typ - 850 z
50 40/250 500 2N5323 1.2 500/50 50 - 1000 z
50 40/250 500 2N5321 0.8 500/50 50 800* 1000 z
50 40/120 150 2N1613 1.5 150/15 60 — 800 z
50* 100/300 150 2N1711 1.5 150/15 70 - 800 z
60 40/120 150 2N2904A 0.4 150/15 200 80 600 z
60 40/120 150 2N3108 L 1.4 150/15 | 100ty = 800 z
60 40/240 150 BC303 0.65 150/15 75 - 850 z
60 40/240 150 BC301 0.5 150/15 | 120 typ - 800 z
60 40/240 500 BC441 1 1000/100 50 - © 1000 z
60 40/250 100 BC141 0.35typ | 500/50 50 850" 800 z
60 40/250 500 BC461 1 1000/100 50 — 1000 z
60 100/300 150 2N2905A 0.4 150/15 200 80 600 z
60 100/300 150 2N3107 14 150/15 | 100 typ — 800 z
75 30/130 500 2N5322 0.7 500/50 50 1000* 1000 z
75 30/130 500 2N5320 0.5 500/50 50 800* 1000 z
80 40/120 150 2N1893 5 150/15 50 - 800 z
80 40/120 150 BSY55 0.6 150/15 | 100 typ - 800 z
80 40/240 150 BC300 0.5 150/15 | 120 typ - 800 z
80 100/300 150 BSY56 ] 0.6 150/15 | 100 typ - 800 z

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

DISCRETE AUDIO AMPLIFIERS (Cont’d)
SMALL SIGNAL TRANSISTORS IN TO-18

LOW LEVEL, LOW NOISE TRANSISTORS IN TO-18

\\IIcC:rg‘ hre @ Ic ' Type Vegsay @ I/ Is fr
NPN PNP max min
V) min/max | (mA) ) (mA) (MHz)
25 50/— 10 BCY72 0.5 50/5 200
25 75/260 100 BC377 0.7 500/50 | 300 typ
30 100/300 150 2N3302 0.6 500/50 —
40 40/120 150 2N2906 1.6 500/50 200
40 50/— 10 BCY70 0.5 50/5 250
40 75/260 100 BC378 0.7 500/50 300 typ
40 100/300 150 2N2907 1.6 500/50 200
45 100/300 150 2N3504 1.6 500/50 200
45 100/600 10 BCY71 0.5 50/5 200
50* 40/120 150 2N718A 15 150/15 60
50* 100/300 150 2N956 1.5 150/15
60 40/120 150 2N2906A 1.6 500/50
60 100/300 150 2N2907A 1.6 500/50
60 100/300 150 2N3505 1.6 500/50
LBO 40/— 150 2N720A 1.2 50/5

Pot ]
tor™ DB
(ns) (mW)

350 350 z
= 375 z
150* 360 z
80 400 z
350 350 z
- 375 z
80 400 z
100* 400 z
z

z

500 z

400 z

400 z

400 z

z

\)ISEE& hee @ Ic l Type Veesay @ lc /18 fr
NPN PNP min
V) min/max | (mA) (mA) (MHz)
20 110/800= 2 BC108 100 300 z
20 200/800m 2 BC109 100 300 z
20 240/500m 2 300 z
25 125/500m 2 300 z
32 120/630 2 BCY58 10/0.25 | 200 typ z
( 32 | 120/460 | 2 100/25 | 180typ z
40 | 110450 | 2 10/05 | 150 typ z
40 200/— 2 10/0.5 - z
45 100/500 0.01 2N930 10/0.5 30 z
45 110/450m| 2 BC107 100/5 z
45 120/460 2 BCY79 0.8 100/2.5 z
45 120/630 2 BCY59 0.7 100/2.5 z
45 125/500m| 2 BC177 0.25 10/0.5 z
45 250/500 0.01 2N3964 0.25 10/0.5 z
60 130/— 0.01 BFR17 1 1/01 z
60 100/300 0.01 2N3962 0.25 10/0.5 40 z
60 100/500 0.01 2N2484 0.35 1/0.1 60 z
60 150/300 1 BFY76 0.35 1/0.1 100 z
60 250/500 0.01 2N3965 0.25 10/0.5 z
80 70/230 0.01 BFX37 0.4 50/5 z
80 100/300 0.01 2N3963 0.25 10/0.5 z
80 110/250 2 BC477 0.25 10/0.5 z
mhe @ 1 KHz

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

L272
L272M

DUAL POWER OPERATIONAL AMPLIFIERS

OUTPUT CURRENT TO 1A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE

® GROUND COMPATIBLE INPUTS
LOW SATURATION VOLTAGE
® THERMAL SHUTDOWN

The L1272 and L272M are monolithic integrated
circuits in powerdip and minidip packages in-
tended for use as power operational amplifiers in
a wide range of applications including servo ampli-

The high gain and high output power capability
provide superior performance whatever an opera-
tioral amplifier/power booster combination is
required.

Powerdip (8 + 8) Minidip Plastic
ORDERING NUMBERS:

fiers and power supplies, compact disc, VCR, etc. L272 L272M
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply voltage 28 \%
Vi Input voltage Vs
Vi Differential input voltage + Vg
Iy DC Output current 1 A
Ip Peak output current (non repetitive) 1.5 A
Piot Power dissipation at Ty, = 80°C (L272), Tamb= 50°C (L272M) 1.2 w
Tcase = 75°C (L272) 5 w
To Operating Temperature —40 to 85 °C
Tstg, Tj Storage and junction temperature —40 to 150 °C

BLOCK DIAGRAM

SO—:D_——OI
70—
6 O—]

3
Lo >

$-99061

May 1990

60—
——O03
50—:D\

$.5929

L272m

1/6
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L272-L272M

CONNECTION DIAGRAM

(Top view)
U
outpuT 1 ff1 16 [Jonn QUTRUT 1 1 8 {] npuT-1
Vs I 15[Jono supeLy vouTace [| 2 7[Jweuta
output2 [|3 14flono oUTPUT 2 B 6 [|inpute2
oo 4 13fJeno oo [ . o Mipur2
meut-2 |5 12{]eno
5-5911
meute2 |6 11fJono ’
L272M
meutat fi7 10[Jeno
wpuT-1 8 9 [Jono
$-5905
L272
SCHEMATIC DIAGRAM (one only)
4
v
N
+In
O out
) 0
10pF
-In |_‘
THERMAL
PROTECTION
|
-O
5-5904/1
THERMAL DATA Powerdip Minidip |
i
Rin jcase Thermal resistance junction-pins max 15°C/W *70°C/W |
Rih j-amb Thermal resistance junction-ambient max 70°C/W 100°C/W |

* Thermal resistance junction-pin 4

2/6 -
437, S5, THOMSON
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L272-1272Mm

ELECTRICAL CHARACTERISTICS (V; = 24v,

Tamb = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply voltage 4 28 v
Ig Quiescent drain current v.= Vs Vs = 24v 8 12 mA
o =
2
Vg = 12V 75 1 mA
Iy Input bias current 0.3 25 MA
Vos Input offset voltage 156 60 mv
los Input offset current 50 250 nA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R; Input resistance 500 Ka
Gy O.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB-
en Input noise voltage B = 20KHz 10 %
In Input noise current B = 20KHz 200 pPA
CRR Cohmon Mode rejection f 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24v 70 dB
Rg = 10KQ Vg = 12V 54 62 dB
VR = 0.5V Vs = t BV 56 dB
Vo Output voltage swing
Ip = 0.1A 23 \Y
Ip = 0.6A 21 225 \
Cs Channel separation f=1KHz; R_=10Q; Gy =30dB
Vs = 24V 60 dB
Vs = £ 6V 60 dB
d Distortion f = 1KHz Gy = 30dB 0.5 %
Vg = 24v RL = o
—_—
Tsa Thermal shutdown 145 °c
junction temperature
{y/ SGS-THOMSON 3/6
~ MICROELECTRONICS
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L272- L272M

Fig. 1 - Quiescent current
vs. supply voltage

Fig. 2 - Quiescent drain
current vs. temperature

Fig. 3 - Open loop voltage
gain

G-6118 G-6120
Iy 1q (dB
(mA) (ma) -
Vg = 24V
| 80
10
i i |
a s Eacas I mwEES
’ L1 ] o )
7 7 dim | 40 I . -
B » e
6
N | 20
6 5 l 10
s EEEEEN , \
4 8 12 18 20 24 Vs (V) 20 0 20 40 60 80  Tpg(C) L0 10? 10° 10% 10° f(H2)
Fig. 4 - Output voltage Fig. 5 - Output voltage Fig. 6 - Supply voltage
swing vs. load current swing vs. load current rejection vs. frequency
) 6-6121 G-6122 G- 6123
) i u ) w ‘ l l @
T estny | 1 ‘ Voo 7y 90 - R T IS Ea
13 - 1 B 5 REFINPUT (G, =100)
80 F——rt—1 e
2 - l i L 12 k] 700 - + ——
: e —t— 60— mm—N [
n i ‘ — -1 — I~ ; - N
— 50 S N 1
p— L : N
40 b
10 1 -0 [ 1
Emumm T yuEEEEEEE
l I 20 ¢
: 200 400 600 1L oap(mA) 200 400 600 ILoaD(mA) ~ 10 10° 10° 04t (H)
Fig. 7 - Channel separation Fig. 8 -~ Common mode
vs. frequency rejection vs. frequency
6- 12 G- 6125
(@8) .y
e || e T[]
20 Vo= 2V s |
w NIERIIY
60— — I
™~
70 T
50 | i R
60
40 f——t
30 50
40
10 102 10° 104 f(Hz) 10° 104t (Ha)

4/6
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) L272-L272M

APPLICATION SUGGESTION

NOTE
In order to avoid possible instability occurring — A 100nF capacitor corrected between supply
into final stage the usual suggestions for the pins and ground;

linear power stages are useful, as for instance: — boucherot cell (0.1 to 0.2uF +1€2 series) bet-
— layout accuracy; ween outputs and ground or across the load.

Fig. 9 - Bidirectional DC motor control with MP compatible inputs
V1= logic supply voltage

Must be Vg, > Vg,
E1, E2 = logic inputs

$-5931/1

Fig. 10 - Servocontrol for compact-disc

—_————

q
: E : FOCUSING
1

REFLECTED, INTEGRATED :
BEAM — PHoToDIODES SIGNAL !
]

1
LASER HANDLING H TRACKING
1

I
$-9475/1 Lo

Fig. 11 - Capstan motor control in video recorders

+vs
O
|
ANALOG DIGITAL
INPUT 112 INPUT
$-9477
(37, SGS-THOMSON 5/6
' MICROELEGTROMICS
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L272-L272M

Fig. 12 - Motor current control circuit

R2%
—

25K0 %"
RI¥

n
36K0 —
0.470.5%

V=0.:8Y
R3% R4¥* RS
o—CF——T
36KQ 2.5K0 10Ka 2% $-5930/1

¥ < 1%
Note: The input voltage level is compatible with L291 (5-BIT D/A converter)

Fig. 13 - Bidirectional speed control of DC motors.

- - 2R3 - R1 . .
For circuit stability ensure that Ry > R where Ry, = internal resistance of motor. The voltage
. M \ 2R3 o R1
available at the terminals of the motor is Vy, =2 (V; - 25 ) + IRyl Iy where IRyl = -—F—:——— and
Iy is the motor current. A X
Rx R4
——— r=Jd5
o 022nF 10K
Vin RY
oO—{3—
R3
10K —3
0
c -L RB oK
nF

R2

- —{ 1

10KQ 10KQ

$-5909/ 2
6/6 87 SGS-THOMSON .
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KYIW msmutci@%ég{'@g%gm?@% L272D

DUAL POWER OPERATIONAL AMPLIFIER

PRELIMINARY DATA

B QUTPUT CURRENT TO 1A cations including servo amplifiers and power

® OPERATES AT LOW VOLTAGES supplies, compact disc, VCR, etc. The high gain
and high output power capability provide supe-

® SINGLE OR SPLIT SUPPLY rior performance wheatever an operational

® LARGE COMMON-MODE AND DIFFER- amplifier/power booster combination is required.

ENTIAL MODE RANGE
® GROUND COMPATIBLE INPUTS
[

LOW SATURATION VOLTAGE
® THERMAL SHUTDOWN @ $0-16

The L272D is a monolithic integrated circuit

in SO-16 packages intended for use as power ORDERING NUMBER: L272D
operational amplifier in a wide range of appli- .

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Supply voltage 28 \%
V; Input voltage Vs
Vi Differential input voltage + Vg
Io DC Output current 1 A
lo Peak output current (non repetitive) 1.5 A
Piot Power dissipation at Tgaee = 90°C 1.2 | W
Top Operating Temperature Range —40to +85 | °C
Tstg, Tj Storage and junction temperature —40 to 150 °C

CONNECTION DIAGRAMS

U ovs
N.C. IE 16 N.C.
N.C. [ 15| nec Tl.
1 14 -
ouTPUT IE ] inPUT-1 o 1 .
SuPPLY voLT [| 4 13 {JiNPUTH1 13 —O
O— +
outPut 2 [|s 12 [ineut 42
12
GND [le 1 [Jinpur-2 O— + 5
1 O
Oo— ~
NC. 1K 0] e
N.C. 8 s]] nc 6
$-10677 _L S~10678

May 1990 1/4
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L272D

SCHEMATIC DIAGRAM (one only)

A
, 0
v |
+In
O— out
¢+——0
10pF
an H
THERMAL i——K
PROTECTION
|
—0
5-5904/1
THERMAL DATA
Rihj-atumina(*) Thermal resistance junction-alumina max 50 °c/wW

(*) Thermal resistance junctions-pins with the chip soldered on the middie of an alumina supporting substrate measuring
15 x 20 mm; 0.656 mm thickness and infinite heathsink.

2/4 .
Gy, SE5THOMSON
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L272D

ELECTRICAL CHARACTERISTICS (Vs =24V, T,,p, = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply voltage 4 28 \
I Quiescent drain current v.o= Vs Vs = 24v 8 12 mA
o= !
2
Vg = 12V 75 11 mA
Iy Input bias current 0.3 25 LA
Vos Input offset voltage 15 60 mV
los Input offset current 50 250 nA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R; Input resistance 500 K
Gy O.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB
en Input noise voltage B = 20KHz 10 v
IN Input noise current B = 20KHz 200 PA
CRR Common Mode rejection f = 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = 12V 54 62 dB
VR = 0.5V Vg = = 6V 56 dB
Vo Output voltage swing
b = 0.1A 23 v
Ip = 0.5A 21 225 \Y
Cs Channel separation f=1KHz; R_=10Q; G, =30dB
Vg = 24V 60 dB
Vg = = 6V 60 dB
d Distortion f = 1KHz G, = 30dB 0.5 %
Vg = 24V RL = o
Tsq Thermal shutdown 145 °c
junction temperature

K 3/4
&7, S5 THOMSON
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L272D

Fig. 1 - Quiescent
vs. supply voltage

current

66118

Fig. 2 - Quiescent drain
current vs. temperature

G-6119

Fig. 3 - Open
gain

loop voltage

6-6120

L l Ig (aa* . [
(mA) (mA 4‘
80 + ——]
— 10 1
70 —
8 9 60 —T
i — . so —— j
7 / l —— 7 L0 F—4—1— L
P N O I
N N O A . : t
) P S N s -
6 B S I . N
b ?,%_,h-,ﬁ L] 0T
« 8 2 16 20 2 vs(v) S0 0 0 40 60 80 Tppws(C) 10 10’ 10° 0% 10° (Hz)
Fig. 4 - Output voltage Fig. 5 - Output voltage Fig. 6 - Supply voltage
swing vs. load current swing vs. load current rejection vs. frequency
oo c-s122 5 6123
) I T W I (dB) I I
I | L | | ] L
| Vg = 212V Vg = £12V 90 =:'1z i
13 + m—— N REF.NPUT (G,=100)
‘ * I
12 bt ERSS 70 —
60 —_—
™~
" 1 b
| t::: Lol * N
40 —t T
10 1 10
I
H N b
[ \ | 20 L Lol
200 400 600 1L oap(mA) 200 400 600 1 oap(mA) 10 10? 10° 0° 1 (H2)
Fig. 7 - Channel separation Fig. 8 - Common mode
vs. frequency rejection vs. frequency
6 sz
{aB) [ Tvg= 6V | T T ‘ J
N Gy= 30 dB | | |
70 | Vo=2V. g A { .
! \ i |
60 i ;
50 i i
40 + - - + - —
O O T S S
i |
S N S L
Lo
0 10?7 107 16 t(Hz}
4/4 SGS-THOMSON
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Ay7. 53 THOMSON

L2720/2/4

LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS

- (O)gg;X'ITEgUE'IBEgI\;VT\S’O}ﬁ'AGES They are particularly indicated for driving, in-
" ductive loads, as motor and finds applications
" ‘E’Ll\é‘%lf (C):(R)I\iICILOrII\-j ?llu(fgéYAND DIFFER in compact-disc VCR automotive, etc.
" ENTIAL MODE RANGE et g and eh outout power capabiley
: IES??\SVU'NNSUCTO(I\DA';T'IFIE IXEOIII-\JTI;AUQFES tional amplifier/power booster combination is
® LOW SATURATION VOLTAGE required.
® THERMAL SHUTDOWN
= CLAMP DIODE N
m ESD PROTECTION s ;
® DUMP PROTECTION N
The L2720, L2722 and L2724 are monolithic in- Powerdip Minidip
tegrated circuits in powerdip, minidip and SIP-9 (8 + 8) Plastic SipP-9
packages, intended for use as power operational ORDERING NUMBERS:
amplifiers in a wide range of applications in- 12720 L2722 L2724
cluding servo amplifiers and power supplies.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
A'A Supply voltage 28 \%
Vs Peak supply voltage (50ms) 50 \Y
A Input voltage Vg
Vj Differential input voltage + Vg
lo DC Output current 1 A
| Peak output current (non repetitive) 1.5 A
Piot Power dissipation at _Iamb= ?ggg ((Ilﬁ;gg; Tamb= 50°C (L2722) ; w
Teaw = 50°C (L2724) 0 | w
Top Operating Temperature —40 to 85 °C
Tstg. Tj Storage and junction temperature —40 to 150 °C
BLOCK DIAGRAMS
e Vg N
?
2 T7 Tz
8 O— 8 O— 9 O—|
7 o—:l>_\ ' 7 o——iD-‘O' o o——:D‘ho'
6 O—] 6 O— 7 O—|
5 %p%3 5 :D_——oa 6 O——:D—_OJ

January 1991

5-5906/1

L

L2722

s
$-9749

L2724

$.5929

1/7




L2720/2/4

CONNECTION DIAGRAMS

(Top view)

ﬁ.__-—\J—— U olF———>INPUT1
output 1 |1 16 [Jono QUTPUT 1 1 8 ] vpur-1 o NPUTH
% B 15 Jono suPPLY voLTAGE [| 2 7 [] npuTL 7|E—=———>INPUT+2
oureut2 [fs 1 fJono oUTPUT 2 I 6 [Jnpute2 S INPuT-2

Q s—>0cnD
ovo e 13[Jenp
GNo - 5 flinPuT-2 4=———>NnNc.
neut-2 |5 12{]eND
_ o 3=————s0utpPuT2
meur.2 |6 1|JGND 2|
L2722
iputer |7 10f]eno N o 1=———0uTPUTI
INPUT -1 [ 8 9 fleno 5-9748
L2724
$-5905
L2720
SCHEMATIC DIAGRAM (one section)
Ny
R
+In
O out
DUMP
PROTEC
10pF
-In l—<
THERMAL | <
PROTECTION
..Vs
5-9526 —0
THERMAL DATA SIP-9 | Powerdip | Minidip
Rin j-case  Thermal resistance junction-pins max 10°C/W | 15°C/W | *70°C/W
Rin j-amp Thermal resistance junction-albient max 70°C/W | 70°C/W | 100°C/W
* Thermal resistance junction-pin 4.
2/7 £ SGS-THOMSON
Y/, MICROELECTRONICS
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L2720/2/4

ELECTRICAL CHARACTERISTICS (Vg =24V, T,

mb = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. | Unit
Vg Single supply voltage 4 28
\%
Vi Split supply voltage +2 +14
[ Quiescent drain current Ve Vs = 24V 10 15
Vo = —— mA
2 Vg = 8V 9 15
Iy Input bias current 0.2 1 HA
Vos Input offset voltage 10 mV
los Input offset current 100 | nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R; Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
eN Input noise voltage 10 Vv
B = 22Hz to 22KHz
In Input noise current 200 pA
CMR Common Mode rejection f = 1KHz 66 84 dB
SVR Supply voltage rejection f = 100Hz Vg = 24V 70 dB
Ra = 10KQ Vg = 12V 60 75 dB
Vg = 0.5V Vg = t 6V 80 dB
VDROP (HIGH) lp = 100mA 0.7 v
Ip = 500mA 1.0 1.5
Vg = £2.5V to £ 12V -
VDROP (LOW) ID = 100mA 0.3 v
lp = 500mA 0.5 1.0
C Channel separation f = 1KHz v 24V 60
| R_ = 100 Vo= 6V 60 a8
G, = 30dB s
Tsa Thermal shutdown 145 °c
junction temperature
{y7 SGS-THOMSO 3/7
/. cRosLECTRONICS
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L2720/2/4

Fig. 1 - Quiescent current Fig. 2 - Open loop gain vs. Fig. 3 - Common mode
vs. supply voltage frequency rejection vs. frequency
. o660 o 6-is3 o T
(mA) Vg=24Y|
80 90 u
‘2 Vg =24V | 1
20 il
10 — 7 N
"1 60
- 50 IBEE
8 50 -
6 — 40 30
30
.
© L il
2
10 |
0 10 10? 10° 10° fH
s 12 16 20 Vg(v) 102 10° 104 105 105 1(Hz2) i
Fig. 4 - Output swing vs. Fig. 5 - Output swing vs.
load current (Vg = * 5V) load current (V, = + 12V)
G-6164 G-6128
v) % ) !
Vss:5‘/ Vg = 212V
5 3 T
5 12
[~~~
[ \\\
NEGATIVE NEGATIVE
4 - 1" ™~
— — \J
|POSITIVE — IPOSITIVE —
3 10 ]
200 400 600 'LOAD(mA) 200 400 600 ‘LOAD(mM
Fig. 6 - Supply voltage Fig. 7 - Channel separation
rejection vs. frequency vs. frequency
” | o-sie2 o l 651
Vg=212V! Vg =6V l
80 G, = 30d8|.
Vo = 2V i
70 ™~ 70 ‘
60
L1
60 50 n
40
50 !7
30—t
20 1:
10 ‘
TR
[
2
10 10° 10° 104 t(HD) , 0 107 0 10° - t(Hz)
4/7 ‘_71 SGS-THOMSON
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L2720/2/4

APPLICATION SUGGESTION

In order to avoid possible instability occurring — boucherot cell (0.1 to 0.2 uF + 182 series) bet-
into final stage the usual suggestions for the ween outputs and ground or across the load.
linear power stages are useful, as for instance: With single supply operation, a resistor (1K$2)
— layout accuracy; between the output and supply pin can be

. f ility.
— A 100nF capacitor connected between supply necessary for stability

pins and ground;

Fig. 8 - Bidirectional DC motor control with P compatible inputs

Vs, = logic supply voltage
Must be Vg, > Vg,

E1, E2 = logic inputs

$-99311

Fig. 9 - Servocontrol for compact-disc

—————

! 1

. | FOCUSING
REFLECTED, INTE. € i X
BEAM ] PHOTODIODES SRATED !
I

LASER SIGNAL

1

HANDLING , | TRACKING
|
1

|
-

5-9475/1

r
1
|
1
'

Fig. 10 - Capstan motor control in video recorders

+ \,'s
‘O
I
ANALOG
INPUT R\IIFG’JJEAL
L 5-9477
c—y 7 SGS-THOMSON /7
w MICROELECTRONICS
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L2720/2/4

Fig. 11 - Motor current control circuit

<24V
R2% R8
—
25K0 %F 33K
2%
RI% n
36KO
0.4705%
V=0..28Y
RI¥ Ru¥ RS
oO—(} {3 —{ 7}
36KQ 25K 10Ka 2% 5-593011
k< 1%
Note: The input voltage level is compatible with L291 (5-BIT D/A converter)
Fig. 12 - Bidirectional speed control of DC motors.
- - 2R3 ° R1 ) .
For circuit stability ensure that Ry > R where Ry, = internal resistance of motor. The voltage
™M V. 2R3 - R1

available at the terminals of the motoris Viy =2 (V, - 25 ) + IRol. Iy, where IR,! == and
Iy is the motor current. X

R7 IOKD
Vin R1
o—{"3—
10K0
S Re 10K
nF I

5-5909/2

6/7

&yy, S5 THOMSON
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L2720/2/4

Fig. 13 - VHS-VCR Motor control circuit

Ny DE@ LOADING MOTOR

E CASSETTE MOTOR
L293

uPkP_
o @l
78 DAC |+ L2720
0808 i
DRUM
8-BIT >
j Y DAC [ L2720 MOTOR
0808 r
CAPSTAN TACHO
ukP DRUM POSITION

INTER CTL nl
K FACE | Rec.ps. C VHSZ: : OIS
REEL TACHO
TDA | RIGHT (] O
8114 LEFT (]
REEL TACHO O

RESET 5-9482

. 7/7
Lyy. 365 THOMSON |
45







SGS-THOMSON
MICROELECTRONICS

IS74

L2726

LOW DROP DUAL POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT TO 1A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY
LARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE

LOW INPUT OFFSET VOLTAGE
GROUND COMPATIBLE INPUTS
LOW SATURATION VOLTAGE
THERMAL SHUTDOWN

CLAMP DIODE

ESD PROTECTION

DUMP PROTECTION

The L2726 is a monolithic integrated circuit
in SO-20 package intended for use as power
operational amplifiers in a wide range of ap-
plications including servo amplifiers and power
supplies.

ABSOLUTE MAXIMUM RATINGS

It is particularly indicated for driving inductive
loads, as motor and finds applications in com-
pact-disc VCR automotive, etc.

The high gain and high output power capability
provide superior performance whatever an opera-
tional amplifier/power booster combination is
required.

SO-20
(12+4+4)

ORDER NUMBER: L2726

Symbol Parameter Value Unit
Vs Supply voltage 28 \%
Vg Peak supply voltage (50ms) 50 \%
V; Input voltage Vg
Vi Differential input voltage + Vg
lo DC Output current 1 A
lp Peak output current (non repetitive) 1.5 A
Piot Power dissipation at Ty, = 85°C 1 W

Tcase= 75°C 5 W
Top Operating Temperature —40 to 85 °C
Tstg: T Storage and junction temperature —40 to 150 °C
BLOCK DIAGRAM +Vs
T4
12
» >—~—o 20
10 +
9 o >v_° ¢
4+7_L14~:17
L2726-1:: DIS
January 1991 1/4
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L2726

CONNECTION DIAGRAM

(Top view)
+Vs E"i 20 [J OUT 1
ouT 2] 2 18 [ N.C.
N.C. 3 18 (I N.C
GND [] 4 17 [1 GND -
GND [] 5 16 [ GND
GND [ 6 15 [ GND
GND [ 7 14 [J GND
N.C. 08 13 [ N.C.
IN2(-) 09 12 [JIN 1(-)
IN 2(+) [0 10 11 [ IN 1 (+)

L2726-2:: 0I5

SCHEMATIC DIAGRAM (one section)

AN
B!

+In
O out
DUMP .
PROTEC
10pF
n H
THERMAL 1—%
PROTECTION
_VS
S$-9526
THERMAL DATA
Rt jcase Thermal resistance junction-case max 15.0 °C/W
Rth j-amb Thermal resistance junction-ambient (*) max 65 °C/W
(*) With 4 sq. cm copper area heatsink
2/4 y7 SGS-THOMSON
Y/, FiICROELECTRONIGS
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L2726

ELECTRICAL CHARACTERISTICS (V, =24V, T,.,, = 25°C unless otherwise specified)

L?,' SGS-THOMSON

Parameter Test Conditions Min Typ. Max. |Unit
Vg Single supply voltage 4 28
\%
Vg Split supply voltage +2 + 14
Ig Quiescent drain current v Vg = 24V 10 15
Vo = s mA
2 Vg = 8V 9 15
lp Input bias current 0.2 1 KA
Vos Input offset voltage 10 mVv
los Input offset current 100 | nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R; Input resistance 500 K
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
eN Input noise voltage 10 uVv
B = 22Hz to 22KHz
In Input noise current 200 pA
CMR Common Mode rejection f = 1KHz 66 84 dB
SVR Supply voltage rejection f = 100Hz Vg = 24V 70 dB
Rg = 10K& Vg = 12V 60 75 dB
VR = 0.5V Vg = £ 6V 80 dB
VpbRroe (HIGH) lp = 100mA 0.7 v
lp = 500mA 1.0 1.5
Vg = £2.6V to 12V
VDROP (LOW) 'p = 100mA 0.3
Vo
lp = 500mA 0.5 1.0
C Channel separation f = 1KHz =24
: I e o
G, = 30dB s
Tsd Thermal shutdown 145 °c
junction temperature
3/4

~ MICROELECTRONICS
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L2726

Fig. 1 - Quiescent current

Fig. 2 - Open loop gain vs.

Fig. 3 - Common mode

vs. supply voltage ) frequency rejection vs. frequency
) 65160 - 6616 " i
(mA)] 1 Vg=24V|
oo L] il
80 -
" Vg 524V IR
70 70
10 — ™
1" 60
1 50 = T
8 50
. %0 30
30
‘
20
2
10
0 2 3 “
4 8 12 16 20 24 Ve(V) 10? |°J 104 105 ‘0‘ 1(H2) 10 10 10 10 1(Hz)
Fig. 4 - Output swing vs. Fig. 5 - Output swing vs.
load current (Vg = & 5V) load current (Vy = + 12V)
G-6164 G- 6128
(v) (v)
Vg =t 5V Vg = 212V
6 13
5 12
[~
\\\ i {
FREGATIVE EGATNE
4 n —
En?\\ ;ETIVE —
3 10 N E—
200 400‘ 600 'LOAD('“A) 200 400 600 [ oap(mA)
Fig. 6 - Supply voltage Fig. 7 - Channel separation
rejection vs. frequency vs. frequency
e G-6162 (d8) l G- 6131
Vs=12 VoTeev
80 G, = 3048
Vo= 2V B
70 ™~ . 70
60
/‘
60 50
40
50
30 “
20 fie
10 o —
‘ |
" l I |
10 107 10 w0 f(Hz) N 0 102 10? 0° . K(KHz)
4/4 ‘_71 SGS-THOMSON
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L2750

DUAL LOW DROP HIGH POWER

OPERATIONAL AMPLIFIER

HIGH OUTPUT CURRENT

VERY LOW SATURATION VOLTAGE
LOW VOLTAGE OPERATION

LOW INPUT OFFSET VOLTAGE

GND COMPATIBLE INPUTS

ST-BY FUNCTION (LOW CONSUMPTION)
HIGH APPLICATION FLEXIBILITY

PROTECTIONS:

= VERY INDUCTIVE LOADS
OVERRATING CHIP TEMPERATURE
LOAD DUMP VOLTAGE
FORTUITOUS OPEN GROUND

ESD

DESCRIPTION

The L2750 is a new technology class AB dual
power operational amplifier assembled in Multi-
watt 11 package.

Thanks to the fully complementary PNP/NPN out-
put configuration the L2750 can deliver a rail-to-

BLOCK DIAGRAM

ADVANCE DATA

Multiwatt-11

ORDERING NUMBER: L2750

rail output voltage swing even at the highest cur-
rent.

Additional feature is the very low current Stand-
By function.

The high application flexibility of the L2750 makes
the device suitable for either motor driving/control
and audio applications purposes.

4
IN1 S oP1
2
IN2 |1 oP2
7
Us/2
3| S.5K

+Us
9
8
ouT1
L2756
10
ouT2
11
STDBY
5.5K 6

n91L2756-a1 | S-GND

iF‘-GND

May 1991

1/8

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L2750

PIN CONNECTION (Top view)

N

-
® -

» N WU NND W

) b (

Z{f TAB CONNECTED TO PIN 6

STAND-BY
ouT2
+Us
ouT1
SUR
P-GND
INL1(+)
IN1C(-)
S-GND
IN2(-)
IN2(+)

Nn91L2756-82

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs op Operating Supply Voltage 18 )
Vs max Supply Voltage 28 \Y
VPEAK Peak Supply Voltage (t = 50ms) 40 \
Vi Input Voltage Vs op v
Vi Differential Input Voltage Vs op Vv
lo Output Peak Current (non rep. t = 100us) 5 A
o Output Peak Current (rep. f > 10Hz) 4 A
Piot Power Dissipation Tcase = 85°C 36 W
Tetg, Tj Storage and Junction Temperature -40to 150 °C
THERMAL DATA
Symbol Description Value Unit
Rih j-case | Thermal Resistance Junction-case | Max 1.8 °C/W
ELECTRICAL CHARACTERISTICS (Refer to the operational amplifier with Gy = 24dB; Vs = 14.4V;
Tamb = 25°C, unless otherwise specified
Symbol Parameter Test Condition Min. Typ. | Max. Unit
Vs Supply Voltage 4 18 \
lg Total Quiescent Drain Current 30 50 mA
Vos Input Offset Voltage 5 mV
Iss ST-BY Current Consumption 50 HA
Is Input Bias Current 0.5 A
los Input Offset Current 50 nA
Vbropr Output Voltage Drop (High) lo=0.5A 0.25 0.5 \
lo=3A 1.1 2.5 \%
Output Voltage Drop (Low) lo=0.5A 0.25 05 v
lo=3A 1 2 \
SR Slew Rate 4 Vius
B Gain Bandwidth Prod 10 MHz
Gv Open Loop Voltage Gain f=1KHz 85 dB
RiN Input Resistance 150 MQ
Ein Input Noise Voltage Rs =0 to 10KQ f = 22Hz to 22KHz 3 wv
CMRR Common Mode Rejection Ratio 75 90 dB

2/8

52

&7

SGS-THOMSON

MICROELECTRONICS



L2750

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Condition Min. Typ. | Max. Unit
SVR Supply Voltage Rejection Rs=0 75 90 dB
f=100Hz
Cr Crosstalk f=1KHz to 10KHz 80 dB
APPLICATION SUGGESTION Figure 2: Low Drop Voltage vs. Output Current

The high flexibility makes the L2750 suitable for a
wide range of applications.

Motor Controller

The device can be utilized as a motor controller.
Fig.1 represents a bidirectional DC motor control
suitable for logic driving. In these kinds of applica-
tion it is possible to take advantage of the high
current capability of the L2750 for driving several
types of low impedance motors in a broad range
of applications. Moreover the low drop allows high
start up currents even at lowest supply voltage.

Audio Applications

Another typical utilization of the L2750 concerns
the audio field, as follows:

1) DRIVER FOR BOOSTER : The remarkably low
distortion and noise makes the device proper to
be used as high quality driver for main ampli-
fiers (i.e. car radio boosters). An example is
shown by Fig. 5, where the gain is set to 24 dB
(see also the relevant characteristics).

2) CAR RADIO BOOSTER WITH DIFFERENTIAL
INPUT : Fig. 10 shows an example of car radio
booster, with a gain of 30 dB, that is specially
recommended for active loudspeakers. Among
its main feature is the differential input and sub-
sequent high noise suppression. The typical
output power delivered into a 4Q load is 24W
(Vs = 14.4V; d =10%), as shown by the charac-
teristics enclosed.

Figure 1
Us
9
9
8
E1 y
, L2750 Cr%u
18
e2[[1 |or2
7 .~ sToBY
11|  mm  Us
o—0
|3 6

_E—GND

n91L2756-25

&1

SGS-THOMSON
MICROELECTRONICS

Udrop- M91L2756-26
V)
1.5
1.8
Ucc=18V
8.5
e
2] 1 2 3 TIout(A)

Figure 3: High Drop Voltage vs. Output Current

Udrop+

N91L2756-27

(V)

e

Acc:lBU

//

2]

2] 1
Figure 4: Open Loop Gain

Gu

2

3 Ioutln)
vs. Phase Response

n91L2756-28 PH

(dB)

)

60

™

80
PH

Se

128

N\

40

160

200

38 STEREQ Gu \ 240
Ta-25°C
28 Us=14.4U \ 260
18 RL=inf \ 320
) 360
10* 18° 10° £Hz)

3/8
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L2750

Figure 5: Stereo Audio Amplifier Application Circuit

ST-BY
L ca [su cs L cs L

C1 gy L 22uF 1008uF - ©.10F
= ST-BY | US

2.2uF 3:3K 47K
R2

c9 4700UF

RL
€16 470uF
47K RL
R6
P-GND

l l o155
—— e —

GND IN IN GND GND OUT OUT GND GND +US
s 1. 2 s P 1 2 P P

4/8
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L2750

Figure 7: Quiescent Drain Current vs. Supply
Voltage

Nn91L2758-68

Id
(mA) RL=5B80Q

38

34

38

26

d

22

d

4 6 8 18 12 14 16

18
Us(U)

Figure 9: Distortion vs. Frequency

Nn91L2759-85

d
(%) Us=14.4U
RL=56Q
1
6.1
Uo=3Urms I
~
9.01 Uo=2Urms
0.0801
30 1B 380 1K 3K flHz)

Figure 11: Supply Voltage Rejection vs. Frequency

n91L27560-87

Figure 8: Distortion vs. Output Voltage

N91L2758-64

(%) Us=14.4U
RL=58Q

f=15KHz
0.81

f-=1KHz

0.6881

.83 8.1 8.3 1 Uo (U)

Figure 10: Cross-Talk vs Frequency

NI1L2750-06

dB
Us=14.4U
RL=560
Uo=3Urms
66
78
Rg-580Q
80
90

36 100 300 1K 3K

Figure 12: En Input vs. Rg

MN31L2758-6039

En
Us=14.4U (uU) Us=14.4U
(dB) RL-=580Q RL=58Q
20 Uripple=1Urms 3.9
Csur=180uF
\ RQ=50Q
30 2.6
/
22Hz-22KHz
40 \\\ 2.2
50 1.8
\\\\ Curva A
68 1.4
70 1 1 2 3
30 108 360 1K 3K f(Hz) 18 18 10 Rg-(Q)
5/8
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L2750

Figure 13: Bridge Power Amplifier with Balanced Input Application Circuit

ST-BY .
[ca Jsu cs 1, c6 L

1u“F 2.7K a22uF 1080uF [ ©.1UF T
| —
c1 43K|j R2
p DE——
®4 RL H[]
43K[] R6
1uF P-GND
| i)
u 191L2756-83
c3 RS

Figure 14: P.C. Board and Component Layout of the Circuit of Figure 13 (1:1 scale)

E—

1910558

- O
GND IN IN GND GND OUT QUT GND GND +US
s 1.2 s P 1 2 P P
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L2750

Figure 15: Quiescent Drain Current vs. Supply Figure 16: Noise vs. Rs
Voltage
Mn31L2256-11 n91L27509-12
Id En
(mA) RL=-4Q (uU) Us=14.4U
RL-40
38 2.4
34 2.8
T~ 22Hz-22KHz
38 1.6
—
—_—
26 1.2
/ Curva A
22 .8
18 A4 2 3
4 6 8 18 12 14 16 Us(U) 10 18 10 Rg=-(Q)
Figure 17: Output Power vs. Supply Voltage Figure 18: Output Power vs Supply Voltage
M91L2758-13 N91L27568-14
Po I | Po | ’
(W / (W) //
32 L_|RL-40q 30 |_|RL-40
£-1KHz d-10% £-15KHz d-10%
§ A y d
24 24
d-1% d-1%
20 28 o
16 16
L1 L
12 12
L1 L1
8 8
L1 L1
4 4
) ]
8 9 10 11 12 13 14 15 16 Us(U) 8 9 18 11 12 13 14 15 16 Us(U)
Figure 19: Distortion vs. Output Power Figure 20: Distortion vs. Output Power
rns1L2756-16 Mn91L2”56-15
d d
Us-13.2V Us-13.2V
%) RL-40 . (%) RL-40
£-15KHz f-1KHz
10 1

/

N~
A
6.1 0.01
.01 ©.001
@ 4 8 12 15  Polu) 8 4 8 12 16  Pocu)
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L2750

Figure 21: Distortion vs. Output Power

MI1L2758-18

Us-14.4U
RL=4Q
f=15KHz

18 d

(%)

2] 4 8 12 16 Po (W)

Figure 23: Distortion vs. Frequency

1791L27°56-19

d
Us=14.4U
%) RL-40
Po-=14U
1
8.1
8.01
_—/\/
0.0601

30 168 3860 1K 3K Po (W)

Figure 25: Total Power Dissipation and Effi-
ciency vs. Output Power

Figure 22: Distortion vs. Output Power

Nn91L2758-172

d
Us-14.4U
(% RL-40
f=1KHz
1
0.1
L/v—,_r———-—f“/
6.01
0.6881
8 4 8 12 16 Potl)

Figure 24: Supply Voltage Rejection vs. Fre-

quency
191L2750-28
oUR Us=14.4U
S= L4U
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Uripple=1Urms
48 |——-Rg9-580

Csvur=100uUF
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S I—

70

36 160 3688 1K 3K flHz)

Figure 26: Total Power Dissipation and Effi-
ciency vs. Output Power
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Ly7, SR THOMSON

L4901A

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: Iy; = 400mA
'02 = 400mA

® FIXED PRECISION OUTPUT VOLTAGE 5V
£2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® LOW QUIESCENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® RESET OUTPUT HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4901A is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized,

Heptawatt

ORDERING NUMBER: L4901A

Vin DC input voltage

Transient input overvoltage (t = 40 ms)
lo Output current
T; Storage and junction temperature

24

60

internally limited
-40 to 150 °C

<<

BLOCK DIAGRAM

Vizo;

Hi-HH

REG. 2 6 I Vo2
EG. TO
I

DISABLE

:

THERMAL
PROTECTION

DELAYED O RESET
RESET 3 _OTIMING

<

June 1988

$-7767/2
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L4901A

SCHEMATIC DIAGRAM
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L4901A

CONNECTION DIAGRAM

(Top view)

H
¢
|

OUTPUT 1
——— "> OUTPUT 2
—— RESET

[ >  GROUND

—— — > TIMING CAPACITOR
> INPUT 2
I INPUT 1

PIN FUNCTIONS

$-7768

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 400mA regulator input.

2 INPUT 2 400mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.
Therefore tgp = C; ( ) trp (ms) = C; (nF)

6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vo 1> Vg
and Vino > Vi7. If Reg. 2 is switched-OFF the Cy,
capacitor is discharged.

7 OUTPUT 1 5V - 400mA regulator output with low leakage (in

switch-OFF condition).

THERMAL DATA

Rih jcase Thermal resistance junction-case max 4 ‘cw
(y7 SGS-THOMSON i
/. wichosiscTROMICS



L4901A

TEST C

IRCUIT

7 Vo1
o,
5 RESET V02
3
10nF EL'

ELECTRICAL CHARACTERISTICS (Vy; = V,N2 =144V, Tamb = 25°C unless otherwise

specified)
Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \%
Vo1 Output voltage 1 R load 1K 4,95 5.05 5.15 \
VooH Output voltage 2 HIGH R load 1KQ Vg1-0.1 5 Vo1 \%
Voo Output voltage 2 LOW lgo = -BmA 0.1 \
lo1 Output current 1 AVgp =-100mV 400 mA
ILo1 Leakage output 1 current Vin =0 1 uA
[ Vop <3V
lo2 Output current 2 AVgp = -100mV 400 mA
Vio1 Output 1 dropout voltage (*) | lg; = 10mA 0.7 0.8 \
lp; = 100mA 0.8 1 \
lo1 = 300mA 1.1 1.4 \Y
Vit Input threshold voltage Vo1+1.2 6.4 Vort 1.7 V
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 1 7V < Vyny < 18V
lo1 = BbmA 5 50 mV
AVoo Line regulation 2 lg2 = BmA 5 50 mV
AVo1 Load regulation 1
BmA < lg; < 400mA 50 100 mV
AVo2o Load regulation 2 5mA < lgg < 400mA 50 100 mV
lg Quiescent current 0<Vn<13V 4.5 6.5 mA
7V < VN <13V 1.6 3.5 mA
|02 = |01 < 5mA
lQ1 Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
VIN% =0 _
lg; < BmA lgo =0
4/9 C" SGS-THOMSON
MU@@@E&E@?@@NU@S
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L4901A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, Typ. Max. Unit
VRT Reset threshold voltage Vo2-0.15| 49 [Vg5-005| V
VRrTH  Reset threshold hysteresis 30 50 80 mVv
VRH Reset output voltage HIGH Ir = 500uA Voo-1 4,12 Vo2 \
VRL Reset output voltage LOW Ir = -BmA 0.25 0.4 \%
tRD Reset pulse delay Ci¢ = 10nF 3 5 " ms
tg Timing capacitor discharge C; = 10nF 20 s

time
Vo1 thermal drift -20°C < Tymp < 125°C 0.3 mv/°C
AT a -0.8
AY02  Thermal drift -20°C < Tymp < 125°C 0.3 mv/°C
AT amb -0.8
SVR1 Supply voltage rejection f = 100Hz VR = 0.5V 50 84 dB
lo = 100mA

SVR2 Supply voltage rejection 50 80 dB
Tyso Thermal shut down 150 °c

*The dropout voltage is defined as the difference between
lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4901A makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vgt the output 2 (Vy,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Voo and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

&7, S5 THOMSON

the input and the output voltage when the output voltage is

— an overload on the output 1 (Vo < Vgr);
— aswitch off (Viy < Vi1 = Vin);

and they start again as before when the con-
tﬁtion is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vj; output features:

— 5V internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very
low leakage current error even in power down
condition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vy;

N 5/9
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L4901A

CIRCUIT OPERATION (continued)

regulator also features low consumption (0.6mA
typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vg, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered

down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT”, permitting RAM access
only in correct power conditions, oras a “BACK-
UP ENABLE’ to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

Fig. 1
g9 AV Yoy
Vine=Ying L—l
TT 1
Vit o At T - itk
Vo o
| 1 | 1
Yt 7 ‘ N TN
i } |
- !
!
i ! t,
T |
1y i
y [ |
[ I
11 Vo2
YR
t f-—
tRD tRD trRD trRD
* « H S-7769/1
v v v THERMAL
SWITCH 01 02 IN SHUT SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
system typically used in trip computers or in
car radios with programmable tuning.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.
Reg. 2 may be switched OFF when the system
is inactive.

Fig. 4 shows the L4901A with a back up battery
on the Vg; output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

in this case the main on-off switch disconnects
both regulators from the supply battery.

6% ﬁ SGS-THOMSON

The L4901A is also ideal for microcomputer sys-
tems using battery backup CMOS static RAMs.
As shown in fig. 5 the reset output is used both to
disable the uP and, through the address decoder
M74HC138, to ensure that the RAMS are disabled
as soon as the main supply starts to fall.

Another interesting application of the L4901A is
in uP system with shadow memories. (see fig. 6)

When the input voltage goes below V|, the
reset output enables the execution of a routine
that saves the machine’s state in the shadow
RAM (xicor x 2201 for example).

Thanks to the low consumption of the Reg. 1
a 680uF capacitor on its input is sufficient to
provide enough energy to complete the operation.
The diode on the input guarantees the supply
of the equipment even if a short circuit on V,
occurs.

MICROELECTRONICS
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L4901A

APPLICATION SUGGESTION (continued)

Fig. 2

v,
IN1 ?—[ 7 ouT 1 DD CMOS
_LBATTERV l | SAL LA | Cé4 CLOCK
C1 1uF
I I "o,
CMOS
MP WITH
VOLATILE
IN2 T
PR i
c2 1 to10uF
Cs Voo
T
OTHER
3 LOGIC
c3 @sv
10 nF I L4901A |5 RESET out RESET

2

Fig. 3 - P.C. board component layout of fig. 2 (1 : 1 scale)
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L4901A

APPLICATION SUGGESTION (continued)

Fig. 4
1 < TuA
INY — outt Lo v
% ! REG. 1 7 ~—— 0D € MOS
— CLOCK
BATTERY
0.22uF
I I T
i I BACKUP
BATTERY uP(3875-2875)
IN2 2] F—— Is ouT2 Vpp | WITH BATTERY
REG.
L 1  to100F BACKUP
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v
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Cr OTHER LOGIC
10nF I L4901A|s  ReseT ouT| RESET @ sv
l $-7771/2
Fig. 5
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L4901A

APPLICATION SUGGESTION (continued)

Fig. 6
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Fig. 7 - Quiescent current
(Reg. 1) vs. output current
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Fig. 10 - Regulator 1 out-
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current vs. input voltage
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Fig. 8 - Quiescent current
(Reg. 1) vs. input voltage
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Fig. 9 - Total quiescent cur-
rent vs. input voltage
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Fig. 11 - Regulator 2 out-
put current and short circuit

Fig. 12 - Supply voltage
rejection regulators 1 and 2
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Kyz SGS-THOMSON

L4902A

DUAL 5V REGULATOR WITH RESET AND DISABLE

® DOUBLE BATTERY OPERATING

OUTPUT CURRENTS: ly; = 300mA
|02 = 300mA

® FIXED PRECISION OUTPUT VOLTAGE 5V
0

1 2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® OUTPUT 2 DISABLE LOGICAL INPUT

® LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® RESET OUTPUT NORMALLY HIGH

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4902A is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions and remote switch
on/off control can be realized.

Heptawatt

ORDERING NUMBER: L4902A

Vin DC input voltage

Transient input overvoltage (t = 40 ms)
lo Output current
Tstq, T; Storage and junction temperature

28

60

internally limited
-40 to 150 °C

<<

BLOCK DIAGRAM

Vi O— T 1 @T‘j—o Yor
I .
REG. 2 -—Io Vo2
DIS. 3 I
O- DISABLE
THERMAL DELAYED O RESET
PROTECTION RESET 2__OTIMING
_h 5-784013

June 1988
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L4902A

SCHEMATIC DIAGRAM
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L4902A

CONNECTION DIAGRAM

(Top view)

T e

N, ———————> OUTPUT1
6 | O0UTPUT2
s|—————"> RESET
|5 GROUND
3|/ DISABLE INPUT
2 {5 TIMING CAPACITOR
VTS INPUT

S | 7 -
S-7841

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Regulators common input.

2 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a BuA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

3 Voo DISABLE INPUT A high level (> V1) disable output Reg. 2.

4 GND Common ground.

5 RESET OUTPUT When pin 2 reaches 5V the reset output is switched high.

(3%
Therefore tgp = C; (1-(_)/.1_A ); trp (ms) = C; (nF).

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vg 1> Vgr.
DISABLE INPUT < Vpr and Vy > V1. If Reg. 2 is
switched-OFF the Cq, capacitor is discharged.

7 OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition)
output.

THERMAL DATA

Rin j-case Thermal resistance junction-case max 4 °c/w

(N7 SGS-THOMSON 3/9
Y/, MICROELECTRONICS
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L4902A

TEST CIRCUIT

7

Vo1

6

—0

4
—

10nFI

$-936012

5 RESET
—
2
1..7/..1
-,

|

L

fZ.Z}J F

voZ

ELECTRICAL CHARACTERISTICS (V n = 14.4V, T,mp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. | Max. Unit
Vj DC operating input voltage 24 \%
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.15 \
Voo  Output voltage 2 HIGH R load 1K§ Vo1-0.1 5 Vo1 \Y
Voo L Output voltage 2 LOW lgo = -BmA 0.1 \
lo1 Output current 1 max. AVgy = -100mV 300 mA
lLo1 Leakage output 1 current Vin =0 1 kA
Vo1 < 3V
lo2 Output current 2 max. AVgp = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | lg3 = T0mA 0.7 0.8 \
lp1 = 100mA 0.8 1 Vv
lp1 = 300mA 1.1 1.4 %
Vit Input threshold voltage Vo1+1.2 6.4 Vo1 +1.7] V
ViTH Input threshold voltage 250 mV
hysteresis
AVy1 Line regulation 1 7V < VN < 24V lpp = BmA 50 mV
AV Line regulation 2 lop2 = BmA 50 mV
AVg1 Load regulation 1
° BmA < lg; < 300mA 40 80 mv
AVgp Load regulation 2 5mA < lgo < 300mA 50 80 mV
lq Quiescent current 0<Vn <13V 4.5 6.5 mA
7V <V N <13V Vg, LOW 2.7 45 mA
7V < VN < 13V Vo2 HIGH 1.6 3.5 mA
|01 = |o2 < BmA
VRT Reset threshold voltage Vp2-0.15 | 4.9 |V(-005| V
VrTH  Reset threshold hysteresis 30 50 80 mvV
4/9 y7 SGS-THOMSON
Y/, WICROELECTRONICS
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L4902A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRH Reset output voltage HIGH IR = 500uA Voa-1 4.12 Vo2 v
VgL Reset output voltage LOW IR = -TmA ' 0.25 0.4 \
trRD Reset pulse delay Ci = 10nF 3 5 1 ms
tg Timing capacitor discharge Ci = 10nF 20 us

time
VpT Vo2 disable threshold voitage 1.25 2.4 \
) Vo2 disable input current Vp < 04V -150 LA
Vp > 24V -30 LA

VoI Thermal arie -20°C < Tamp < 125°C 0.3 mv/°C
AT -0.8
%‘%2 Thermal drift -20°C < Tamp < 125°C _8;2 mV/°C
SVR1  Supply voltage rejection f=100Hz VR=05V Iy = 100mA 50 84 dB
SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 25mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4902A makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with common
inputs plus a reset output for the data save func-
tion and a Reg. 2 disable input.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vo1
rises to the nominal value.

When the input reaches V,r and the output 1
is higher than Vg the output 2 (Vy,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:
— a high level (> Vpt) is applied on pin 3;

— an input overvoltage;
— an overload on the output 1 (Vy; < Vgr);
— a switch off (VlN < Vn— - VITH);

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vg, output features:

— 5V internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current even in power down con-
dition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery.

£77 SGS-THOMSON 579
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L4902A

CIRCUIT OPERATION (continued)

The Vg, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT”, permitting RAM access

only in correct power conditions, or as a'’BACK-
UP ENABLE” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

The disable function can be used for remote
on/off control of circuits connected to the Vo;
output.

Fig. 1
AV Vo, Vo
Vit ] r_
I [~ ViTH
N
Var 4 : \
|
| I Vo | ,
|
Vor : L.
y |
|
A ty
tR tRD t o
'R0, teo tRol | kol | [gol
THERMAL
SWITCH Vot Vo2 I SHUT Vo2 SWITCH
oN OVERLOAD OVERLOAD | OVERLOAD | DOWN DISABLE | OFF s-784212

APPLICATION SUGGESTION

Fig. 2 illustrate how the L4902A’s disable input
may be used in a CMOS uComputer application.

The Vg regulator (low consumption) supply
permanently a CMOS time of day clock and a
CMOS ucomputer chip with volatile memory.
Vo, output, supplying non-essential circuits, is
turned OFF under control of a uP unit.

Configurations of this type are used in products
where the OFF switch is part of a keyboard
scanned by a micro which operates continuously
even in the OFF state.

Another application for the L4902A is supplying a
shadow-ram microcomputer chip (SGS M38SH72
for exemple) where a fast NV memory is backed
up on chip by a EEPROM when a low level on

or.

6/9
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the reset output occurs.

By adding two CMOS-SCHMIDT-TRIGGER
and few external components, also a watch dog
function may be realized (see fig. 5). During
normal operation the microsystem supplies a
periodical pulse waveform; if an anomalous
condition occours (in the program or in the
system), the pulses will be absent and the disable
input will be activated after a settling time de-
termined by R1 C1. In this condition all the
circuitry connected to Vg, will be disabled,
the system will be restarted with a new reset
front.

The disable of V5, prevent spurious operation
during microprocessor malfunctioning.




L4902A

APPLICATION SUGGESTION (continued)
Fig. 2

IN 1

7 OuTt Voo CMOS
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Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1 : 1 scale)
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 4
Vi : V01
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¢ | Vo2 TO OTHER
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 6 - Quiescent current

Vs. output current

Fig. 7 - Quiescent current
vs. input voltage

Fig. 8

- Supply voltage

rejection regulators 1 and 2

vs. input ripple frequence
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DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS

® OUTPUT CURRENTS: lo; = 50mA
loz = 100mA

® FIXED PRECISION OUTPUT VOLTAGE
5V =2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® QUTPUT 2 DISABLE LOGICAL INPUT

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® |INPUT OVERVOLTAGE PROTECTION UP
TO 60V

(]

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA
® RESET OUTPUT NORMALLY LOW

® QUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4903 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset, data save functions and remote switch
on/off control can be realized.

Minidip Plastic

ORDERING NUMBER: L4903

Vin DC input voltage 24 \%
Vi Transient input overvoltage (t = 40 ms) 60 \Y
Piot Power dissipation at T,y,= 50°C 1 w
Tstg, Tj Storage and junction temperature -40 to 150 °C

BLOCK DIAGRAM

VitO— ! 1 REG. 1 J ] & oVo1
Vi2o 2 II REG. 2 ll 7 —O Vo2
5
DISO DISABLE
6
THERMAL DELAYED O RESET
PROTECTION RESET 3 OTIMING
i 5-9416/2

June 1988
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L4903

SCHEMATIC DIAGRAM
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L4903

CONNECTION DIAGRAM
(Top view)

S
INPUT 1 [ 1 8 || outPUT1
INPUT 2 [ 2 7 ]OUTPUTZ
TIMING RESET
CAPACITOR|] 3 6] ouTPUT
v
GND [ 4 S| oisal?
INPUT
$-9417

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a TOuA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

5 Vo, DISABLE INPUT A high level (> Vpt) disables output Reg. 2.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low.

5V
Therefore tRD = Ct l10_/~lA)' trD (ms) = Ct (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vg 1 > Vg1.
DISABLE INPUT < VDT and V|N2 > VIT' If Reg. 2 is
switched OFF the Cy, capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rinj-pin  Thermal resistance junction-pin 4 max 70 :C/W
Rinjamp  Thermal resistance junction-ambient max 100 Cc/wW
SGS-THOMSON 3/7
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L4903

TEST CIRCUIT P.C. board and components layout
of the test circuit (1 : 1 scale)
) 1
Yo GND Yi2 Vid
= Q
0 pF
Vi20 L4903
Vo2 5
DIS.
=Ci2 i
L 22uF
= S-p418

bhbss

GND DIS. RS Vg4 Vo4

ELECTRICAL CHARACTERISTICS (V |y = 14,4V, T,mb= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
A DC operating input voltage 20 \%
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.156 \
Voo H Output voltage 2 HIGH R load 1K Vp1-0.1 5 Vo1 \
Vo2  Output voltage 2 LOW lg2 = -BmA 0.1 \
lo1 Output current 1 max. (*) AVgp =-100mV 50 mA
I o1 Leakage output 1 current VinN =0 1 HA
Vo1 < 3V
lo2 Qutput current 2 max. (*) AVgo =-100mV 100 mA
Vio1 Output 1 dropout voltage (*) | lgy = 10mA 0.7 0.8 \
lg1 = 50mA 0.75 0.9 A
Vit Input threshold voltage Vo1+1.2 6.4  [Vgp1+1.7 \Y
ViTH Input threshold voltage 250 mV
hysteresis
AVoq Line regulation 1 7V < V)N <18V lgg = BmA 5 50 mV
AVoa2 Line regulation 2 lg2 =5mA 5 50 mV
AVoq Load regulation 1 Vin: = 8V 5BmA < lg; < 50mA 5 20 mV
AVgo Load regulation 2 5mA < lgo < 100mA 10 50 mV
lq Quiescent current 0 <Vy <13V 4.5 6.5 mA
7V <V N < 13V Vo LOW 2.7 4.5 mA
IN 02
7V <V N < 13V Vg HIGH 1.6 3.5 mA
lgy = lg2 < BMA
lQ1 Quiescent current 1 6.3V < VN1 < 13V
Ving =0 06 0.9 mA
lp1 < BmA lg2 =0
il Ly7 SGS-THOMSON
V7. HiCROELECTRONICS
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L4903

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Voz2-04 4.7 Vp2-0.2 \
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 5OOLA Voao-1 4.12 Vo2 \
VRL Reset output voltage LOW IR = -BmA 0.25 0.4 Vv
trRD Reset pulse delay C¢ = 10nF 3 5 11 ms
tq Timing capacitor discharge Cy = 10nF 20 us
time
Vpr V2 disable threshold voltage 1.25 2.4 \%
Ip Vz disable input current Vp < 0.4V -150 nA
Vp > 2.4V 30 LA
8Vo1  thermal drift -20°C < Tymp < 125°C 0.3 mV/°C
AT 08
AAVT°2 Thermal drift -20°C < Tamp < 125°C _8:3 mV/°C
SVR1 Supply voltage rejection f=100Hz VR=0.5V Iy=50mA 50 84 dB
SVR2 Supply voltage rejection lo = 100mA 50 80 dB
TJsp Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 25mV under constant output current conditions, -

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4903 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separate
inputs plus a reset output for the data save func-
tion and Reg. 2 disable input.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg, rises
to the nominal value.

When the input 2 reaches V,+ and the output 1
is higher than Vgt the output 2 (Vg, and Vg)
switches on and the reset output (Vg) goes low
after a programmable time Tgp (timing capacitor).
Vjo is switched at low level and Vg at high level
when one of the following conditions occurs:

L7, 3 THOMEON

— a high level (> Vpr) is applied on pin 5;
— an input overvoltage;

— an overload on the output 1 (Vy; < Vgt);
a switch off (Vi <Vt - VitH):

and they start again as before when the condi-
tion is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vg, output features:

— 5V internal reference without voltage divider
between the output and the error comparator

— very low drop series regulator element util-
izing current mirrors

permit high output impedance and then very
low leakage current even in power down con-
ditions.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery.

5/7
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L4903

CIRCUIT OPERATION (continued)

The Vg, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT", permitting RAM access

only in correct power conditions, or as a “BACK-
UP ENABLE” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

The disable function can be used for remote
on/off control of circuits connected to the Vg,
output.

Fig. 1
4YinYor, Yo
YintVing . L_;’T-,
Vird e b 2 r_
I 1~ ~ ViTH
Yo h \
Var 4 o ~ T \ .
( !
| |
AN S S S Vois. :
Vor : : t
I
4 | '
! 1
] VOZ
VR
t -
v v v THERMAL |y
SWITCH o1 IN SHUT 02 SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN DISABLE | OFF S-9419/1

APPLICATION SUGGESTION

Fig. 2 illustrates how the L4903's disable input
may be used in a CMOS uComputer application.

The Vp; regulator (low consumption) supply
permanently a CMOS time of day clock and a
CMOS ucomputer chip with volatile memory.
Voo output, supplying non-essential circuits, is

turned OFF under control of a uP unit.

Configurations of this type are used in products
where the OFF switch is part of a keyboard
scanned by a micro which operates continuously
even in the OFF state.

Fig. 2
INY [Tresq e our: Voo CMOS
_LsAneav _L L CLOCK
1uF
I e T Voo
v, OIS CMOS
5 o2 OUT PORT| wP WITH
VOLATILE
M aee o}
AEe. 2 7 QuT2 IN PORT RAM
L 1to10uF
Ypp
OTHER
3 LOGIC
Cr Qsv
10nF { L4503 |6 RESET out RESET
L
$-9420
/7 ‘y, SGS-THOMSON
'~ MICROELECTRONICS
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L4903

APPLICATION SUGGESTIONS (continued)

Fig. 3 - Quiescent current Fig. 4 - Quiescent current
(Reg. 1) vs. output current (Reg. 1) vs. input voltage
G~ 6100/1 6-5796/2
fay ] lay
(ma) ] (ma)
Vip=12v,
e 5 228
1 5
— 4

0 25 50 Ioy(mA) 0 3 [ 9 12 15 BV (V)

Fig. 6 - Supply voltage re-
jection regulators 1 and 2
vs. input ripple frequence

6-5924/1

Fig. 5 -~ Total quiescent
current vs. input voltage
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Lyz S0S-THOMSON

L4904A

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: lg; = b50mA
|02 = 100mA

® FIXED PRECISION OUTPUT VOLTAGE
5V + 2%

® RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

® RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

® RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

® OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® | OW QUIESCENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® RESET OUTPUT NORMALLY HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4904A is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Minidip Plastic

ORDERING NUMBER: L4904A

Vin DC input voltage
Transient input overvoltage (t = 40 ms)
Iy Qutput current
Piot Power dissipation at Ty, = 50°C
T; Storage and junction temperature

24

60

internally limited
1

-40 to 150

o

0 <<

BLOCK DIAGRAM

V. [ ] Vo1
i1 O ‘L 1 REG. ! J } ,__J:. O
Vi20 i < {_Res.2 JI—O Vo2
DISABLE
—
6
THERMAL DELAYED O RESET
PROTECTION RESET 3—OTIM|NG

L

June 1988

S-9411f1
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SCHEMATIC DIAGRAM

L4904A
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L4904A

CONNECTION DIAGRAM

(Top view)
\J
INPUT 1 [ 1 8 ] OUTPUT1
INPUT 2 [ 2 7 Jourpurz
TIMING RESET
CAPACITOR[ 3 6 ] ouTPUT
GND 4 5 ] N.C.
S$-9412

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is sw1tched—
OFF the delay capacitor is discharged.

4 GND Common ground.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgp = C; (10uA ); trp (ms) =C, (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1> Vgt
and Viy2 > V7. If Reg. 2 is switched-OFF the Cg,
capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rtnjamp  Thermal resistance junction-ambient max 100 °c/w
G537 SGS-THOMSON 2
Y/, SicRoELECTROMICS
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L4904A

TEST CIRCUIT
P.C. board and components layout
of the test circuit (1 : 1 scale)

8 Vo1
O,
Vin ! 7 . . oND Vi2 ém
L4904A |s RESET Voo
Vig 2 T—> €S- 0244
47 pF| P i |
- 7p e

0,1}.:FI IZ.Z}JF 10nFICT fZ.Z};F
$-9413/1

Iy

GND RS Voo V

o1

ELECTRICAL CHARACTERISTICS (V |y = 14,4V, Tamp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.16
Voo  Output voltage 2 HIGH R load 1KQ Vg3 -0.1 5 Vo1
Voo  Output voltage 2 LOW lgo = -bmA 0.1
lo1 Output current 1 AVg1 = -100mV 50 mA
I o1 Leakage output 1 current Vin =0 1 HA
loz Output current 2 AVg2 = -100mV 100 mA
Vio1  Output 1 dropout voltage (*) | lo; = 10mA 0.7 0.8 v
lg1 = 50mA 0.75 0.9 Vv
Vit Input threshold voltage Vo1 +1.2| 6.4 Vo1 +1.7
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 7V < VN < 18V lg; = 5mA 5 50
mV
AVgo Line regulation 2 lo2 = BMA 5 50
AVo1 Load regulation 1 VinN = 8V BmA < lg; <50mA 5 20
mV
AVgo Load regulation 2 5mA < lgz < 100mA 10 50
lq Quiescent current 0 <Vn <13V 45 6.5 mA
7V <V N <13V 1.6 35 mA
102 = |01 < 5mA
lQ1 Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
Ving = 0
lo]_ < 5mA |°2 =0
4/8 y7 SGS-THOMSON
V7. 591GROELECTRONICS
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L4904A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Vp2-0.15| 49 |Vgo-005| V
VrTH  Reset threshold hysteresis 30 50 80 mvV
VRH Reset output voltage HIGH Ir = 500uA Voo -1 4.12 Vo2
VRL Reset output voltage LOW Ir = -BmA 0.25 0.4
trRD Reset pulse delay Cy = 10nF 3 11 ms
tyq Timing capacitor discharge C¢ = 10nF 20 us
time
AVoy ) o 5 0.3
——=—  Thermal drift -20°C < Tymp < 125°C mv/°C
AT -0.8
2Y02  termal arife -20°C < Tymp < 125°C 0.3 mv/°C
AT amb -0.8
SVR1 Supply voltage rejection lo = 50mA 50 84 i dB
f = 100Hz
. Vg = 0.5V
SVR2 Supply voltage rejection Io = 100mA 50 80 dB
Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4904A makes it very easy to
supply such equipments; it provides two voltage
regulators (booth 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the. input 2 reaches V|, and the output 1
is higher than Vry the output 2 (Vy,) switches
on and the reset output (Vg) also goes high after
a programmable time Tgrp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

—-an input overvoltage

— an overload on the output 1 (Vo; < Vrr);
— aswitch off (V\y < Vi1 - Vith);

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vy; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

permit high output impedance and then very
low leakage current even in power down con-
ditions.

This output may. therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vg,
regulator also features low consumption (0.6mA

ﬁ SGS-THOMSON 5/8
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L4904A

CIRCUIT OPERATION (continued)

typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vg, output can supply other non essential
5V circuits which may be powered down when
the system is inactive, or that must be powered
down to prevent uncorrect operation for supply

voltages below the minimum value.

The reset output can be used as a “POWER
DOWN INTERRUPT", permitting RAM access
only in correct power conditions, or as a “BACK-
UP ENABLE” to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

Fig. 1
AV Von
Yine=Vin2 ml'
[ T T - Virk
Voi T T
VRt 4+ N - . ~ T
RT RY \j | \
]
| |
P !
[ ! t
T |
1y |
A [ )
[ |
11 Vo2
VR EZZ
t -
tRD tRD trD trRD
S_-7769/1
v v v THERMAL
SWITCH 01 02 IN SHUT SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
system.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.

Reg. 2 may be switched OFF when the system

is inactive.

Fig. 3 shows the L4904A with a back up battery

b8 ﬁ SGS-THOMSON

on the Vg; output to maintain a CMOS time-of-
day clock and a stand by type C-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

In this case the main on-off switch disconnects
both regulators from the supply battery.

MICROELECTRONICS
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L4904A

APPLICATION SUGGESTIONS (continued)

Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset
output provide delayed rising front at the turn-off of the regulator 2,

Fig. 2
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L4904A

APPLICATION SUGGESTIONS (continued)

Fig. 4 - Quiescent current Fig. 5 - Quiescent current
(Reg. 1) vs. output current (Reg. 1) vs. input voltage
G- 6100/1 6-5796/2
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Fig. 6 - Total quiescent cur- Fig. 7 - Supply voltage
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vs. input ripple frequence
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L4905

DUAL 5V REGULATOR WITH RESET

DOUBLE BATTERY OPERATING

OUTPUT CURRENTS: l5; =200mA

loo =300mA
FIXED PRECISION OUTPUT VOLTAGE 5V
1%
RESET FUNCTION CONTROLLED BY IN-
PUT VOLTAGE AND OUTPUT 1 VOLTAGE

RESET FUNCTION EXTERNALLY PRO-
GRAMMABLE TIMING

RESET OUTPUT LEVEL RELATED TO
OUTPUT 2

OUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

LOW QUIESCIENT CURRENT (INPUT 1)

INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

ADVANCE DATA

® RESET OUTPUT HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4905 is a monolithic low drop dual 5V
regulator designed mainly for supplying micro-
processor systems.

Reset and data save functions during switch on/
off can be realized.

Heptawatt

ORDERING NUMBER: L4905

Vin DC input voltage

lo

Tj

Transient input overvoltage (t = 40 ms)
Output current
Storage and junction temperature

28 \%
60 \%

internally limited
-40 to 150 °C

BLOCK DIAGRAM

Vi

o— ! REG. 1 —1—07 Vo
R
V‘z I 2 6 I Vo2
i %é _REG. 2 TO °
||
DISABLE
THERMAL DELAYED O RESET
PROTECTION RESET 3 OTIMING
i $-7767/2

June 1988
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.

95



L4905

SCHEMATIC DIAGRAM
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L4905

CONNECTION DIAGRAM
(Top view)

— OUTPUT 1
—————> OUTPUT 2
> RESET
> GROUND
> TIMING CAPACITOR
> INPUT 2

b S
U

INPUT 1
S—1
$-7768
PIN FUNCTIONS
N° NAME FUNCTION
1 INPUT 1 Low quiescent current 200mA regulator input.
2 INPUT 2 300mA regulator input.
3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged

with a 10uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.
Therefore tgp = C, |( % ); trp (ms) = C; (nF)

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vg 1> Vg

and Vin2 > V. If Reg. 2 is switched-OFF the Cq,
capacitor is discharged.

7 OUTPUT 1 - BV - 200mA regulator output with low leakage (in
switch-OFF condition).

THERMAL DATA

Rih jcase Thermal resistance junction-case max 4 ‘cw
L7 SGS-THOMSON e
V7. 5iCRozLsCTRONIGS
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L4905

TEST CIRCUIT

7 Vg‘;
Vn 1
6 To)
s RESET Vo2
v, 2 — > °
i2 3
1 10.7)JF
G
10nF ':L

0.1’1Ff IZ.Z/.IF IZ.Z}JF

5-9348/4

ELECTRICAL CHARACTERISTICS (Vini = Vine = 14,4V, Tamp = 25° unless otherwise
specified)
Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 24 \)
Vo1 Output voltage 1 R load 1KQ 5.0 5.05 5.1 Vv
Voo  Output voltage 2 HIGH R load 1K Vp1-0.1 5 Vo1 \
Vo2  Output voltage 2 LOW lg2 = -5mA 0.1 \
o1 Output current 1 AVg3 =-100mV 200 mA
I o1 Leakage output 1 current VinN=0 1 HA
Vo1 <3V
lo2 Output current 2 AVgp = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | 1g; = 10mA 0.7 0.8 Vv
lg1 = 100mA 0.8 1 v
lp1 = 200mA 1.05 1.3
Vit Input threshold voltage Vo1t+1.2 64 |Vgut1.7| V
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 1 7V < VN < 24V
log = BmA 5 50 mV
AV Line regulation 2 lo2 = BmA 5 50 mV
AVo1 Load regulation 1
5mA < lg; < 200mA 40 80 mV
AVgo Load regulation 2 5mA < lgz < 300mA 50 100 mV
lq Quiescent current 0<Vny<13V 4.5 6.5 mA
7V <V N <13V 1.6 3.5 mA
|02 = |01 < 5mA
lQa Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
v, =0
lo1 % 5mA loz =0
/8 Lyy SGS-THOMSON
V7. HICROELECTRONICS
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L4905

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Vo2-0.15| 4.9 |Vp,-005| V
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Voo-1 412 Vo2 \
VRL Reset output voltage LOW IR = -BmA 0.25 0.4 \%
trRD Reset pulse delay C¢ = 10nF 3 5 11 ms
ty Timing capacitor discharge Ci = 10nF 20 us

time
8Y01  Thermal drift ~20°C < Tymp < 125°C 03 mv/°C
AT -08
2Y02  thermal arift -20°C < Tamp < 125°C 0.3 mv/°C
AT -08
SVR1 Supply voltage rejection f = 100Hz VR =05V 54 84 dB
lo = 100mA 50

SVR2 Supply voltage rejection 50 80 dB
Tysp Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP systems it is necessary
to provide power continuously to avoid loss
of information in memories and in time of day
clocks, or to save data when the primary supply
is removed. The L4905 makes it very easy to
supply such equipments; it provides two voltage
regulators (both 5V high precision) with separ-
ate inputs plus a reset output for the data save
function.

CIRCUIT OPERATION (see Fig. 1)

After switch on Reg. 1 saturates until Vg,
rises to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vry the output 2 (Vg,) switches
on and the reset output (V) also goes high after
a programmable time Tgp (timing capacitor).

Vo2 and Vi are switched together at low level

when one of the following conditions occurs:

— an input overvoltage-

— an overload on the output 1 (Vo; < Vgrt);
— aswitch off (Viy < Vit - ViTn);

and they start again as before when the con-
dition is removed.

An overload on output 2 does not switch Reg. 2,
and does not influence Reg. 1.

The Vp; output features:

— BV internal reference without voltage divider
between the output and the error comparator;

— very low drop series regulator element util-
izing current mirrors;

— permit high output impedance and then very
low leakage current error even in power down
condition.

This output may therefore be used to supply
circuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery. The Vg,

. 5/8
&7 RN
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L4905

CIRCUIT OPERATION (continued)

regulator also features low consumption (0.6mA
typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vg, output can supply other non essential
5V circuits wich may be powered down when
the system is inactive, or that must be powered

Fig. 1

down to prevent uncorrect operation for supply
voltages below the minimum value.

The reset output can be used as a "POWER
DOWN INTERRUPT”, permitting RAM access
only in correct power conditions, or as a"BACK-
UP ENABLE" to transfer data into in a NV
SHADOW MEMORY when the supply is in-
terrupted.

Avin Vo
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Vit e e e M e o I I -
I ; o Vitn
o1 | T
VRT A N - - T
AT Y LN
g |
i
b |
P | t
T i
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A b l
(I |
1 Voo
VR
/ ty
tRD tro | trRD trRD
e ht—e| re—> S.7769/
v v v THERMAL !
SWITCH 01 02 IN SHUT | SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a pP
system typically used in trip computers or in
car radios with programmable tuning.

Reg. 1 is permanently connected to a battery
and supplies a CMOS time-of-day clock and a
CMOS microcomputer chip with volatile memory.
Reg. 2 may be switched OFF when the system
is inactive.

6/8 [’7 SGS-THOMSON

Fig. 4 shows the L4905 with a back up battery
on the Vg, output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. The
reset output makes sure that the RAM is forced
into the low consumption stand by state, so the
access to memory is inhibit and the back up
battery voltage cannot drop so low that memory
contents are corrupted.

In this case the main on-off switch disconnects
both regulators from the supply battery.

MICROELECTRONICS
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L4905

APPLICATION SUGGESTION (continued)

Fig. 2
‘ INY e 1 oun Voo CMOS
| SR C4 CLOCK
BATTERY
_L C1 l '_L' 10F
I 0.22p FI I Vop
CMOS
uP WITH
IN2 reser | VORATILE
TZ g I o e o
1 to10uF
“I cs Voo
T
OTHER
3 LOGIC
c3 @sv
10 nF -I[— L4905 |5 RESET out RESET
L
S—10540
Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale)
CS-0242
GND IN1 OUT2 GND
Lyz SGS-THOMSON 7/8
Y/, fachosLseTROMES
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L4905

APPLICATION SUGGESTION (continued)

Fig. 4

[og
BATTERY

1 < 1uA
IN1 1 r_FEI_—l 7 OuTt LD1 Vob € MOS
_L | A | L CLOCK
0.22uF
I 1uF Vsp
l BACKUP
BATTERY up
IN?2 2| s ouT?2 Vpp | WITH BATTERY
ATUE L L 1to10uF BACKMUP
w0 I I RESET RA
3 Yop
Cr _L— OTHER LOGIC
10nF I L4905 |5 RESET OUT, RESET @ sv
4
J_ 5-10541

Fig. 5 - Quiescent current
(Reg. 1) vs. output current

6-5795

la1

Fig. 6 - Quiescent current
(Reg. 1) vs. input voltage

6579612

Fig. 7 - Total quiescent cur-
rent vs. input voltage

6-579711

latot

1,
a1
(ma) . (ma) | (ma)
Vip =12V V=0 lo1=lp2 £5mA
. _‘ R I €5mA 6 Yir=Viz
5 s
2 4 4 Y
-l A D
| ) L )
| l | d | ||
0 100 200 1oy (mA) 0 3 6 9 12 1B 1 Vy(V) ° 3 06 8§ m 15 18 Vi (V)
8/8 ‘_'71 SGS-THOMSON
w MICROELECTRONICS
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Kys SGS-THOMSON

L4915

ADJUSTABLE VOLTAGE REGULATOR PLUS FILTER

® OUTPUT VOLTAGE ADJUSTABLE FROM
4 TO 11V

HIGH OUTPUT CURRENT (UP TO 250mA)
HIGH RIPPLE REJECTION

HIGH LOAD REGULATION

HIGH LINE REGULATION

SHORT CIRCUIT PROTECTION

THERMAL SHUT DOWN WITH HYS-
TERESIS

® DUMP PROTECTION

This circuit combines both a filter and a voltage
regulator in order to provide a high ripple rejec-
tion over a wide input voltage range.

BLOCK DIAGRAM

PRELIMINARY DATA

A supervisor low-pass loop of the element pre-
vents the output transistor from saturation at
low input voltage.

The non linear behaviour of this control circuitry
allows a fast settling of the filter.

Power Minidip
(4 +4)

ORDERING NUMBER: L4915

INO-
[5 —i
lC
av ( o
l AvY

NON LIN. OTA

Q2

' OP1 CURRENT R
ref N LIMITING s .
Q3 _oour
V,
REF ret
3
~O ADJUST
THERMAL
PROTECT.
-8
l 28 6 oo
iz S-7894/1
T
1/5

June 1988
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L4915

ABSOLUTE MAXIMUM RATINGS

Vi Peak input voltage (300ms) 40 \
V; DC input voltage 28 \%
Iy Output current internally limited
Piot Power dissipation internally limited
Tetg Storage and junction temperature -40 to 150 °C
CONNECTION DIAGRAM
(Top view)

INPUT VOLTAGE

FILTERING

CAPACITOR GROUND

ADJUST

ouTPUT
Fig. 1 - Application circuit

4 —O VY%
Yi 1 R
%
0\uF
a 5-8 2 3 F
;:CFT R23%
Iw”'F 10K
S -7896/2
25(R1+R2Z)
% OUTPUT VOLTAGE Vo=
R2
THERMAL DATA
Rinjamp  Thermal resistance junction-ambient max 80 °C/W
Rinj-pins  Thermal resistance junction-pins max 20 °C/W
2/5 vz SGS-THOMSON
Y7, fICROELECTRONICS
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L4915

ELECTRICAL CHARACTERISTICS (T, = 25°C, V,

unless otherwise specified)

=13.6V, V, = 8.5V, circuit of Fig. 1,

Parameter Test Conditions Min. | Typ. Max. Unit
Vi Input voltage 20 \
Vo Output voltage Vi=61to 18V 4 11 \"
lo =5to 160mA
AVy0 Controlied input-output lo =5 to 150mA 16 21 \%
dropout voltage Vi =6 to 10V
AVo Line regulation Vi=121t0 18V 1 20 mV
lo = 10mA
AV, Load regulation lo =5 to 260mA 50 100 mV
ton = 30us
toff = = Tms
AVg Load regulation V=85V 150 250 mvV
(filter mode) lo =5 to 150mA
ton = 30us
toff = = 1ms
Viet Internal voltage reference 25 Vv
Iy Quiescent current lo =5mA 1 2 mA
Alg Quiescent current change Vi=6to 18V 0.05 mA
lo =5 to 150mA
lap Adjust input current 40 nA
AVq i o
= Output voltage drift lo = 10mA 1.2 mvV/°C
SVR Supply voltage rejection Viac = 1WVyms
f=100Hz
lo = 1560mA
Regulator 71 dB
Filter mode 35 (*) dB
Isc Short circuit current 250 300 mA
Ton Switch on time lo = 160mA
Filter mode 500 (*) ms
Regulator 300 ms
Tj Thermal shutdown 145 °C
junction temperature
(*) Depending of the Cg capacitor.
3/5

SGS-THOMSON
Y/, ICROELECTRONICS
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L4915A

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than Vi yun = VouT nom + AV)0). The device
works as a normal voltage regulator built around
the OP1 of the block diagram.
The series pass element uses a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value Vggg.
In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 2).
The output voltage is fixed to its nominal value:
R1

Voutnom = Vrer (1+?2-) =

R1
\% 1+ —
crr (1 + R2)

The ripple rejection is quite high (70dB) and in-
dependent to Cg value.

On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation and making it very
sensible to every variation of the input voltage.
On the contrary, a control loop on the L4915
consents to avoid the saturation of the series
element by regulating the value of the reference
voltage (pin 2). In fact, whenever the input volt-
age decreases below (V| v the supervisor loop,
utilizing a non linear 6TA, forces the reference
voltage at pin 2 to decrease by discharging Cg.
So, during the static mode, when the input volt-
age goes below Vv the drop out is kept fixed

to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The ripple rejection is externally
adjustable acting on Cg as follows:

SVR (o) = |t |
Vour (j2) ‘
-6
1+ 10
_am_ (1, R,
iWCer R2

Where:
gm=2-+10" Q7 =O0TA’S typical transconduc-
tance value on linear region

R1 _ .. .
Ry = fixed ratio

Cgt = value of capacitor in uF

The reaction time of the supervisor loop is given
by the transconductance of the OTA and by Cg.
When the value of the ripple voltage is so high
and its negative peak is fast enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharges the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won't charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device’s again working
as a filter (fast transient range).

With Cg+ = 10uF; f = 100Hz; V, = 8.5V a
SVR of 35 is obtained.

Fig. 2 - Nonliner transfer characteristic of the drop control unit

1A
I
;|
| I >
| -
| Vin-Yout
[
| |
X : 1) Normal operating range (high ripple rejection)
2) Drop controlled range (medium ripple rejection)
5-9617/2 3 2 1 3) Fast discharge of Cg1
4/5 Ly7 SGS-THOMSON
V7. MICROELEGTRONIGS
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L4915

£dB)

70

60

50

4«0

30

Fig. 3 - Supply voltage
rejection vs. input voltage
G- 586712
lo =150mA Ligts (dB)
Vo s i 50
Vo= 85V r="r="T
i 80
1
Cpp= LIuF L 7
22uF l’
i 60
10uF D
- 4 50
[ !
1
l 5 T — 40
1
| | y+——L78MO8 o
| A0
—==—=37 ‘ 20
2 4 6 w12 % Vg (V)

Fig. 4 - Supply voltage Fig. 5 - V, vs. supply volt-
rejection vs. frequency age (V, =8.5V)
G-6278 G- 6238
VO
sl |
Vr = 1VRMS
Vo=8.5V B ///
| : / o
/ \\_/ & / 1
213, 7,
Yg=13,5V , /

"/
4 /,
/) !
3 it
/
) f
1
10 10? 10 0t 0 2 4 6 8 10 2 % oB W

Fig. 6 - Quiescent current
vs. input voltage (V, =8.5V)

6-6239

Ip
(mAY

Ip=5mA|

2 4 6 8 10 12 14

Vi (V)

or.

t(Hz)

Fig. 7 - Dropout vs. load
current

G-§277

Vo)

(V)

[T
[

Viy =135V

Vo =85V

SGS-THOMSON
MICROELECTRONICS
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KYIW ?m&@gégﬁg%gﬁm?@g L4916

VOLTAGE REGULATOR PLUS FILTER

PRELIMINARY DATA

FIXED OUTPUT VOLTAGE 8.5V A supervisor low-pass loop of the element pre-

)
® 250mA OUTPUT CURRENT vents the output transistor from saturation at
low input voltages.
® HIGH RIPPLE REJECTION The non linear behaviour of this control circuitry
® HIGH LOAD REGULATION allows a fast settling of the filter.
® HIGH LINE REGULATION
® SHORT CIRCUIT PROTECTION
® THERMAL SHUT DOWN WITH
HYSTERESIS
® DUMP PROTECTION Power Minidip
(4 +4)

This circuit combines both a filter and a voltage

regulator in order to provide a high ripple rejec- ORDER CODE: L4916
tion over a wider input voltage range.

BLOCK DIAGRAM

IN'%[T]

L§ .
ol

I\4
MONOLIN. OTA

| oP1 CURRENT R
ret . LIMITING s
v Q3 ——¢
REF et

O out

THERMAL [] R2
PROTECT.

J =8 5 eno

2
Cer $-1772

June 1988 1/6
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L4916

ABSOLUTE MAXIMUM RATINGS

\2 Peak input voltage (300 ms) 40 v
Vi DC input voltage 28 \
lo Output current internally limited
Piot Power dissipation internally limited
Tag, T Storage and junction temperature -40 to 150 °C
CONNECTION DIAGRAM (top view)
INPUT VOLTAGE[
FILTERING [ 2
CAPACITOR
GROUND
N.C. [ 3
OUTPUT [ 4
S-1773
THERMAL DATA
R¢hjamp  Thermal resistance junction-ambient max 80 °C/W
Rinjpins  Thermal resistance junction pins max 20 °C/W
2/6 7 SGS-THOMSON
Y/, ICHOELECTRONICS

110



L4916

ELECTRICAL CHARACTERISTICS (Tamp = 25°C, V; = 13.6V, Test circuit of fig. 1, unless
otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi Input voitage 20 \%
Vo Output voitage V;=12to 18V 8.1 8.5 8.9 \
lo =5 to 150mA
AVyo Controlled input-output Vj=5to 10V 16 21 \%
dropout voltage lo =5 to 1560mA
AVg Line regulation V;=12t0 18V 1 20 mV
lo = 10mA
AVg Load regulation lo =5 to 250mA 50 100 mV
ton = 30us
torf = = Tms
AVg Load regulation V=85V 150 250 mV
(filter mode) lo =5 to 150mA
ton = 30us,.
toff = > 1ms
Iq Quiescent current lo =6mA 1 2 mA
Alg Quiescent current change | V; =6 to 18V 0.05 mA
lo =5 to 150mA
AVq . o
T Output voltage drift lo =10mA 1.2 mVv/°C
SVR Supply voltage rejection Viac = "Vyms
f =100Hz
lo = 150mA
Vch=1212018V 70 dB
Vipc =6to 11V 35 (*) dB
Isc Short circuit current 250 | 300 mA
Ton Switch on time lo = 160mA
Vi=5to 11V 500 (*) ms
Vi =11to0 18V 300 ms
Tj Thermal shutdown 145 °C
junction temperature
(*) Depending of the Cg capacitor.
3/6

&7, S TSN
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L4916

Fig. 1 - Test and Application Circuit

Vio- . 1 4 Vo

C1
01 uF

2
Tor Lo
I]O,uF IlpF

S 777412

Fig. 2 - P.C. board and component layout of fig. 1 (1 :1 scale)

€5-0262/2

N

IN OUT

4/6 .
7. 3E:THoNeoe
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L4916

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than V; pyin = VouT nom + AVs0). The device
works as a normal voltage regulator built around
the OP1 of the block diagram.

The series pass element use a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value Vggpg.

In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 3).

The output voltage is fixed to its nominal value:

Vout nom = Vgrer (1+ g—;) =

R1
_I_
Verr (14 R )

R1 _ INTERNALLY FIXED RATIO = 2.4

R2

The ripple rejection is quite high (70 dB) and in-
dependent from Cg value.

On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation making it very
sensible to every variation of the input voltage.
On the contrary, a control loop on the L4916
consents to avoid the saturation of the series
element by regulating the value of the reference
voltage (pin 2). In fact, whenever the input volt-
age decreases below V) y,n the supervisor loop,
utilizing a non linear 6TA, forces the reference
voltage at pin 2 to decrease by discharging Ce.

So, during the static mode, when the input volt-
age goes below Vy,n the drop out is kept fixed
to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The fipple rejection is externally
adjustable acting on Cg1 as follows:

. Vi (jw)
SVR =|l——1_|=
fjw) Vout (jw) l
106
T gm R1
— 1+ =)
wCer R2

Where:
gm =2-10"5 Q-1 = OTA’S typical transconduc-
R1 tance value on linear region

R2
Cet = value of capacitor in uF

= fixed ratio

The reaction time of the supervisor loop is given
by the transconductance of the OTA and by Ce.
When the value of the ripple voltage is so high
and its negative peak is fast enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharge the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won't charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device’s again working
as a filter (fast transient range).

With Cey= 10 uF; f = 100 Hz a SVR of 35 is
obtained.

Fig. 3 - Nonliner transfer characteristic of the drop control unit

T A

-

$-9617/2

—

Vin~Vour

1) Normal operating range (high ripple rejection)
2) Drop controlled range (medium ripple rejection)
3) Fast discharge of Cer

[ﬁ SGS-THOMSON 5/8
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L4916

(dB)

Fig. 4 - Supply voltage Fig. 5 - Supply voltage Fig. 6 - V, vs. supply voltage
rejection vs. input voltage rejection vs. frequency
G-6241 G -5798 G- 62380
lg=150mA (d8) | 1 =100mA (Vv‘;
12100Hz Cpy=100F
Vige= IVRMS 90 v=1VRMS
Fr==r="--r 8
”' 80 p— , I/,{
Cpp=tof | 1 70 A AN /
6
220F '} w0 /Vs.xn.sv \/k . // -
— 4 : ]
50 v -
T ! 3 yRMS L
, ! Vg =6V 3 v’ RMS ==+ =
' w0 2 44
, - L78M08 20 / s
AT 2
——j=—a | 20
) “ s s 0 2 “ VS(V) 10 101 |03 mL f(Hz) [ 2 4 6 8 10 12 14 16 V[(V)
Fig. 7 - Quiescent current Fig. 8 - Dropout vs. load
vs. input voltage current ore
, o-ezsant - -
(mAl)| ) 1
To=5mA Vi =5V
1.6
1.4
1.2 2
1
0.8 /
0.6 / 1
0.4
0.2
2 4 6 8 10 12 1% Vi (V) 0 50 100 Io (mA)
Fig. 9 - Inhibit function realized on Cgy pin.
1 4 v,
VIN L4916 +—OYour
5-8 2
c1 1/..|F
0.1uF v
# S P
10}JF
S-9616/1
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KYL 'msmg(:@gégfggv“ﬁg@?m?@g L4918

VOLTAGE REGULATOR PLUS FILTER

PRELIMINARY DATA

FIXED OUTPUT VOLTAGE 8.5V A supervisor low-pass loop of the element pre-
250mA OUTPUT CURRENT vents the output transistor from saturation at
low input voltages.

HIGH RIPPLE REJECTION The non linear behaviour of this control circuitry
HIGH LOAD REGULATION allows a fast setting of the filter.

HIGH LINE REGULATION
SHORT CIRCUIT PROTECTION

THERMAL SHUT DOWN WITH HYSTER-
ESIS

DUMP PROTECTION

Pentawatt

The L4918 combines both a filter and a voltage

regulator in order to provide a high ripple rejec- ORDERING NUMBER: L4918
tion over a wider input voltage range.

BLOCK DIAGRAM

1NO1
ﬁ] L l
lc
Avl ( Q2

AY

MONOLIN. OTA ;- ar
oP1 CURRENT
et — Rs
re N LIMITING
Q3
Vret

O out

|

1

‘ THERMAL

‘ PROTECT. U R2
|

|

1

J 3~OGND

Cer
5-940711

June 1988 1/5
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L4918

ABSOLUTE MAXIMUM RATINGS

V, Peak input voltage (300ms)

Vs DC voltage

lo Output current

Pyot Power dissipation

Tstg, Tj Storage and junction temperature

40 \%
28 \%
internally limited
internally limited
-40 to 150 °C

CONNECTION DIAGRAM

(Top view)

(Tab connected to pin 3)

Fig. 1 - Application and test circuit

—-N w s
(2]
z
IS}

L4918

THERMAL DATA

S$-94091/1

Ten
10uF I 1uF

Rin j-case Thermal resistance junction-case

max 4 °C/W

&7
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L4918

ELECTRICAL CHARACTERISTICS (T,np =25°C, V, = 13.5V unless otherwise specified)

Parameter Test Conditions Min, Typ. Max Unit
Vi Input voltage 20 \%
Vo Output voltage V;=12to 18V 8.1 8.6 8.9 \%
lo =5 to 150mA
AVyo Controlled input-output Vj=5to 10V 1.6 21 \%
dropout voltage lo =5 to 150mA
AVq Line regulation Vi=121t0 18V 1 20 mV
Io = 10mA
AVq Load regulation lo =5 to 260mA 100 mV
ton = 30us
toff == 1ms
AVg Load regulation V=85V 100 250 mV
lo =5 to 150mA
ton = 30us
toff == 1ms
lq Quiescent current lo =5mA 1.0 2 mA
Alg Quiescent current change | V; =6 to 18V 0.05 mA
lo =5 to 1560mA
AV i o
I~ Output voltage drift lo =10mA 1.2 mV/°C
SVR Supply voltage rejection Viac = "Vyms
f = 100Hz
Io = 150mA
Vipc = 12to 18V 71 dB
V|DC=6tO11V 35 (*) dB
Isc Short circuit current 250 300 mA
ton Switch on time lo = 1560mA
V;=5to0 11V 500 (*) ms
Vi=111t0 18V 300 ms
Tisp Thermal shut down 150 °c
(*) Depending of the Cg capacitor
Ly7 SGS-THOMSON 35
' MICROELECTRONICS
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L4918

PRINCIPLE OF OPERATION

During normal operation (input voltage upper
than V| MIN — VOUT NOM + AVI/O)' The device
works as a normal voltage regulator built around
the OP1 of the block diagram.

The series pass element use a PNP-NPN connec-
tion to reduce the dropout. The reference voltage
of the OP1 is derived from a REF through the
OP2 and Q3, acting as an active zener diode of
value Vggg.

In this condition the device works in the range
(1) of the characteristic of the non linear drop
control unit (see fig. 2)

The output voltage is fixed to its nominal value:

VouTt nom = Vger (1 + —g—;—) =

Vepr (14 %)

-2—;— = INTERNALLY FIXED RATIO = 24

The ripple rejection is quite high (71 dB) and in-
dependent from Cg value.

On the usual voltage regulators, when the input
voltage goes below the nominal value, the regula-
tion transistors (series element) saturate bringing
the system out of regulation making it very sen-
sible to every variation of the input voltage. On
the contrary, a control loop on the L4918 con-
sents to avoid the saturation of the series element
by regulating the value of the reference voltage
(pin 2). In fact, whenever the input voltage
decreases below V| v the supervisor loop,
utilizing a non linear OTA, forces the reference
voltage at pin 2 to decrease by discharging Cgr.
So, during the static mode, when the input volt-

age goes below VN the drop out is kept fixed
to about 1.6V. In this condition the device works
as a low pass filter in the range (2) of the OTA
characteristic. The ripple rejection is externally
adjustable acting on Cg1 as follows:

V. G
SVR (jw) =|—riw |
Vout (jw)
1+ 10°°
jwCgt R2

Where:
gm = 2105 Q-1 = OTA'S typical transconduc-
tance value on linear region

R fixed ratio

Cg1 = value of capacitor in uF

The reaction time of the supervisor loop is given
by the tranconductance of the OTA and by Cg+.
When the value of the ripple voltage is so high
and its negative peak is fast/enough to determine
an istantaneous decrease of the dropout till 1.2V,
the OTA works in a higher transconductance
condition [range (3) of the characteristic] and
discharge the capacitor rapidously.

If the ripple frequency is high enough the ca-
pacitor won't charge itself completely, and the
output voltage reaches a small value allowing a
better ripple rejection; the device’s again working
as a filter (fast transient range).

With Cey= 10 uF; f = 100 Hz a SVR of 35 is
obtained.

Fig. 2 - Nonliner transfer characteristic of the drop control unit

1A

4/5 57 SGS-THOMSON

P

Vin~Vour

1) Normal operating range (high ripple rejection)
2) Drop controlled range (medium ripple rejection)
3) Fast discharge of Cgy
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L4918

Fig. 3 - Supply voltage Fig. 4 - Supply voltage Fig. 5 - Output voltage vs
rejection vs. frequency rejection vs. input voltage input voltage
G -5798 6.5799 6-5800
(dB) | y =100mA (d8) [} isoma (“:0) I |
90 5,‘1?31‘:4‘5 7 'v:;?s:;s f 1,=100mA
f"' T 10 f=100Hz [
80 — 60 i
i 5
70 A \\ s Cpp=4TufF | |
8
/vsm.sv /;k [ 22uF j /
60 w0 7 7
10uF 1
T 6
50 30 1
Lo [ ! . /
40 20 I T
4
. o ~——L78M08 /
/ ' 3
-
20 4 ==
10 10? 10° 10° t(Hz) 2 46 B 0 2w Ve(V) 2 48 B 0 2 W 16 18 Vg (V)
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Lvy SGS-THOMSON
Y ncroE EeTRONGS LS204

HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER

s SINGLE OR SPLIT SUPPLY OPERATION
s LOW POWER CONSUMPTION

= SHORT CIRCUIT PROTECTION

s LOW DISTORTION, LOW NOISE

= HIGH GAIN-BANDWIDTH PRODUCT

= HIGH CHANNEL SEPARATION

DESCRIPTION

The LS204 is a high performance dual operational
amplifier with frequency and phase compensation
built into the chip. The internal phase compensation
allows stable operation as voltage follower in spite
of its high gain-bandwidth products.

The circuit presents very stable electrical characte-
ristics over the entire supply voltage range, and it S0-8J MINIDIP
particularly intended for professional and telecom (Plastic)
applications (active filters, etc).

PIN CONNECTIONS (top views)

Vg
J
T ouTPUT ouTPUT
outeut ouTRU A [ . o 1% 7 [ \ 8 ]+Vs
INV.INP OUTPUT  INVINP ouTPUT
A L7 d 8 A [2 ! ] 8
INVINE XNV;NP NON INV. ' INVINP  NON INV. INY. INP
A nea |3 6 ] B INP A 6 ] 8
5{NON INV. K 5[] NON INV. R NON INV
r»Jl(')qh;LNV, NPB Vs[ 4 N2 B Vs[ 4 S neB
Vs $-3586/1 e 5 3589
(case)
TO-99 Minidip SO-8
ORDER CODES
Type TO-99 Minidip S0-8
LS204 LS204TB — LS204M
LS204A LS204ATB - -
LS204C LS204CTB LS204CB LS204CM
January 1989 1/9
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LS204

SCHEMATIC DIAGRAM
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LS204

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter TO-99 rMinidip i uPackage
Vg Supply Voltage + 18V
Vi Input Voltage + Vs
Vi Differential Input Voltage (Vs — 1)
Top Operating Temperature for LS204 — 25 10 85°C
LS204A —55t0 125°C
LS204C 0 to 70°C
Piot Power Dissipation at Tamp = 70°C 520mwW 665mW 400mW
T; Junction Temperature 150°C 150°C 150°C
Tstg Storage Temperature — 65 to 150°C | — 55 to 150°C | — 55 to 150°C
THERMAL DATA
TO-99 Minidip SO-8J
Rithj-amb | Thermal Resistance Junction-ambient Max 155°C/W 120°C/W 200°C/W

ELECTRICAL CHARACTERISTICS (V, = + 15V, T,y = 25°C, unless otherwise specified)

Svmbol P T Conditi LS204/L.S204A LS204C Unit
ni
ymbo arameter est Conditions Min. | Typ. | Max.| Min. | Typ. | Max.
ls Supply Current 07 | 1.2 08 | 1.5 | mA
Iy Input Bias Current 50 | 150 100 | 300 nA
Tmin < Top < Tmax 300 700 nA
Ri Input Resistance f = 1KHz 1 0.5 MQ
Vos Input Offset Voltage Ry < 10KQ 05 25 0.5 3.5 mV
Ry < 10KQ 35 5 mv
Tmin < Top < Tmax
AVos Input Offset Voltage | Ry = 10KQ 5 5 pv/eC
AT Drift Tmin < Top < Tmax
los Input Offset Current 5 20 12 50 nA
Tmin < Top < Tmax 40 100 nA
Alos Input Offset Current | Tmin < Top < Tmax 0.08 0.1 nA
AT Drift °C
lse Output Short Circuit 23 23 mA
Current
Gy Large Signal Open Toin < Top < Tmax dB
Loop Voltage Gain RL = 2KQ Vg =+ 15V 90 | 100 86 | 100
Ve=t 4V 95 95
B Gain-bandwidth f = 20KHz 1.8 3 15 | 25 MHz
Product
en Total Input Noise f = 1KHz nv
Voltage Rg =50Q 8 15 10 Nl
Rg = 1KQ 10 12 VHe
Rg = 10KQ 18 20
L5y SGS-THOMSON 38
Y/ Hicko
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ELECTRICAL CHARACTERISTICS (continued)

Figure 2 : Supply Current vs. Ambient

Temperature.
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Figure 3 : Output Short Circuit Current vs.
Ambient Temperature.

6-3642/2

Isc | I
mA)
Vg = 212V
24 ‘\
!
20
N
N
16
12
-50 0 50 00 TamplC)

Symbol p T Cond LS204/LS204A LS204C Unit
iti ni
ymbo arameter est Conditions Min. | Typ. | Max. | Min. | Typ. | Max.
d Distortion v =20dB Ry =2KQ 0.03 | 0.1 0.03 | 01 %
Vo = 2Vpp  f=1KHZ
Vo DC Output Voltage RL = 2KQ Vg=+15V |+ 13 +13 v
Swing Vg =1 4V +3 +3
Vo Large Signal Voltage | RL = 10KQ 28 o8 v
Swing f = 10KHz PP
SR Slew Rate Unity Gain 08 | 15 1 Vius
RL =2KQ
CMR Common Mode Vi =10V 90 86 dB
Rejection Tmin < Top < Tmax
SVR Supply Voltage Vi =1V f = 100Hz 90 86 dB
Rejection Tmin < Top < Tmax
CS Channel Separation | f =1KHz 100 120 120 dB
Note : Figure 1: Supply Current vs. Supply Voltage.
G-3640
Temp. LS204 LS204A LS204C Is
(mA)
Tmin. - 25°C — 55°C 0°C
08
T max. + 85°C + 125°C + 70°C
07 —
/"——"—‘
06
05
0 24 +8 212 16 Vs(V)




LS204

Figure 4: Open Loop Frequency and Phase Figure 5: Open Loop Gain vs. Ambient
Response. Temperature.
G G-3648/1 N 6 G-3641
(dBv\ I ¢ v [
@8) Vg =£15V
100 200 -
R = 2kA R =2Kn
\ 105
80 160
ANVERN Gy
\
60 \C 120 100
~——) "
40 80 o5
N
20 N )
Q\ 90
0 NN
10 107 10°  10*  10°  10° f(H2) -50 0 50 100 Tamb(°C)
Figure 6 : Supply Voltage Rejection vs. Figure 7 : Large Signal Frequency Response.
Frequency.
- G-3695/1
SVR T Tev Vo
(dB) Vs=21 (Vpp)
Ri=2k0 |
‘VS \
100 = 24 {
] Vg=215V
= 20 S
60 Vs \ R =2KN
N Gy=20d" \
o N 16 d=3%
. AVAN . \
AN
8
w AN |
4
20 0
10 102 10° 10¢ 10° f(Hz) 10° 10° 10 f(Hz)
Figure 8 : Output Voltage Swing vs. Load Figure 9 : Total Input Noise vs. Frequency.
Resistance.
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APPLICATION INFORMATION
Active low-pass filter :

BUTTERWORTH

The Butterworth is a "maximally flat" amplitude res-

ponse filter. Butterworth filters are used for filtering

signals in data acquisition systems to prevent alia-

sing errors in sampled-data applications and for ge-

neral purpose low-pass filtering.

The cutoff frequency, fc, is the frequency at which

the amplitude response is down 3 dB. The attenua-

tion rate beyond the cutoff frequency is né dB per

octave of frequency where n is the order (number of

poles) of the filter.

Other characteristics :

» Flattest possible amplitude response.

» Excellent gain accuracy at low frequency end of
passband.

Figure 10 : Amplitude Response.

G-3646

Ay
(dB)

NS
-20 \k\\\ =2
AN
o W
n=8 \\ n\=l‘ L]
- \ \"T |
0. 05 1 3 flfe

BESSEL

The Besselis a type of "linear phase" filter. Because
of their linear phase characteristics, these filters ap-
proximate a constant time delay over a limited fre-
quency range. Bessel filters pass transient
waveforms with a minimum of distortion. They are
also used to provide time delays for low pass filte-
ring of modulated waveforms and as a "running ave-
rage" type filter.

-nmn
The maximum phase shift is o radians where n is

the order (number of poles) of the filter. The cutoff
frequency, fc, is defined as the frequency at which
the phase shift is one half of this value. For accurate
delay, the cutoff frequency should be twice the maxi-

6/9 Ly S6s-THOMSON

mum signal frequency. The following table can be
used to obtain the — 3dB frequency of the filter

2 poie|4 Poie|6 Poie|8 Poie
0.77 f, | 0.67 f¢ | 0.57 fc | 0.50 f¢

— 3dB Frequency

Other characteristics :

« Selectivity not as great as Chebyschev or Butter-
worth.

« Very little overshoot response to step inputs.

o Fast rise time.

Figure 11 : Amplitude Response.
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CHEBYSCHEV

Chebyschev filters have greater selectivity than
either Bessel or Butterworth at the expense of rip-
ple in the passband.

Figure 12 : Amplitude Response ( = 1dB ripple).
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APPLICATION INFORMATION (continued)

Chebyschev filters are normally designed with peak-
to-peak ripple values from 0.2 dBto 2 dB.

Increased ripple in the passband allows increased
attenuation above the cutoff frequency.

The cutoff frequency is defined as the frequency at
which the amplitude response passes through the

specified maximum ripple band and enters the stop
band.

Other characteristics :

« Greater selectivity

« Very nonlinear phase response

« High overshoot response to step inputs

The table below shows the typical overshoot and settling time response of the low pass filters to a step input.

Peak . . )
Number of | Overshoot Settling Time (% of final value)
Poles  fo, Overshoot| + 1% £0.1% | +0.01%
Butterworth 2 4 1.1/fcsec. 1.7/fcsec. 1.9/f.sec.
4 11 1.74¢ 2.8/f¢ 3.8/f¢
6 14 2.4/, 3.9/ 5.0/f¢
8 16 3.1/¢ 5.1/ 71/
Bessel 2 0.4 0.8/f¢ 1.4/ 1.7/¢
4 0.8 1.0/¢ 1.8/f¢ 2.4/f¢
6 0.6 1.3/f¢ 2.1/f¢ 2.7/
8 0.3 1.6/ 2.3/f¢ 3.2/f¢
Chebyschev (ripple + 0.25dB) 2 11 1.1/ 1.6/f¢ -
4 18 3.0/f¢ 5.4/t -
6 21 5.9/ 10.4/f¢ -
8 23 8.4/, 16.4/f -
Chebyschev (ripple + 1dB) 2 21 1.6/ 2.7/f¢ -
4 28 4.8/f¢ 8.4/f¢ -
6 32 8.2/f; 16.3/f¢ -
8 34 11.6/f¢ 24.8/f¢ -
Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp).
Figure 13 : Filter Configuration.
[TRE: $-3567/2
LI
. R
Vin 1 R2
O——( 11— OVout
) I
Vo _ 1 Where :
Vi 128 . igz oc= 2nfc with fc = cutoff frequency
@c & = damping factor.
7/9
‘_" SGS-THOMSON
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APPLICATION INFORMATION (continued)

Three parameters are needed to characterise the
frequency and phase response of a 2" order active
filter : the gain G1) the damping factor (&) or the
Q-factor (Q = (2 &) ), and the cutoff frequency (fc).

The higher order responses are obtained wit a se-
Table 1.

ries of 2 order sections. A simple RC section is in
troduced when an odd filter is required.

The choice of & (or Q-factor) determines the filter
response (see table).

Filter Response S Q Cutoff Frequency f.

Bessel Nen 1 Frequency at which Phase Shift is — 90°C
B 3

Butterworth e 1 Frequency at Which Gy =— 3dB
B 2"

Chebyschev oo 1 Frequency at which the amplitude response passes

<5 > = through specified max. ripple band and enters the stop
2 V2 band

Figure 14 : Filter Response vs. Damping Factor.

G-365011
(d8) 2N
J\—gl=0177
. A= 025
™N
§I= 035
iy -
0 =8 g=05
0707
-4
ﬁJ ; \
" \
" \
-16
-2
01 02 05 1 2 5 (titg)
EXAMPLE

Fixed R = R1 = R2, we have (see fig. 13)

ci= . &
R [OV6)
1 1

Co= —

2 R &C\)c

The diagram of fig.14 shows the amplitude re-
sponse for different values of damping factor & in

Figure 15 : 5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration.

Ry Ry

c-I' c,I
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APPLICATION INFORMATION (continued)

In the circuit of fig. 15, for fc = 3.4 KHz and
Ri = Ry = R2 = R3 = R4 =10 KQ, we obtain :

The same method, referring to Tab. Il and fig. 16, is
used to design high-pass filter. In this case the dam-

1 1 ping factor is found by taking the reciprocal of the
Ci=1.354 B o = 6.33nF numbers in Tab. Il. For fc =5 KHz and Ci = C1 = C2
¢ = Cs=Cs=1nF we obtain :
Ci=0421 - . —— _197nF R=— .1 1 _o35k0
R  2nfc 1354 C 2nfe '
11 L B
C2=1.753. R onh 8.20nF Ri 0421 C omf. " 75.6KQ
11 S N B I
Ca=0309 5 - 5o = 1.45nF Re=1753" ¢ om, - 18:2KQ
1 1 1
Rs= c = 5 =103KQ
Ca=3325. . 1 _{514nF 0309 C 2nfe
R 2nfc 1 1 1
The attenuation of the filter is 30 dB at 6.8 KHz and R4 = 33%6 C onf. = 9.6KQ
better than 60 dB at 15 KHz. ' ¢
Table 2 : Damping Factor for Low-pass Butterworth Filters.
Order Ci C; Ca Cs C4 C5 Cs Cr Csg
2 0.707 1.41
3 1.392 0.202 3.54
4 0.92 1.08 0.38 2.61
5 1.354 0.421 1.75 0.309 3.235
6 0.966 1.035 0.707 1.414 0.259 3.86
7 1.336 0.488 1.53 0.623 1.604 0.222 4.49
8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125
Figure 16 : 5t Order High-pass Filter (Butterworth) with Unity Gain Configuration.
R2 R4 S-4122
| — A=
Ci ' c1 Cc2 E
' 1 C3 Cé
o Ri[] | HH R1 = —O
' | R3
: |
| — : S
15t order Z"dorder an order
L5y SGS-THOMSON i
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HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS

= SINGLE OR SPLIT SUPPLY OPERATION
= VERY LOW POWER CONSUMPTION

= SHORT CIRCUIT PROTECTION

a LOW DISTORTION, LOW NOISE

= HIGH GAIN-BANDWIDTH PRODUCT

» HIGH CHANNEL SEPARATION

DESCRIPTION DIP14

The LS404 is a high performance quad operational (Plastic 0.25)
amplifier with frequency and phase compensation
builtinto the chip. The internal phase compensation
allows stable operation as voltage follower in spite
of its high gain-bandwidth product. The circuit pre-
sents very stable electrical characteristics over the
entire supply voltage range, and it is particularly in-
tended for professional and telecom applications
(active filters, etc.).

The patented input stage circuit allows small input
signal swings below the negative supply voltage and
prevents phase inversion when the input-is over dri-
ven.

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)

A\

OUTPUT A [ ) % ] OUTPUT D

INV.INP. A [ 2 13 ] INV.INR D

NON INV. INR A [.1 12] NON INV.INP D

Type DIP 14 S0-14 - [ ] s
LS404 — LS404D1

LS404C LS404CB LS404CD1 NON INV.INP. B [ 5 10 ] NON INV,INRC
LS 8404 - LS 8404M

LS8404C - LS 89404CM INV. INP. B [ 6 9 ] INV.INP.C

OUTPUT B L 7 8] oureutc

$-3901
January 1989 1/12
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SCHEMATIC DIAGRAM (one section)
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LS404

ABSOLUTE MAXIMUM RATINGS

Symbol " Parameter Value Unit
Vs Supply Voltage +18 \
Vi Input Voltage (positive) + Vs

(negative) -Vs—-05 \Y

Vi Differential Input Voltage + (Vg — 1)
Top Operating Temperature  LS404 —251to + 85 °C
LS404C 0to + 70 °C
Ptot Power Dissipation (Tamb = 70°C) 400 mW
Tstg Storage Temperature — 5510 + 150 °C
THERMAL DATA

DIP 14 SO0-14J

Rthj-amb | Thermal Resistance Junction-ambient Max 200°C/W 200°C/W

(*) Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm).

ELECTRICAL CHARACTERISTICS (Vs =+ 12 V, Ty, = 25 °C, unless otherwise specified)

Symbol P Test Conditi LS404 LS404C Unit

ymbol arameter est Conditions Min. | Typ. | Max. | Min. | Typ. | Max. ni
I Supply Current 1.3 2 1.5 3 mA
lp Input Bias Current 50 | 200 100 | 300 nA
Ri Input Resistance f=1KHz 0.7 | 25 0.5 5 MQ
Vos Input Offset Voltage Rg = 10 KQ 1 1 mV
AVog Input Offset Voltage Rg = 10 KQ 5 5 LV/eC
AT Drift Tmin < Top < Tmax
los Input Offset Current 10 40 20 80 nA
Alos Input Offset Current Tmin < Top < Tmax 0.08 0.1 nA
AT Drift °C
Isc Output Short Circuit 23 23 mA
Current
Gy Large Signal Open RL =2 KQ Vg =112V 90 | 100 86 | 100 dB
Loop Voltage Gain Vg =+ 4V 95 95
B Gain-bandwidth f =20 KHz 1.8 3 15 | 25 MHz
Product
en Total Input Noise f=1KHz
Voltage Rg =50 Q 8 15 10 nVv
Rg = 1KQ 10 12 JHz
Rg = 10 KQ 18 20
d Distortion Unity Gain
Rl =2 KQ f= 1KHz 0.01"| 0.04 0.01 %
Vo =2 Vpp f=20 KHz 0.03 0.03
Vo DC Output Voltage RL =2 KQ Vg=1+12V | +10 +10 v
Swing Vg =% 4V +3 +3
L3y SGS-THOMSON 12
Y/J vicroEECTROMCS
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ELECTRICAL CHARACTERISTICS (continued)

Svmbol T c LS404 LS404C Unit
iti ni
ymbo Parameter est Conditions Min. | Typ. | Max. | Min. | Typ. | Max.
Vo Large Signal Voltage | f =10 KHz RL =10 KQ 22 22 Vi
Swing R = 1KQ 20 20 P
SR Slew Rate Unity Gain 0.8 15 1 Vius
RL =2 KQ
CMR Common Mode Vi=10V 90 94 80 | 90 dB
Rejection
SVR Supply Voltage Vi=1V f =100 Hz 90 94 86 | 90 dB
Rejection
CS Channel Separation | f =1 KHz 100 | 120 120 dB
Figure 1: Supply Current vs. Supply Voltage. Figure 2 : Supply Current vs. Ambient
Temperature.
G-433111 G-4332/1
1g Is
(mAN- - (mA) Vg= £ 12V
16 R 2
14 . - 8 1.6 —
L—"] //
//’-—-h_"
12 1.2
T u - 0.8
1 !
| | \
0 t4 t8 +12 16 Vg (V) -50 0 50 100 Tamp(C)
Figure 3 : Output Short Circuit Current vs. Figure 4: Open Loop Frequency and Phase
Ambient Temperature. Response.
G-364212 G-3648/1
Isc
s T L]
Vg= £12V 200
JINITE
160
~N
20 120
B \\
. 80
40
12 -
-50 0 50 100 Tamp(°C) 10 102 10° 104 10°  10° f(Hz)
4/12
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Figure 5: Open Loop Gain vs. Ambient Figure 6 : Supply Voltage Rejection vs.
Temperature. Frequency.
G-3641 SVR G—3643
oy ] @8 Vg= 215V
@B)}- - Vg =215V ] v | T Rk
| R=2Kn 100 2
105 : e
_vs
8 \\
N
100
. NAN
\\
40 \
90 1 T
20
-50 0 50 100 Tamb(°C) 10 102 10° 10 10° t(H2)
Figure 7 : Large Signal Frequency Response. Figure 8 : Output Voltage Swing vs. Load
Resistance.
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4 ‘ b 7/
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O 2 3 4 ‘J 0 2 3
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Figure 9 : Total Input Noise vs. Frequency.
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APPLICATION INFORMATION

Active low-pass filter :

BUTTERWORTH

The Butterworth is a "maximally flat" amplitude res-

ponse filter. Butterworth filters are used for filtering

signals in data acquisition systems to prevent alia-

sing errors in sampled-data applications and for ge-

neral purpose low-pass filtering.

The cutoff frequency, f, is the frequency at which

the amplitude response in down 3 dB. The attenua-

tion rate beyond the cutoff frequency is - n6 dB per

octave of frequency where n s the order (number of

poles) of the filter.

Other characteristics :

» Flattest possible amplitude response.

¢ Excellent gain accuracy at low frequency end of
passband.

Figure 10 : Amplitude Response.
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BESSEL

The Besselis a type of "linear phase" filter. Because
of their linear phase characteristics, these filters ap-
proximate a constant time delay over a limited fre-
quency range. Bessel filters pass transient
waveforms with a minimum of distortion. They are
also used to provide time delays for low pass filte-
ring of modulated waveforms and as a "running ave-
rage" type filter.

The maximum phase shift is ;n} radians where

nis the order (number of poles) of the filter. The cut-
off frequency, fc, is defined as the frequency at which
the phase shift is one half to this value. For accurate
delay, the cutoff frequency should be twice the maxi-

enz L7 SGS-THOMSON

mum signal frequency. The following table can be
used to obtain the - 3 dB frequency of the filter.

2 pole|4 Pole|6 Pole|8 Pole
0.77 £ | 0.67 f¢ | 0.57 f | 0.50 fo

— 3dB Frequency

Other characteristics :

« Selectivity not as great as Chebyschev or Butter-
worth.

» Very small overshoot response to step inputs.

o Fastrise time.

Figure 11 : Amplitude Response.
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CHEBYSCHEV

Chebyschev filters have greater selectivity than ei-
ther Bessel or Butterworth at the expense of ripple
in the passband.

Figure 12 : Amplitude Response (+ 1 dB ripple).
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APPLICATION INFORMATION (continued)

Chebyschev filters are normally designed with peak-
to-peak ripple values from 0.2 dB to 2 dB.

Increased ripple in the passband allows increased
attenuation above the cutoff frequency.

The cutoff frequency is defined as the frequency at
which the amplitude response passes through the

specified maximum ripple band and enters the stop
band.

Other characteristics :

¢ Greater selectivity.

» Very nonlinear phase response.

 High overshoot response to step inputs.

The table below shows the typical overshoot and setting time response of the low pass filter to a step input.

Peak . . )
Number of | Overshoot Settling Time (% of final value)
Poles o, Overshoot| =+ 1% £ 0.1% +0.01%
Butterworth 2 4 1.1/f¢ sec. 1.7/f¢ sec. 1.9/f; sec.
4 11 1.7/ 2.8/f¢ 3.8/f¢
6 14 2.4/ 3.9/f¢ 5.0/f¢
8 16 3.1/ 5.1/¢ 74/
Bessel 2 0.4 0.8/fc 1.4/fc 1.7/fc
4 0.8 1.0/fc 1.8/fc 2.4/fc
6 0.6 1.3/fc 2.1/fc 2.7/fc
8 0.3 1.6/fc 2.3/fc 3.2/fc
Chebyschev (ripple + 0.25dB) 2 11 1.1/fc 1.6/fc -
4 18 3.0/fc 5.4/fc -
6 21 5.9/fc 10.4/fc -
8 23 8.4/fc 16.4/fc -
Chebyschev (ripple = 1dB) 2 21 1.6/fc 2.7/fc -
4 28 4.8/fc 8.4/fc -
6 32 8.2/fc 16.3/fc -
8 34 11.6/fc 24.8/fc -
Design of 2™ order active low pass filter (Sallen and Key configuration unity gain op-amp).
Figure 13 : Filter Configuration.
(o -3567,
[T $-3567/2
L1
Vin R R2
O—(""}—= CVout
) I
Vo _ 1 Where :
. 2 _ . _
Vi 1428 ~S 4 .,,S.é, wc= 2nfe with fc = cutoff frequency
e £ = damping factor.
L§7 SGS-THOMSON s
Y iicRom EeTRONIGE
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APPLICATION INFORMATION (continued)
Three parameters are needed to characterize the
frequency and phase response of a 2" order active
filter : the gain (Gy), the damping factor (&) or the Q-
factor (Q = (2 £)™"), and the cutoff frequency (fc).
The higher order responses are obtained with a se-

Table 1.

ries of 2" order sections. A simple RC sectionis in-
troduced when an odd filter is required.

The choice of ‘& (or Q-factor) determines the filter
response (see table).

Filter Response g Q Cutoff Frequency f¢
Bessel V3 1 Frequency at which Phase Shift is — 90°C
Butterworth {3 1 Frequency at which G, = - 3dB
2 V2
Chebyschev {2 1 Frequency at which the amplitude response passes
<o >J2 Lhar:;gh specified max. ripple band and enters the stop

Figure 14 : Filter Response vs. Damping Factor.

G - 3650/1
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EXAMPLE

Fixed R = R1 = Re, we have (see fig. 13)

_ <
C=Rr
1 1
Ce= R i(l)c

The diagram of fig.14 shows the amplitude re-
sponse for different values of damping factor & in 2™
order filters.

Figure 15 : 5" Order Low Pass Filter (Butterworth) with Unity Gain Configuration.
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APPLICATION INFORMATION (continued)

In the circuit of fig. 15, for fc = 3.4 KHz and
Ri= R1 =Rz =R3 = R4 =10 KQ, we obtain :

1

The same method, referring to Tab. Il and fig. 16, is
used to design high-pass filter. In this case the dam-
ping factor is found by taking the reciprocal of the

Ci=1.354 - R omf. = 6.33nF numbers in Tab. Il. Forfc =5 KHzand Ci=C1 = C2
¢ =Csz=Cs=1nF we obtain :
Ci=0421. + . 1 _q970nF R=- 1 1 _os5ka
R 2nife 1.354 C 2nfc ’
1 1 1 1 1
Co=1.753 - R . R =8.20 nF R4 =m . _C ‘2_Tﬁfc =75.6 KQ
C520309- & . 1 _1450nF Roz i . _482KQ
SEUER O e T 2=1753 C onfe T '
1 1 1
- L R3= - —= - o =103KQ
C4=3.325 R oo =15.14 nF 0.309 C 2rfe
The attenuation of the filter is 30 dB at 6.8 KHz and R4= LI B N 9.6 K2
better than 60 dB at 15 KHz. 3325 C 2nfe
Table Il : Damping Factor for Low-pass Butterworth Filters.
Order C; Cy C, Cs Cy Cs Cs Cy Cs
2 0.707 1.41
3 1.392 0.202 3.54
4 0.92 1.08 0.38 261
5 1.354 0.421 1.75 0.309 3.235
6 0.966 1.035 0.707 1.414 0.259 3.86
7 1.336 0.488 1.53 0.623 1.604 0.222 4.49
8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125
Figure 16 : 5" Order High-pass Filter (Butterworth) with Unity Gain Configuration.
‘ 4#.[_‘] _ S-4122
Ci o c l}—< c2 o
Ri|] | R1 l 03 o
gst order Z"dorder an order
L7 SGS-THOMSON 912
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APPLICATION INFORMATION (continued)
Figure 17 : Multiple Feedback 8-pole Bandpass Filter.

$-3893 11

fc=1.180Hz;A=1;C2o=C3=Cs5=Cp=Cg=Cg=C10=C11=23.300pF ;
R1=Rs=Ro=R12=160KQ ; Rs = Rg = R11 = R14=330 KQ ; R4 = R7 = R10 = R13 = 5.3 KQ

1012 L7 SGS-THOMSON
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Figure 18 : Frequency Response of Band-pass

Filter.
G-4220
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Figure 19 : Bandwidth of Band-pass Filter.
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Figure 20 : Six-pole 355 Hz Low-pass Filter (chebychev type).

10KN 10K QN

5-6224

This is a 6-pole Chebychev type with + 0.25 dB rip-
ple in the passband. A decoupling stage is used to
avoid the influence of the input impedance on the
filter's characteristics. The attenuation is about

55 dB at 710 Hz and reaches 80 dB at 1065 Hz. The
in band attenuation is limited in practice to the
+ 0.25 dB ripple and does not exceed 0.5 dB at
0.9 fc.

L7 SGS-THOMSON Hme
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Figure 21 : Subsonic Filter (Gy =0 dB).

10K A
f (H2) C (uF)
C C 15 0.68
Vi, O—||»<»1 22 0.47
v 30 0.33
22k OVout 55 0.22
100 0.1
$-6225
Figure 22 : High Cut Filter (Gv = G aB).
fo (KHz) C1 (nF) C2 (nF)
3 3.9 6.8
5 22 47
10 1.2 22
15 0.68 1.5

12/12
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SGS-THOMSON
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M114A
M114AF

DIGITAL SOUND GENERATOR

® INPUT CLOCK FREQ: 4MHz (M114A)
6MHz (M114AF)

B MAX EXTERNAL ADDRESSING MEMORY OF
256K

B 16 INDEPENDENT CHANNELS

® SOUND GENERATED BY READING TABLES
CODED IN DELTA CODING OR IN ABSOLUTE
VALUES

® 12 BITEQUIVALENT D/ACONVERTER RESOL-
UTION (delta coding)

& 8 DIFFERENT TABLE LENGTHS AND 8 READ-
ING MODES GIVING ATOTAL OF 58 DISTINCT
COMBINATIONS

® 16 DIFFERENT MIXABLE LAYERS BETWEEN
TWO SEPARATE TABLES

® MULTIPLE READING PERMITS INTERPOLA-
TION BETWEEN TWO ADJOINING SAMPLES
ON THE SAME TABLE

® 4 SELECTABLE ANALOG OUTPUTS

® 10 BIT INTERNAL ATTENUATOR WITH GRAD-
UAL AMPLITUDE VARIATION

® ROM ENABLE OUTPUT TO MINIMISE EXTER-
NAL MEMORY POWER CONSUMPTION

B POSSIBILITY OF SYNCHRONOUS AND ASYN-
CHRONOUS FREQUENCY-TABLE CHANGE
AT THE END OF THE READING TABLE

The M114A/AF is a 16 channel digital polyphonic,
politimbric sound generator, designed for electronic
musical instruments.

It is available in two versions, differing in the clock
speed: M114A (4MHz input clock frequency) and
M114AF (6MHz)

The M114A/AF must be driven by a microprocessor
and needs an external memory.

With this device it is possible to synthesize a large
range of sounds by simply transcribing the most
significant periods of the sound to be reproduced
into an external memory and programming a suit-
able reading sequence for these periods with the
use of a microprocessor.

The M114S/SF is realized on a single monolithic
silicon chip using low threshold N-channel silicon
gate MOS technology and is assembled in plastic
DIP 48.

May 1991

ORDERING NUMBERS: M114A1
M114AF (6MHz version)

PIN CONNECTION (Top view)

GND (digital) O 1 ~ 48 [0 EOT
EAR1 [0 2 47 ER B
ROM ADDR @ O 3 46 1 BUS STROBE
ROM ADDR 1 [ 4 45 0 BUS B
ROM ADDR 2 [} 5 44 1BUS 1
ROM ADDR 3 [ 6 43[1BUS 2
ROM ADDR 4 [ 7 s2P8uUs 3
ROM ADDR 5 O 8 41 BUS 4
eas [ s Bus s
Ea2 ] 18 39 [ ROM DATA 7
ROM ADDR 6 [] 11 38 [J ROM DATA 6
ROM ADDR 7 [ 12 37 1 ROM DATA 5
ROM ADDR 8 [] 13 36 [] ROM DATA 4
ROM ADDR 9 [] 14 35 [] ROM DATA 3
ROM ADDR 1@ O 15 34 [1 ROM DATA 2
ROM ADDR 11 [] 16 33 [J ROM DATA 1
ROM ADDR 12 O 17 32 [7 ROM DATA B
UDD (digital) O 18 31 [7 ROM ENABLE
cLock O 19 38 1 ANALOG OUT3
RESET [] 20 29 [1 ANALOG 0UT2
GND (analog) [ 21 28 1 ANALOG 0UT1
UDDA (analog) [] 22 27 O N.C.
UREF [ 23 26 [1 ANALOG OUT B
TAB1/TAB2 [] 24 25 0 +12v ouT
N911114AF-82

n7z
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vop Supply Voltage -03to+7 \
Vi Input Voltage —0.3to Voo \"
Vo Output Voltage —0.3to Voo \
Ptot Total Package Power Dissipation 1000 mwW
Tstg Storage Temperature —40 to + 150 °C
Top Operating Temperature Oto + 60 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only

and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Symbol Description Value Unit
Rih j-amb Thermal Resistance Junction Ambient max. 100 °C/W
Figure 1. Block Diagram
77" TIMING INPUT } DATA_LOAD
DAT%) 1
STROBE INPUT SHIFT REGISTER
DATA 6,
BUS
8 1 4 6 28 g
ADDRESS
0 FORCED TABLE
n TERMINATION
B 4
[PROGRAMM ABLE
COUNTERS RAM 1 CONTROL
AND MUX DECODER
OCTAVE “ - ¢ T6x38 E"u
DIVIDERS
4 1
[ ] 0 s |STANET
ENCODER
16 -
PRIORITY l _ EA_M_Z» | RAM 3
LOGIC 3 % 6% 38 16 16x21
2 TIO . 122 8 12
12
ENVELOPE ROM_ADDRESS
AMPL ITUDE GENERATOR
10,
8, ROM
ADDRESS
vy o Rom
ENABLE
INTERPOLATOR Din
2 10
VREFO— 8 8
SWITCH ATTENUATORH DAC | FMS‘E},’A‘.‘ER |
I I Juzv
———osvout
ANALOG
ouTPUTS Saesiz

217
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144

MICROELECTRONICS



M114A/M114AF

Figure 2: System Configuration

|

o | RESET anALOG —
ROM ouT ® ouT 1
DATAIN ) bATA |
ROM M114A/AF |
- ROM ANALOG il
EYBOARD & _ADD == ADD ouT 1 L+ ouT 2
CONTROLS s 13 ;
—
ﬁ U ROM EN T
P 0SC (%) cLock  TNALOG
- ouT 2 L » ouT 3
6
|i:{) DATA —
ST +—
12upy7 PNALOG
- LI orer OUT 3 L » oUT 4
(X) f0SC=4MHz (M114A) ‘ VoD
«6MHz (M114AF) )

M31M114RF-83

=

=

STATIC ELECTRICAL CHARACTERISTICS (Vop =5V +5 %, Tamb = 25 °C, VbD = VDDA )

Value i
Symbol Parameter Test Conditions Unit
Min. | Typ. [ Max.
INPUTS: RESET (pin 20), CLOCK (pin 19), ROM DATA (pins 32-39), DATA BUS (pins 40-45), DATA ST. (pin 46)
Vi Low Input Level 0.8 \
ViH High Input Level 2.2 \
I Input Leakage Current Vi = Vpp to GND +1 HA
DIGITAL OUTPUTS: (high impedance*): ROM-ADD (pins 3-8; 11-17), EA (pins 2, 9, 10, 47), ROM-EN. (pin 31), EOT
(pin 48), Tab1/Tab2 (pin 24)
VoL Low Output Level loL=1mA 0.4
Vou High Output Level lon = 100 pA 2.4 \
ANALOG OUTPUTS: (pins 26, 28, 29, 30), Vrer (pin 23)
Veer Voltage Reference Output lo=+1mA 2.4 25 2.6 \
lo Output Current Zero Attenuation +1 mA
(current generator) Max Input Code to the DAC
POWER DISSIPATION
Iop Supply Current Digital Vpp = 5.25V f=4MHz (M114A) 100 120 mA
Vpp =5.25V f=6MHz (M114AF) 100 130 mA
Ipba Supply Current Analog Vpa = 5.25V 5 10 mA
* High impedance means that, when the addresses are off, the digital output is connected with an internal resistive pull-up of 10k
(57 SGS-THOMSON 7
Y/ saicRoELECTROMICS
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M114A/M114AF

DYNAMIC ELECTRICAL CHARACTERISTICS (Vpp =5 V + 5 %, Tamb = 25 °C, Vbp = Vopa)

Value
Symbol Parameter Test Conditions M114S M114SF Unit
Min. | Typ. IMax. Min. | Typ. iMax.

CLOCK

tek Input Clock Frequency 4.000 6000 kHz

tr, 1t Rise and Fall Time 10 % to 90 % 20 15 ns

twH, twi High and Low Pulse Width 80 60 ns
RESET

twRES Pulse Width 10 6 ms

f Fall Time 10 % to 90 % 20 15| ns
DATA BUS

tw DATA Pulse Width 1250 830 ns

tset-up DATA | Set-up Time to Data Strobe 0 0 ns

thold DATA Hold Time from Data Strobe 1250 830 ns
DATA STROBE

twsT Pulse Width 1.5 128 | 1 85 | us

twrsT ;ulse Width for Internal 128 85 us

eset Generation

tr, Rise and Fall Times 40 20 us
ROM ENABLE

tLow 600 400 ns

tHIGH 350 220 ns

tset-up EN(*) | Set-up Time ROM-EN 70 55 ns

(") tsetup en. Time means that the data coming from ext. ROM must be stable at least 70ns before the rising edge of ROM enable.

PIN FUNCTIONS

PIN 1 - GND (Digital)
Digital ground is linked to this pin.

PIN 21 - GND (Analog)
Analog ground is linked to this pin.

PIN 3 - 8 and 11 - 177 ROM-ADD

13 PUSH-PULL type output pins for external mem-
ory address. When the output is off (doesn’t exist
an address) the output is connected to an internal
resistive pull-up of about 10KQ.

PINS 2,9, 10, 47 - EA
These four pins give in output the channel number
that is reading the external memory. When the
output is off (doesn’t exist an address) the output
is connected to an internal pull-up. With these 4
pins the memory is expanded up to 128 Kbyte (8
Kbyte/channel).

PiN 24 - TAB1/TAB2

It shows which one of the two tables (TAB1 or
417

"_l SGS-THOMSON

TAB2) is read. Pin 24 permits to double the memory
so reading 256 Kbyte addressing memory (top
configuration).

PIN 19 - CLOCK 4 MHz (M114A), 6 MHz (M114AF)
For correct functioning the duty cycle must be very
close to 50 %. Internal circuits are dynamic, so the
clock is continuously required to maintain internal
information.

PIN 20 - RESET

All channels are reset by rising this pin. The 13
external ROM address outputs together with the 4
sound outputs are placed in a high impedance
state.

PIN 22 - ANALOG POWER SUPPLY

The power supply for all analog parts, i.e. DAC,
attenuator, etc ...., are linked to this pin. It is there-
fore important that this power supply should be very
stable and well smoothed. The internal power sup-
ply chip separation allows a great improvement of
signal/noise ratio.

MICROELECTRONICS
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PIN 23 - VOLTAGE REFERENCE (VReF)

VREF is the average value of the DAC output. With
Vsupply = 5 V VREF is nominally 2.5 V but could
vary by chip to chip (£ 100mV). At the integrator
output the DC level can change when a channel
turns-on or turns-off. To minimize this drop it is
necessary to trim the value of VREF by TR trimmer
(fig. 3A, 3B). The solution of fig 3B is more efficient
than in fig.3A: in fact the behaviour is as better as
less is the seen impedance at the VREF pin.

Figure 3

DSG

ANALOG
1 ouT
23
UREF » | TR

22U
I a

DSG
23 - ANALOG
UREF L ouT
22u I
< 1.
——
b)

MI1M114AF -84

Figure 4: Memory Interface Timing

PINS 26, 28, 29, 30 - ANALOG OUT

These outputs are under current with an output
impedance of approximately 1 KQ and the filter, or
external integrator, must have a low input imped-
ance. This means that the voltage drop between
output pin and Vrer must be negligeable so as to
obtain a good signallinearity. Anintegrator is necess-
ary if the tables have been "DELTA" coded. If on the
other hand they have been coded in absolute values
then only a low pass filter is needed.

PINS 31 - ROM-ENABLE (Low active)

This is a PUSH-PULL-TYPE-OUTPUT and is used
to set the external memory in stand-by so as to
reduce consumption whenever it is not read.

PINS 32 - 39 - ROM-DATA
8 input pins for data from external memory.

PINS 40 - 45 - DATA-BUS

6 input pins for data from the microprocessor. 8 of
these data groups make up a complete piece of
information (48 bit).

PIN 46 - BUS STROBE

Asignal from the microprocessor must arrive at this
input in order to memorise the present code onto
the DATA-BUS. Memorization occurs on both
edges.

PIN 27 - N.C.

PIN 18 - DIGITAL POWER SUPPLY
The power supply for all digital parts, i.e. counters,
memories, etc ...., are linked to this pin.

PIN 48 - End of table

A low level pulse 4 clock cycles long, is output by
this pin every time the last byte of the first table is
read. The channel/number can be read from the EA
outputs (See Fig.4).

8 CLOCK PERIODS (SERVICE ROUTINE)
le K|

[

CLOCK

ROM ENABLE ———\—_/_\——/—_

y "l

NORMAL y \ HI-Z
ADDRESSES LLES )%( TAB2 ) """"
EXPANSION HI-Z § . \ HI-Z
ADDRESSES EA w um'.m )
HI-2 \ . -2
TAB1/TAB2 LR/ \ '."H; .....
EOT  ------ i
(%) LOW ONLY FOR THE LAST ) .
BYTE OF THE FIRST TABLE M91/M1114AF-81
(57 SGS-THOMSON Si7
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PIN 25 (+ 12 V out)

This pin is the output of an internal 5V/14V DC-DC
converter and it needs of an external filtering capa-
citance (min. 100 nF). The performance of DAC
and attenuator are very improved with an external
zener that clamps the voltage elevator output (see
fig. 5).

Figure 5
Mi14a/AF T
~58KQ T ;+1zu ouT
14V sapr-l-f 1eenF'|' £ 9~12y
I' (min)I OPTIONAL

MI1N114ARF -85

GENERAL DESCRIPTION

The M114A/AF is a device that allows digital sound
synthesis. The essential system needed consists of
a microprocessor, an M114A/AF and an external
memory with a maximum of 256 Kbytes . Sound
generation is based on cyclic reading of tables corre-
sponding to waveforms (periods) of the timbre to be
reproduced.

As the waveform and therefore also the spectrum
frequently change, a series of tables of form and
frequency appropriate to the sound are cyclically
scanned during sound reproduction.

The effect caused by the sudden passage from one
table to the next would be unpleasant unless there
is such a large number of tables to allow a smooth
unnoticeable change from one table to the follow-
ing.

A favourable compromise between number of ta-
bles and quality of sound, that has been im-
plemented in the M114A/AF is the following : a
limited number of tables which may even diverge
from one another are chosen during an initial phase
of analysis after which, during the reproduction
phase, always two tables are read simultaneously
by extracting a percentage of one and the remain-
ing percentage of the other. Therefore by starting
with 100 % of one and zero of the other and
successively increasing the second while decreas-
ing the first, a smooth passage is achieved. In the

6/17
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M114A/AF this passage is made up of a maximum
of 16 steps.

Thetables are stored in an external memory and may
be of eight different lengths ranging from 16 to 2048
bytes. The tables may be coded using waveform’s
absolute value or by the difference between adjoining
samples, that is, in a incremental manner (Delta
coding). The table samples must be in 8 bits format,
complement with 2. The Delta coding increases the
equivalent resolution. The typical resolution is 12 bit
with a sinusoidal wave coded in a 16-byte table.

OUTPUT RECONSTRUCTION

An external low pass filter (absolute value coding)
or an integrator (Delta coding) are sufficient to
reconstruct the original sound. The difference is
only the value of the feedback network. The Delta
coding allows easy interpolation. By simply reading
the same data n time and dividing the amplitude of
each reading by n, a ramp of n small steps is
obtained instead of a large single step. The value
of n may be 1, 2 or 4. When a waveform is coded
inthis way (Delta-Coding or incrementally), the sum
of the samples in an entire period must always be
equal to zero or there would be a DC offset which
could even saturate the external integrator.

MEMORY EXPANSION

With the 13 pins ROM-ADD is possible to address
8 Kbyte of memory. The 4 pins named EA permit
an expansion to 128 Kbyte, while with the pin
TAB1/TAB2 we have 256 Kbyte for the top configu-
ration . A decoding section for the address, pro-
grammable by microprocessor, can be arranged in
such a way to readdress each channel on any num-
ber, very great too, of 16 Kbytes memory blocks.

The frequency of the generated samples is a whole
multiple of the table lenght. In this way any problem
caused by intermodulation is eliminated but a noise due
to "collision" is produced. As there is a single output
circuit for all channels, (interpolar, D/A converter, attenu-
ator, ecc.), each time more than one channel requires
access to these circuits one, or more, other channel
must wait.

The amount of time necessary for the output circuit to
process each table, that is the period of time for which
each channel uses the circuit during each sample read-
ing cycle, is of 2 ps for the M114A (1.5 us for the
M114AF). The delay will therefore be proportional to the
number of channels operating simultaneously and to the
frequency thatthey are generating. Asthese parameters
casually vary, so will the delay thus producing a casual
alteration of the original waveform. (“collision noise")
Simulation has proved that under worst possible condi-
tions the signal/noise ratio due to this probiem is around
60 dB.
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The sound amplitude envelope has to be controlled
by the microprocessor which, at suitable intervals,
must forward the desired attenuation coefficient.
There are 64 possible attenuations each with steps
of approximately 0.75 dB ; These passage from one
level to another may be immediate or to gradual
increments of 1/256 of the maximum amplitude at
a frequency proportional to external table reading
frequency.

OPERATION

The M114A/AF receives from the uP a single pro-
gramming sequence at a time. This programming
sequence is made up of 48 bits. The uP must send
a 48 bit set for every M114A/AF active channel (16
independent channels). Each M114A/AF channel
continuously generates the same signal: it reads the
same table, with the same mixing coefficient, with the
same amplitude, ecc., until the microprocessor for-
wards a different programming sequence (variation
of one or more parameters characterising the sound
to be generated within a single channel). Timbre
amplitude evolution and any other slight frequency
changes must be handled in real-time by the micro-
processor.

Each channel reads two samples from two tables,
at the sampling frequency, sums them according to
the mixing coefficient and forwards the result to the
DAC whose suitably attenuated output goes to the
previously selected output pin (fig. 6).

This operation requires 2 us (1.5 us in the M114AF)
and as there is a single output circuit for all channels
it is certain that one or more channels will simulta-
neously request the use of the circuit. Thus a priority
order has been assigned to each channel.

This order is fixed: channel zero has greatest
priority followed in order by the others. When more

Figure 6
PAM CURRENT
PULSES
ANALOG _[I_E'Li”—_t-‘l.SUS (M114A)
ouT @ = 1us (M114AF)
ANALOG
ouT 1
TO INTEGRATOR
M114A/AF
ANALOG OR FILTER STAGES
—
ouT 2
ANALOG
—
ouT 3
MNI1N114AF -66

than one channel is simultaneously active at the
output pin there will be an overlap of impulses (the
impulse of the lower priority channel will be de-
layed) The example of Fig.7 shows an output signal
with 2 active channels, CH1 has greater priority
then CH2.

The signal will change from impulsive to continuous
by passing through:

— a low pass filter if the table have been coded
using absolutes values.

— an integrator if in delta coding

AMPLITUDE ENVELOPE GENERATOR

When the microprocessor programs one channel
with a new attenuation level, different from the
preceding one, this new level can be reached imme-
diately or by a smooth move (depends from the
setting of the amplitude control bit described else-
where). The M114A/AF envelope generatoronly con-
trols and changes the 8 MSB among the 10 bit of the
attenuation code. The gradual movement from the
present level to that just programmed takes place by
increasing or decreasing these 8 MSB of attenuation
with the same frequency with which the external
memory tables are being scanned if the difference in
level is greater than 128 steps, or with 1/2 of this
frequency if grater than 64 steps or 1/4 if greater than
32, or 1/8 if smaller than or equal to 32.

INPUT INTERFACE WITH THE MICROPROCESSOR

The M114A/AF has been designed to easily inter-
face with every microprocessor. The microproces-
sor interface has a 6-bit data bus and a single
control line, the DATA strobe. 48 bits subdivided into
8 groups of 6 bit each must be forwarded in order
to programme a single channel.

Figure 7

CHY __ﬁ ﬂ n n
CH2 'ﬂ' ﬂ

L7 SGS-THOMSON nr

MICROELECTRONICS

149



M114A/M114AF

A group of 6 bits is memorized on every data
STROBE switch front. As the data bus is read
approximately 250ns after strobe transition, the 6
data bits may be sent simultaneously with the
strobe. The whole set of 48 bit have to be entered
for any channel programming operation. The enter-
ing order is indicated in table A.

MEANING OF THE 48 PROGRAMMABLE BITS
IN THE PROGRAMMING SEQUENCE

Channel Address (4 bits)

These four bits indicate to which of the 16 M114A/AF
channel the remaining 44 bits will be forwarded.

Frequency Code (8 bits)

The 4 most significant bits cover 15 semitones
(HEX code from 0 to E) The graph of fig. 8 shows
the time lapse that must be assigned to these signal
for correct functioning. No more than 128 ps (85 in
the M114AF) must pass between one data Strobe
transition and the next during transmission of the 8
groups of data or else synchronisation is lost due to
the device internal automatic reset.

Figure 8 Microprocessor Interface Timing

There is no upper limit for the elapsed time between
two programming sequence, that is between the last
data strobe transition of a programming sequence
and the first data strobe transition of the next pro-
gramming sequence.

The remaining 4 bits provide eleven frequency vari-
ations of one tywelfth of semitone and four vari-
ations of £1/1000 and + 2/1000 of semitone. (+
0.05% accuracy). Vibrato, glissando, chorus effect
etc. can be easily implemented.

Table B and Table C show the 240 frequencies obtain-
able by setting the external clock to 4MHz (M114A) and
6MHz (M114AF) respectively with table lenght of 16
bytes, single reading and without inserting the octave
divisor. These are the highest octave frequencies pro-
vided by the device. In practice double, quadruple, etc...
frequencies may be obtained by writing 2, 4, etc. com-
plete waveform periods in the table.

Lower frequencies can be generated by programm-
ing higher table lengths and/or repeated reading
(see table E). The last 16 frequency codes are
intended for test purposes and for special useful
commands:

— forced-table-termination (FF hex code)
— frequency synchronization (F9, FA, FB, codes)

STROBE . : :
tset-up thold
DATA ' DATA '
tusT OEWST LOEUST & »tWST L tWST
h B g ) "NO MAX LIMIT: g
1191111145-68
87 (5 SGs-THOMSON
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Table A: Data Programming Order

N. PIN
34 35 36 37 38 39
BYTE
1 ATTENUATION
B Y A A A1 | Ao
, 4 OUTPUTS TABLE 1 ADDRESS TABLE 2 ADDRESS
" 1 ] 0 7 | 6 7 | 6
X TABLE 2 ADDRESS
i 5 | 4 I 3 | 2 [ 1 [ 0
. TABLE 1 ADDRESS
" 5 ] 4 I 2 [ 1 | 0
S TABLE LENGTH READING METHOD
" L [ u [ M2 M1 Mo
ENVELOPE | OCTAVE
6n INTERPOLATION ENDISAB | DIVISOR
3 | 2 | 1 | 0 0 0
, CHANNEL NUMBER FREQUENCY
" 3 [ 2 | 1 [ 0 1 [ 0
. FREQUENCY
" 7 | 6 | 5 | 4 3 [ 2

— previously selected frequency (FC code)
— ROMID (F8 code)

These commands are explained elsewhere in de-
tail.

Octave Divisor Bit (1bit)

This bit is used to pass from the octave to another
without changing the table length. If octave divisor
bit is set to 1 the programming frequency is divided
by two.

Attenuator (6 bits)

These bits define the attenuation superimposed on
all the signal samples produced by the selected
channel. The six binary code (0 to 63) is interpreted
as a dB value of attenuation (see table D). The
programmed six bit code is internally decoded into
a 10 bit linear value. After processing by a suitable
circuit in order to obtain a gradual amplitude vari-
ation, the attenuation data is sent to the internal
attenuator.

The only method to stop a running channel is to
program into it the maximum attenuation code (63
= 3F Hex). Code 62 = 3E Hex states for max
attenuation but it leaves the channel active.
Code 0 = 00 Hex states for no attenuation.

Amplitude Envelope Control Bit (1Bbit)

Enables/Disables an internal amplitude envelope
generator. When set to 0 it orders instant passage

from the present amplitude to that programmed. It
happens as soon as the current waveform table
scanning has finished.

If set to 1 the programmed attenuation value will be
reached smootly starting from the current attenuation
level. Again this smooth move takes place only after
the current waveform table scanning has finished. If
a FTT ( Forced-Table-Termination) command is used
then the attenuator update (either with the smooth
move or not) will begin immediately.

Analog Output Pin Selection (2 bits)

These two bits indicate to which of the 4 analog
output pins the corresponding channel signal must
be forwarded. More than one channel (even all 16
channels) can be routed to the same output pin.
The reconstructed analog signal will be the mix of
all the single component signal. The availability of
4 outputs allows to obtain stereophonic effect or to
separate channels used for accompanyment from
those or "solo" etc.

1A, Table Address (8 bits)

These bits determine the most significant part of
the starting address (13 bits) of the first waveform
table (Tab.1) in external ROM. The remaining bits
of the starting address are automatically set to
logical zero (except when the table length is set to
16 byte: in this case the fifth bit is set to one, while
the 4 LSB’s are set to zero). Depending on the

&1

SGS-THOMSON

917

MICROELECTRONICS

151



M114A/M114AF

selected table length, some of these bits can be
Don’t Care bits.

2A7, Table Address (8 bits)

Exactly as before, but referring to the second wave-
form table (Tab. 2)

Table Lenght And Reading Mode (6 bits)

These bits specify the length of the first waveform
table, the length ratio between the two waveform
tables, and their reading mode. Atotal of 58 distinct
combinations are available. See table E.

The three most significant bits characterize the table
lengths (from 16 samples up 2048 samples) while the
other three characterize the length ratio between
tables and the number of repeated readings.

Interpolation (4bits)

These bits define the interpolation coefficentbetween
the two values read from the two waveform tables.
This allows for the mixing of two programmed timbres
in any integer ratio from 16/0 to 1/15.

The operation carried out is the following :
D = (D1 * (K + 1)/16) + (D2 * (15 - K)/16) where :

D is the data at the input of the DAC (8 bits in
complement with 2)

D1 is the data read from the 1% table (8 bits in
complement with 2)

D2 is the data read from the 2" table (8 bits in
complement with 2)

K is a 4 bit interpolation coefficient (from 0 to 15)

Obviously only the first waveform will be output if
K = 15. The first table can only assume a minimum
percentage value of 1/16 of the max. value. To
obtain only the second table values the first and the
second table addresses must be exchanged. An-
other method to produce a sound with only one
table would be to specify the same address for both
the first and the second table programming par-
ameters, and giving what ever interpolation coeffi-
cent you want, so effectively interpolating a table
with itself.

F8 Hex: ROM-Identification

This command just sets the device frequency
counters to a very short counting modulo, useless
for musical purposes.

FC Hex: Previously Selected-Frequency
It is provided to ease writing the control program
software for the M114A/AF

FF Hex: Forced-Table-Termination

This command allows a suddenly move from one
table to another without waiting the end of the
present table scanning. It simulates an end-of-table
condition. A dedicated flip-flop is provided to ser-
vice all the 16 channels

# apending FTT command is serviced according to
the channel priority. (maximum delay of 32 ps at
4MHz clock). Note that each new programming
sequence resets the flip-flop indicating "pending
FFT", so to avoid losing the FTT command you
needtowaitatleastthat32us, (24 usinthe M114AF)
before issuing any new programming sequence after
the FTT command. However, on average, it should
be sufficient to wait only half that time.

# Using this command you can store a whole new
set of data (table addresses, table lenghts, reading
modes, attenuation level, interpolation, etc.) ex-
cept a new frequency value for that channel (nor
anew value for the octave control bit). All the sound
parameters of a channel can be changed without
waiting for the end of the current first waveform
table, if a normal programming sequence is issued
immediately before the FTT command.

The normal programming sequence must contain
the new frequency code + all other new sound
parameters.

# It is not possible to start a stopped channel with
this command, because it has no frequency infor-
mation within itself, so this command has an effect
onachannel only if that channelis already running.

# The FTT command is always performed on the
first table address.
IMPORTANT - DO NOT USE THE FTT COM-
MAND SPECIFYING A CHANNEL WHICH IS

LAST SIXTEEN FREQUENCY CODES: SPECIAL COMMANDS
Among the last 16 frequency codes there are six intended for special commands

Freq. Code Abbreviation Command Explanation
F8 Hex ROMID ROM lIdentification
F9 Hex RSG Set-Synchro-Global
FA Hex RSS Reverse-Synchro-Status (only for next programming operation)
FB Hex SSG Reset-Synchro-Global (as after a hardware reset)
FC Hex PSF Previously Selected Frequency
FF Hex FFT Forced-Table-Termination
L7 S5 mHomson
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ACTUALLY STOPPED !

it has no effect on that channel but, it takes its
effect on the NEXT normal command on a run-
ning channel

# Using the FTT command in Delta coding it is
impossible to maintain a zero mean value in the
reconstructed signal. Though only for a short time
a transient in the mean DC output level occurs,
because the currently scanned table is terminated
early at an unpredictable moment. This special
command is intended for percussive sounds, or
when working with waveform tables coded in ab-
solute (PCM) mode, or for special effects.

# This command can be useful to terminate instanta-
neously a sound: just program that channel with the
FTT command, specifying maximum attenuation
AND instantaneous variation of the attenuation.

ASYNCHRONOUS MODE

Normally the M114A/AF chipis working in asynchron-
ous mode (set up at reset). In this working mode the
programmed frequency becomes active immedi-
ately, without waiting for the running table to end while
the table addresses and all the other parameters are
changed only when the running table has been com-
pletely scanned (end of table condition).

This operative mode is useful for producing vibrato
effects on long tables, thanks to the fact that some
bytes of the previously programmed table will be
read at the newly programmed frequency rate.

‘SYNCHRONOUS MODE

It is possible to synchronize the frequency change
with the end of the first waveform table, so avoiding
to read a table in part with the old frequency and in
part with the new one.

This way-to-operate is useful in the reproduction of
deep vibrato on notes placed at the octave bound-
ary, for glide effects and in any case when it is
necessary to go beyond the octave boundary with-
out discontinuity (to avoid clicks).

The commands for synchronization are:

‘ﬂ SGS-THOMSON

SSG F9 Hex: SET-SYNCHRO-GLOBAL
Activates the global synchronous mode
(frequency change at the table end).

RSG FB Hex: RESET-SYNCHRO-GLOBAL
This command disables the global synchron-
ous mode.

RSS FA Hex: REVERSE-SYNCHRO-STATUS
This command inverts the synchronism state
only for the next programming sequence.

Everyone of these commands is accomplished by
sending a complete programming sequence with
F9/FA/FB frequency codes respectively.

They affect the whole working mode of the device
(all its channels). All the remaining bits are ig-
nored.

Note that RSS command can be obtained by send-
ing eight times the 6-bit data 111110.

WAVEFORM TABLES ADDRESS

In the programming sequence there are 8 + 8 bits
devoted to forming the addresses of the 1* and 2*
waveform tables from each of which a byte is read
into the chip to form a single output sample.

The basic address space for waveform tables is 8
Kbytes, as there are 13 address lines managed by
the chip. With external circuitry the address space
can be doubled. The 8 + 8 bits in the programming
sequence only define the starting addresses of the
two tables.

The M114A/AF forms addresses according to the
table lengths and the reading mode.

The principle is very simple: given a table length
the M114A/AF will automatically managed a corre-
sponding number of least significant bits to step
from all zero to allones in a binary sequence, while
the remaining most significant bits of the address
will be taken from the MSB’s of the eight bit code
programmed for that table.

In most cases some of eight programmed bits are
Don’t Care bits. The following examples can better
explain how the addresses are generated.

1117
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1° EXAMPLE

Suppose TAB 1 =32 bytes long, then the 5 LSB bits
will be managed by the M114A/AF while the re-
maining 13 — 5 = 8 MSB bits will be exactly those
programmed as the first table address.

Let be TAB1 (7:0) = 11111100 then the address
sequence is:

11111100
11111100

11111100

00000
00001

00010

(start address = 1F80 Hex)

11111100 11101
11111100 11110

11111100 11111 (table termination)

(last address = 1F9F Hex)
11111100 (start address = 1F80 Hex)
11111100

etc.

00000
00001

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles"
before skipping to the next address.

The same applies in making the second table address.

2° EXAMPLE

It TAB 1 = 16 bytes long, then the 4 LSB bits will be
managed by the M114A/AF, THE FIFTH BIT WILL
BE ALWAYS SET AT LOGIC ONE, while the re-
maining 13 — 5 = 8 MSB bits will be exactly those
programmed as the first table address.

Let be TAB1 (7:0) = 11001100 then the address
seqguence is:

11001100 1 0000
11001100 1 0001
11001100 10010

(start address = 1990 Hex)

11001100 1 1101

11001100 1 1110
11001100 1 1111 (table termination)

(last address = 199F Hex)
10011100 1 0000 (start address = 1990 Hex)
11001100 1 0001
etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles"
before skipping to the next address.

The same applies in making the second table address.

12/17
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3° EXAMPLE

If TAB 1 = 64 bytes long, then the 6 LSB bits will be
managed by the M114A/AF while the remaining 13
— 6 = 7 MSB bits will be exactly the 7 MSB bits of
the eight programmed as the first table address and
the LSB bits is discarded (it is a Don’t Care bit).

Let be TAB1 (7:0) = 1010110X then the address
sequence is:

1010110 000000 (start address = 1580 Hex)
1010110 000001
1010110 000010

1010110 111101
1010110 111110

1010110 111111 (table termination)

(last address = 15BF Hex)
1010110 000000 (start address = 1580 Hex)
1010110 000001
etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles"
before skipping to the next address.

The same applies in making the second table address.

4° EXAMPLE

If TAB 1 = 2048 bytes long, then the 11 LSB bits will
be managed by the M114A/AF while the remaining
13 — 11 = 2 MSB bits of the eight programmed as
the first table address and the other 6 LSB bits are
discarded (they are a Don’t Care bits).

Let be TAB1 (7:0) = 10XXXXXX then the address
sequence is:

10 00000000000 (start address = 1000 Hex)
10 00000000001

10 00000000010

10 11111111101
10 11111111110

10 11111111111 (table termination)

(last address = 17FF Hex)

10 00000000000 (start address = 1000 Hex)

10 00000000001

etc.
If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles”
before skipping to the next address.

The same applies in making the second table address.
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5° EXAMPLE

Choose the six bits of table length and read mode
as follow:

M (2:0) = 100 L (2:0) = 001
As you can see from TABLE E this corresponds to:

TAB1 = 32, each byte being read once
TAB2 = 16, each byte being read twice

Let be TAB1 (7:0) = 11100010 and TAB2 (7:0) =
00110011 then the address sequences for the two
tables are:

TAB 1 TAB 2
11100010 00000 (1C40 Hex) 00110011 1 0000 (0670 Hex) (start)
11100010 00001 00110011 1 0000
11100010 00010 00110011 1 0001
11100010 00011 00110011 1 0001
11100010 00100 00110011 1 0010
11100010 00101 00110011 1 0010
11100010 11100 00110011 1 1110
11100010 11101 00110011 1 1110
11100010 11110 00110011 1 1111
11100010 11111 (1C5F Hex) 00110011 1 1111 (067F Hex) (1 table termination)
11100010 00000 (1C40 Hex) 00110011 1 0000 (0670 Hex) (start)
11100010 00001 00110011 1 0000
11100010 00010 00110011 1 0001
11100010 00011 00110011 1 0001
etc.
SUMMARY

1) The waveform tables whose length is 16 (and
also in the special cases when they are 8 or 4
bytes long), must begin at memory location
multiple of 32 plus an offset of 16, i.e. the starting
address must satisfy the equation [16 + n.32]
withn=0,1,2,...

"_I' SGS-THOMSON

2) The Waveform tables whose lengths is 32, 64,...,
1024, 2048, (i.e. their lenghts 2" K with K = 5,
6..., 10, 11) must begin at memory locations
multiple of 2" K, that is, the starting address must
satisfy the equation [n. 2" K] with n=0, 1, 2, ...

13/17
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TABLE B - FREQUENCIES (fosc = 4MHz) M114A

Note Deviation | —6/12 -5/12 -4/12 -3/12 -212 -112 | —2/1000 | —1/1000
(hex) 0 1 2 3 4 5 6 7

C 0 1016.78 | 1021.45 | 1026.69 | 1031.46 | 1036.27 | 1041.67 | 1044.39 | 1045.48

C# 1 1077.01 1082.25 1087.55 1092.90 1098.30 1103.14 1106.81 1107.42
D 2 1140.90 1146.79 1152.07 1158.08 1163.47 1168.91 1172.33 1173.71

D# 3 1209.19 | 1215.07 | 1221.00 1226.99 1232.29 1238.39 1242.24 | 1243.78
E 4 1281.23 | 1287.00 1293.66 1299.55 1305.48 1312.34 1315.79 | 1317.52

F 5 1356.85 | 1363.33 1369.86 1376.46 1383.13 1389.85 1393.73 1395.67

F# 6 1437.81 1445.09 1451.38 1458.79 1466.28 1472.75 1478.20 1479.29

G 7 1523.23 | 1530.22 | 1538.46 | 1545.60 | 1552.80 | 1560.06 | 1564.95 | 1566.17

G# 8 1614.21 1622.06 1629.99 1638.00 1644.74 1652.89 1658.37 | 1659.75
A 9 1709.40 1781.21 172712 1734.61 1743.68 1751.31 1757.47 | 1759.01

A# A 1811.59 1819.84 1829.83 1838.24 1846.72 1855.29 1860.47 | 1862.20
B B 1919.39 1928.64 | 1937.98 1947.42 1956.95 1966.57 1972.39 1974.33

2C (o} 2032.52 | 2042.90 | 2053.39 | 2063.98 | 2072.54 | 2083.33 | 2087.68 | 2089.86
2C# D 215517 | 2164.50 | 2176.28 | 2185.79 | 2195.39 | 2207.51 2212.39 | 2214.84
2D E 2283.11 2293.58 | 2304.15 | 2314.81 232558 | 2339.18 | 2344.67 | 2347.42
F Testing Testing Testing Testing Testing Testing Testing Testing

Note Deviation 0 +1/1000 | +2/1000 +1/12 +212 +3/12 +4/12 +5/12

(hex) 8 9 A B Cc D E F

C 0 1046.57 | 1047.67 1048.77 1051.52 1056.52 1061.57 | 1066.67 1071.81

Ci# 1 1108.65 1109.88 1111.11 1114.21 1119.19 1124.86 1130.58 1135.72
D 2 1174.40 1175.78 1177.16 1180.64 1186.24 1191.90 1197.60 1203.37

D# 3 124456 | 1245.33 1246.88 1250.78 1256.28 1262.63 1269.04 1274.70

E 4 1318.39 1319.26 | 1321.00 1324.50 1331.56 1337.79 1344.09 1350.44

F 5 1396.65 1397.62 | 1398.60 1403.51 1410.44 1417.43 1424.50 1430.62

F# 6 1480.38 | 1481.48 | 1482.58 1486.99 1494.77 | 1501.50 1508.30 1516.30

G 7 1567.40 | 1568.63 | 1569.86 | 1576.04 | 1583.53 | 1591.09 | 1598.72 | 1606.43

G# 8 1661.13 | 1662.51 1663.89 1669.45 1677.85 1684.92 1693.48 1702.13
A 9 1760.56 1762.11 1763.89 1768.35 1777.78 1785.71 1793.72 1803.43

A# A 1863.93 | 1865.67 | 1867.41 1874.41 1883.24 | 1892.15 1901.14 1910.22
B B 1976.28 | 1978.24 | 1980.20 1984.13 1994.02 | 2004.01 2014.10 | 2024.29

2C C 2092.05 | 2094.24 | 2096.44 | 2103.05 | 2114.16 | 2123.14 | 2134.47 | 2143.62
2C# D 2217.29 | 2219.76 | 2222.22 | 222717 | 2239.64 | 2249.72 | 2259.89 | 2272.73
2D E 2350.18 | 2352.94 | 2355.71 | 2361.28 | 2372.48 | 2383.79 | 2395.21 | 2406.74
Previously Forced

F ROMID SSG RSS RSG Selected | Testing Testing Table

Frequency Terminat.

57 SEs:THomsoN

156




M114A/M114AF

TABLE C - FRQUENCIES (fosc = 5.99456 MHz) M114AF

Note |Deviation| -6/12 —-5/12 -4/12 -312 -2/12 -112 | —2/1000 | —1/1000
(hex) 0 1 2 3 4 5 6 7

G 0 1523.78 | 1523.79 | 1538.64 | 1545.79 | 1552.99 | 1561.08 | 1565.16 | 1566.80

G# 1 1614.04 | 1621.90 | 1629.84 | 1637.86 | 1645.95 | 1653.22 | 1658.71 | 1659.62
A 2 1709.80 1718.62 1726.54 | 173554 | 1743.62 | 1751.77 1758.91 1758.97

A#t 3 1812.14 | 1820.95 | 1829.84 | 1838.82 | 1846.75 | 1855.90 | 1861.66 | 1863.98
B 4 1920.10 | 1928.75 | 1938.73 | 1947.55 | 1956.45 | 1966.72 | 1971.89 | 1974.49

2C 5 2033.43 | 2043.14 | 2052.93 | 2062.82 | 2072.82 | 2082.89 | 2088.70 | 2091.61
2C# 6 2154.77 | 2165.66 | 2175.09 | 2186.20 | 2197.42 | 2207.13 | 2215.28 | 2216.92
2D 7 2282.77 | 2293.25 | 2305.60 | 2316.29 | 2327.08 | 2337.97 | 2345.29 | 2347.13
2D# 8 2419.11 | 2430.88 | 2442.77 | 2454.77 | 2464.87 | 2477.09 | 2485.31 | 2487.37
2E 9 2561.78 | 2574.98 | 2588.32 | 2599.55 | 2613.15 | 2624.59 | 2633.81 | 2636.13
2F A 2714.93 | 2727.28 | 274225 | 2754.85 | 2767.57 | 2780.41 2788.17 | 2790.76
2F# B 2876.47 | 2890.34 | 2904.34 | 2918.48 | 2932.76 | 2947.18 | 2955.90 | 2958.82
2G C 3046.02 | 3061.57 | 3077.29 | 3093.17 | 3105.99 | 3122.17 | 3128.68 | 3131.95
2G# D 3220.83 | 3243.81 | 3261.46 | 3275.72 | 3290.10 | 3308.26 | 3315.58 | 3319.25
2A E 3421.55 | 3437.25 | 3453.09 | 3469.07 | 3485.21 | 3505.59 | 3513.81 | 3517.93
F Testing Testing Testing Testing Testing Testing Testing Testing

Note | Deviation 0 +1/1000 | +2/1000 | +1/12 +2/12 +3/12 +4/12 +5/12

(hex) 8 9 A B C D E F

G 0 1568.44 | 1570.08 | 1571.73 | 1575.86 | 1583.35 | 1590.91 | 1598.55 | 1606.26

G# 1 1661.46 1663.31 1665.16 | 1669.79 | 1677.27 | 1685.76 1694.34 1702.03
A 2 1760.00 1762.07 1764.14 | 1769.35 | 1777.75 | 1786.22 1794.78 1803.42

A# 3 1865.14 1866.30 1868.63 | 1874.47 | 1882.71 1892.22 1901.83 1910.31

B 4 1975.79 1977.10 1979.71 | 1984.95 | 1995.53 | 2004.87 | 2014.30 | 2023.82

2C 5 2093.07 | 2094.54 | 2096.00 | 2103.35 | 2113.74 | 2124.22 | 2134.81 | 2143.98
2C# 6 2218.56 | 2220.21 2221.85 | 2228.46 | 2240.12 | 2250.21 2260.39 | 2272.39
2D 7 2348.97 | 2350.81 2352.65 | 2361.92 | 2373.14 | 2384.47 | 2395.91 2407.45
2D# 8 2489.44 | 2491.50 | 2493.58 | 2501.90 | 2514.50 | 2525.09 | 2537.92 | 2550.88
2E 9 2638.45 | 2640.78 | 2643.10 | 2650.11 | 2664.25 | 2676.14 | 2688.14 | 2702.69
2F A 2793.06 | 2795.97 | 2798.58 | 2809.07 | 2822.30 | 2835.65 | 2849.13 | 2862.73

2F# B 2061.74 | 2964.67 | 2967.60 | 2973.49 | 2988.31 | 3003.29 | 3018.41 | 3033.68
2G C 3135.23 | 3138.51 3141.80 | 3151.71 3168.37 | 3181.83 | 3198.80 | 3212.52
2G# D 3322.93 | 3326.61 | 3330.31 | 3337.73 | 3356.42 | 3371.52 | 3386.76 | 3406.00
2A E 3522.07 | 3526.21 | 3530.37 | 3538.70 | 3555.49 | 3572.44 | 3589.56 | 3606.84

F

Previously Forced

ROMID SSG RSS RSG Selected | Testing Testing Table

Frequency Terminat.
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TABLE D - ATTENUATION

N = six bit attenuation code decimal value (0:63)

V = internally decoded linear ten bit value (0:1023)
A = theoretical attenuation value in decibels
=20. Log ((V + 1)/1024)

N \") A

0 1023 0.00

1 939 0.74

2 863 1.48

3 791 2.23

4 727 2.96

5 667 3.71

6 611 4.47

7 559 5.24

8 515 5.95

9 471 6.73

10 431 7.50

11 395 8.25

12 363 8.98

13 335 9.68

14 307 10.43
15 283 11.14
16 259 11.91
17 235 12.75
18 215 13.52
19 199 14.19
20 183 14.91
21 166 15.75
22 152 16.51
23 140 17.22
24 128 17.99
25 117 18.77
26 107 19.54
27 98 20.29
28 90 21.03
29 83 21.72
30 76 22.48
31 69 23.30
63 0 STOP

37 S5S;THOMSON

158




M114A/M114AF

TABLE E - READING MODES

Mode Length Read N. Mode Length Read N.
M L T1 T2 T1 T2 M L T T2 T T2
000 000 16 16 | 2 2 100 000 16 8 | 1 2
000 001 32 2| 2 2 100 001 32 16 | 1 2
000 010 64 64 | 2 2 100 010 64 32 | 1 2
000 011 128 128 | 2 2 100 o1 | 128 64 | 1 2
000 100 | 256 256 | 2 2 100 100 | 256 128 | 1 2
000 101 | 512 512 | 2 2 100 101 | 512 256 | 1 2
000 110 | 1024 1024 | 2 2 100 110 | 1024 512 | 1 2
000 111 | 2048 1048 | 2 2 100 111 | 2048 1024 | 1 2
001 000 16 16| 1 1 101 000 16 16| 1 1
001 001 32 32 1 1 101 001 32 16$ 1 1
001 010 64 64 | 1 1 101 o010 64 16 | 1 1
001 011 128 128 | 1 1 101 ot | 128 2| 1 1
001 100 | 256 256 | 1 1 101 100 | 256 64 | 1 1
001 101 | 512 512 | 1 1 101 101 | 512 128 | 1 1
001 110 | 1024 1024 | 1 1 101 110 | 1024 256 | 1 1
001 111 | 2048 2048 | 1 1 101 111 | 2048 512 | 1 1
010 000 16 16 | 4 4 10 000 16 4 1 4
010 001 32 2| 4 4 110 001 32 8 | 1 4
010 010 64 64 | 4 4 10 o010 64 16 | 1 4
010 o1 128 128 | 4 4 o ot | 128 2| 1 4
010 100 | 256 256 | 4 4 10 100 | 256 64 | 1 4
010 101 | 512 512 | 4 4 0 101 | 512 128 | 1 4
010 110 | 1024 1024 | 4 4 10 110 | 1024 256 | 1 4
010 111 | 1024* 1024 | 4 4 10 111 | 2048 512 | 1 4
011 000 16 16| 1 1 11 000 16 16| 1 1
o1 001 32 2| 1 1 11 001 32 16| 1 1
o1 ofo 64 64 | 1 1 11 o010 64 16| 1 1
o1t o1 128 128 | 1 1 M1 o | 128 16 | 1 1
011 100 | 256 256 | 1 1 M1 100 | 256 32 | 1 1
o1 101 | 512 512 | 4 1 M1 101 | 512 64 | 1 1
011 110 | 1024 1024 | 1 1 M1 110 | 1024 128 | 1 1
o1 111 | 2048 2048 | 1 1 M1 111 | 2048 256 | 1 1

Ty
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MICROELECTRONICS

M114S
M114SF

DIGITAL SOUND GENERATOR

® INPUT CLOCK FREQ: 4MHz (M114S)
6MHz (M114SF)

® SOUND GENERATED BY READING TABLES
CODED IN DELTA CODING OR IN ABSOLUTE
VALUES SITUATED IN AN EXTERNAL MEM-
ORY OF 16 K MAX

= 16 INDEPENDENT CHANNELS

® 12 BIT EQUIVALENT D/A CONVERTER RESO-
LUTION (delta coding)

® 8 DIFFERENT TABLE LENGTHS AND 8 READ-
ING MODES GIVING ATOTAL OF 58 DISTINCT
COMBINATIONS

® 16 DIFFERENT MIXABLE LAYERS BETWEEN
TWO SEPARATE TABLES

® MULTIPLE READING PERMITS INTERPOLA-
TION BETWEEN TWO ADJOINING SAMPLES
ON THE SAME TABLE

B 4 SELECTABLE ANALOG OUTPUTS

m 10 BIT INTERNAL ATTENUATOR WITH GRAD-
UAL AMPLITUDE VARIATION

® ROM ENABLE OUTPUT TO MINIMISE EXTER-
NAL MEMORY POWER CONSUMPTION

B POSSIBILITY OF SYNCHRONOUS AND ASYN-
CHRONOUS FREQUENCY-TABLE CHANGE
AT THE END OF THE READING TABLE

The M114S/SF is a 16 channel digital polyphonic,
politimbric sound generator designed for electron-
ics musical instruments.

It is available in two versions, differing in the clock
speed: M114S (4MHz input clock frequency) and
M114SF (6MHz)

The M114S/SF must be driven by a microprocessor
and needs an external memory.

With this device it is possible to synthesize a large
range of sounds by simply transcribing the most
significant periods of the sound to be reproduced
into an external memory and programming a suit-
able reading sequence for these periods with the
use of a microprocessor.

The M114S/SF is realized on a single monolithic
silicon chip using low threshold N-channel silicon
gate MOS technology and is assembled in plastic
DIP 40.

May 1991

ORDERING NUMBERS: M114S1
M114SF (6MHz version)

PIN CONNECTION (Top wiew)

Cong ansieay g1 ~ a1 Bus sTROBE
ROM ADDR B8 [] 2 39 [0 BUS @
ROM ADDR 10 3 38 A BUS 1
ROM ADDR 2 [ 4 37 0 BUS 2
RoM ADDR 3 'S 36 [1 BUS 3
ROM ADDR 4 O] 6 35 [1BUS 4
ROM ADDR 5 O 7 asfsus s
ROM ADDR 6 O] 8 33 [1 RoM DATA 7
RoM ADDR 7 [ 9 32 [1 ROM DATA 6
ROM ADDR 8 O] 18 31 [1RoM DATA 5
ROM ADDR 9 [] 11 38 [J RoM DATA 4
RONM ADDR 18 [ 12 23 [1 ROM DATA 3
RoM ADDR 11 ] 13 28 [1 ROM DATA 2
ROM ADDR 12 [ 14 27 [ ROM DATA 1
DD (digital) O 15 26 [1 ROM DATA @
cLock o 16 25 [1 ROM ENABLE
REsET O] 17 24 [ ANALOG OUT 3
DDA (analog) O] 18 23 [ ANALOG OUT 2
uREF [ 19 22 [1 ANALOG OUT 1
+120 ouT O 20 21 [1 ANALOG OUT B8
HI1M1145-61

117

161



M114S/M114SF

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vbp Supply Voltage 0.3t0+7 \
Vi Input Voltage 0.3to Vpp \
Vo Output Voltage 0.3to Vpp \%
Prot Total Package Power Dissipation 1000 mwW
Tetg Storage Temperature —40 to + 150 °C
Top Operating Temperature 0to + 60 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions above those indicated in the oparetional sections of this specification
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

THERMAL DATA

Symbol Description Value Unit
Rth j-amb Thermal Resistance Junction Ambient max. 100 °C/W
Figure 1. Block Diagram
e 77W TIMING INPUT ll DATA_LOAD
DATA
STROBE INPUT SHIFT REGISTER
DATA 6,
BUS
8 1 4 6 28 il
ADDRESS
FORCED TABLE
" 10 TERMINATION
4
PR)GRAB}MABLE R 1
COUNTERS AM 1 I CONTROL
AND MUX DECODER
OCTAVE 16x38 LOGIC I
DIVIDERS
3
n ! CPTMNNEL
| ENCODER I 3 8 STATUS
16, -
PRIORITY l _ »RA_M_Z» | RAM 3
LoGIC 16 1 16 38 16x21
l ENVELOPE
AMPL ITUDE
10,
81
2 10
VREFO—
SWITCH ATTENUATOR]‘—[ DAC ] rMﬂ‘L’HP‘SER ]
i I 4+
-O+12vVOouT
i
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M114S/M114SF

Figure 2: System Configuration

R ﬁh
s | RE5ET anaLog
ROM ouT @ y
pATA RO >——> ouT 1
ROM M114S/SF { il
KEVBOARD & apD K ROM  ARELOSY | |
= ADD L ouT 2
CONTROLS s 13
R S
EN —
ANALOG
2P 0sc CLOCK  guT 2 J >——- ouT 3
6
|¢: pATA
sT Fﬁ
ANALOG H
r 12U0UT ouT 3 ¢ |+ ouT 4
teenr I UREF :
+50
@ R
= ——
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STATIC ELECTRICAL CHARACTERISTICS (Vop = 5V £5 %, Tamb = 25 °C, Vpp = Vppa analog)

Symbol Parameter Test Conditions Value Unit
Min. | Typ. | Max.
INPUTS: RESET (pin 17), CLOCK (pin 16), ROM DATA (pins 26-33), DATA BUS (pins 34-39), DATA ST. (pin 40)
Vi Low Input Level 0.8 \
Vi High Input Level ; 2.2 v
I Input Leakage Current Vi = Vpp to GND +1 HA
DIGITAL OUTPUTS: (high impedance*): ROM-ADD (pins 2-14) ROM-EN (pin 25)
VoL Low Output Level loL=1mA 0.4
Vo High Output Level lon = 100 uA 2.4 \
ANALOG OUTPUTS: (pins 21, 22, 23, 24), VRer (pin 19)
VREF Voltage Reference Output lo=+1mA 2.4 25 2.6 \
lo Output Current Zero Attenuation +1 mA
(current generator) Max Input Code to the DAC
POWER DISSIPATION
Ibp Supply Current Digital Vpp =5.25V f=4MHz (M114S) 100 120 mA
Vpp =5.25V f=6MHz (M114SF) 100 130 mA
Ippa Supply Current Analog Vppa = 5.25V 5 10 mA
* High impedance means that, when the addresses are off, the digital output is connected with an internal resistive pull-up of 10kQ
L57 SES.THOMSON
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DYNAMIC ELECTRICAL CHARACTERISTICS (Vbp =5 V + 5 %, Tamb = 25 °C, Vpp = VbDA)

Value
Symbol Parameter Test Conditions M114S M114SF Unit
Min. l Typ. ’ Max. | Min. | Typ. | Max.

CLOCK

tex Input Clock Frequency 4.000 6000 kHz

tr, 1 Rise and Fall Time 10 % to 90 % 20 15 | ns

twH, twi High and Low Pulse Width 0 60 ns
RESET

twRES Pulse Width 10 6 ms

t Fall Time 10 % to 90 % 20 15 | ns
DATA BUS

tw DATA Pulse Width 1250 830 ns

tset-up DATA |  Set-up Time to Data Strobe 0 0 ns

thold DATA Hold Time from Data Strobe 1250 830 ns
DATA STROBE

twsT Pulse Width 1.5 128 1 85 | us

85 :

1 tr Pulse and Fall Times 40 20 ns
ROM ENABLE (see fig. 3)

trow 600 400 ns

tHigH 350 220 ns

tsetup EN(Y) | Set-up Time ROM-EN 70 55 ns

(*) tsetup En. Time means that the data coming from ext. ROM must be stable at least 70ns before the rising edge of ROM enable.

Figure 3: Memory Read/Write Timing

8 CLOCK PERIODS

(SERVICE ROUTINE)

Sl
!

le
N

CLOCK

NORMAL
ADDRESSES

ROM ENABLE —\—/_\—/—

MI1IM1145-863
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PIN FUNCTIONS

PIN 1 - GND (Analog and Digital)

Analog ground and digital ground are both linked to
this pin.

PINS 21-24 - ANALOG OUTPUTS

These outputs are under current with an output
impedance of approximately 1 KQ and the filter or
external integrator must have a low input imped-
ance. This means that the voltage drop between
output pin and VRer must be negligeable so as to
obtain a good signal linearity. An integrator is nec-
essary if the tables have been "DELTA" coded. If on
the other hand they have been coded in absolute
values then only a low pass filter is needed.

PIN 19 - VOLTAGE REFERENCE OUTPUT (VReF)

VReF is the average value of the DAC output. With
Vsupply = 5 V VRer is nominally 2.5 V but could vary
by chip to chip (+ 100 mV). At the integrator output

Figure 4.

DSG

ANALOG
[ ouT
19
UREF » | TR

22U mm
I a)

DSG

19 ANALOG
UREF 1 ouT

22u éf

El o | TR

M91M1145-64

the DC level can change when channel turns-on or
turns-off. To minimize this drop it is necessary to trim
the value of Vrer by TR trimmer (fig. 4A, 4B). The
solution of fig 4B is more efficent than that in fig.4A:
in fact the behavoir is as better as less is the seen
impedance at the VRer pin.

PIN 18 - ANALOG POWER SUPPLY

The power supply for all analog parts, i.e. DAC,
attenuator, etc ...., are linked to this pin. It is there-
fore important that this power supply should be very
stable and well smoothed. The internal power sup-
ply chip separation allows a great improvement of
signal/noise ratio.

PIN 15 - DIGITAL POWER SUPPLY
The power supply for all digital parts, i.e. counters,
memories, efc ..., are linked to this pin.

PIN 17 - RESET

All channels are reset by rising this pin. The 13
external ROM address outputs together with the 4
sound outputs are placed in a high impedance state.

PIN 16 - CLOCK 4 MHz (M114S), 6 MHz (M114SF)
For correct functioning the duty cycle must be very
close to 50 %. Internal circuits are dynamic, so the
clock is continuously required to mantein internal
information.

PIN 20 (+ 12 V out)

This pin is the output of an internal voltage elevator
and it needs of an external filtering capacitance
(min. 100 nF). The performance of DAC and atten-
uator are very improved with an external zener that
clamps the voltage elevator output (see fig. 5).

PINS 2 & 14 - ROM-ADDRESS
13 PUSH-PULL type output pins for external mem-
ory address (8k Bytes).

PINS 25 - ROM-ENABLE (Low active)

This is a PUSH-PULL type output and is used to set
the external memory in stand-by so as to reduce
consumption whenever it is not read. It is possible
to double the addressable memory size (16 Kbyte
by connecting this pin to the MSB address line of
the external memory thru a Flip-Flop).

PINS 26 & 33 - ROM-DATA
8 input pins for data from external memory.

PINS 34-39 - DATA-BUS

6 input pins for data from the microprocessor. 8 of
these data groups make up a complete piece of
information (48 bit).

PIN 40 - DATA-BUS STROBE

A signal from the microprocessor must arrive at this
input in order to memorise the present code onto
the DATA-BUS. Memorization occurs on both
edges.

L3y SGs-THOMSON Si7
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Figure 5
M114s/5F
~56KQ *12U ouT
SBpF-L . 199nF'|' i g~12V
I (mln)I OPTIONAL
------------------- NI1M1145-85

GENERAL DESCRIPTION

The M114S/SF is a device that allows digital sound
synthesis. The essential system needed consists of
a microprocessor, an M114S/SF and an external
memory with a maximum of 8192 bytes (16Kbytes by
use of an external Flip-Flop - See fig.6). Sound gen-
eration is based on cyclic reading of tables corre-
sponding to waveforms (periods) of the timbre to be
reproduced.

As the waveform and therefore also the spectrum
frequently change, a series of tables of form and
frequency appropriate to the sound are cyclically
scanned during sound reproduction.

The effect caused by the sudden passage from one
table to the next would be unpleasant unless there
is such a large number of tables to allow a smooth
unnoticeable change from one table to the follow-
ing.

A favourable compromise between number of ta-
bles and quality of sound, that has been imple-
mented in the M114S/SF is the following : a limited
number of tables which may even diverge from one
another are chosen during an initial phase of anal-
ysis after which, during the reproduction phase,
always two tables are read simultaneously by ex-
tracting a percentage of one and the remaining
percentage of the other.

Therefore by starting with 100 % of one and zero of
the other and successively increasing the second
while decreasing the first, a smooth passage is
achieved. In the M114S/SF this passage is made
up of a maximum of 16 steps.

The tables are stored in an external memory and
may be of eight different lengths ranging from 16 to
2048 bytes. The tables may be coded using
waveform’s absolute value or by the difference be-

6/17
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tween adjoining samples, that is, in a incremental
manner (Delta coding). The table samples must be
in 8 bits format, complement with 2. The Delta
coding increases the equivalent resolution. The typ-
ical resolution is 12 bit with a sinusoidal wave coded
in a 16-byte table.

OUTPUT RECONSTRUCTION

An external low pass filter (absolute value coding) or
an integrator (Delta coding) are sufficient to recon-
struct the original sound. The difference is only the
value of the feedback network. The Delta coding
allows easy interpolation. By simply reading the same
data n time and dividing the amplitude of each reading
by n, a ramp of n small steps is obtained instead of a
large single step. The value of n may be 1, 2 or 4.

When a waveform is coded in this way (Delta-Cod-
ing or incrementally), the sum of the samples in an
entire period must always be equal to zero or there
would be a DC offset which could even saturate the
external integrator.

The frequency of the generated samples is a whole
multiple of the table lenght. In this way any problem
caused by intermodulation is eliminated but a noise
due to "collision" is produced. As there is a single
output circuit for all channels, (interpolar, D/A con-
verter, attenuator, ecc.), each time more than one
channel requires access to these circuits one, or
more, other channel must wait.

The amount of time necessary for the output circuit to
process each table, that is the period of time for which
each channel uses the circuit during each sample
reading cycle, is of 2 us for the M114S (1.5 us for the
M114SF). The delay will therefore be proportional to
the number of channels operating simultaneously and
to the frequency that they are generating. As these
parameters casually vary, so will the delay thus pro-
ducing a casual alteration of the original waveform.
("collision noise") Simulation has proved that under
worst possible conditions the signal/noise ratio due to
this problem is around 60 dB.

The sound amplitude envelope has to be controlled
by the microprocessor which, at suitable intervals,
must forward the desired attenuation coefficient.
There are 64 possible attenuations each with steps
of approximately 0.75 dB ; These passage from one
level to another may be immediate or to gradual
increments of 1/256 of the maximum amplitude at
a frequency proportional to external table reading
frequency.

MICROELECTRONICS
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Figure 6: The M114S/SF can handle up to 16Kbyte of memory with this application circuit
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OPERATION

The M114S/SF receives from the uP a single pro-
gramming sequence at a time. This programming
sequence is made up of 48 bits. The uP must send a
48 bit set for every M114S/SF active channel (16
independent channels). Each M114S/SF channel
continuously generates the same signal: it reads the
same table, with the same mixing coefficient, with the
same amplitude, ecc., until the microprocessor for-
wards a different programming sequence (variation of
one or more parameters characterising the sound to
be generated within a single channel). Timbre ampli-
tude evolution and any other slight frequency changes
must be handled in real-time by the microprocessor.

Each channel reads two samples from two tables,
at the sampling frequency, sums them according to
the mixing coefficient and forwards the result to the
DAC whose suitably attenuated output goes to the
previously selected output pin (fig. 7).

This operation requires 2 us (1.5 us in the M114SF)
and as there is a single output circuit for all channels
it is certain that one or more channels will simulta-
neously request the use of the circuit. Thus a priority
order has been assigned to each channel.

This order is fixed: channel zero has greatest priority
followed in order by the others. When more than one
channel is simultaneously active at the output pin
there will be an overlap of impulses (the impulse of
the lower priority channel will be delayed) The ex-
ample of Fig.8 shows an output signal with 2 active
channels, CH1 has greater priority then CH2:

Figure 7
PAM CURRENT
PULSES
ANALOG _ﬂﬁﬂﬁ;t-i.Sus (M114S)
—p
ouT B8 = 1us (M114SF)
ANALOG
ouT 1
TO INTEGRATOR
M114S/SF
~ ANALOG OR FILTER STAGES
—»
ouT 2
ANALOG
—>
ouT 3
N81N1145-67
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The signal will change from impulsive to continuous
by passing through:

— a low pass filter if the table have been coded
using absolutes values.

— an integrator if in delta coding

AMPLITUDE ENVELOPE GENERATOR

When the microprocessor programs one channel with
a new attenuation level, different from the preceding
one, this new level can be reached immediately or by
a smooth move (depends from the setting of the
amplitude control bit described elsewhere). The
M114S/SF envelope generator only controls and
changes the 8 MSB among the 10 bit of the attenua-
tion code. The gradual movement from the present
level to that just programmed takes place by increas-
ing or decreasing these 8 MSB of attenuation with the
same frequency with which the external memory
tables are being scanned if the difference in level is
greater than 128 steps, or with 1/2 of this frequency
if greater than 64 steps or 1/4 if greater than 32, or
1/8 if smaller than or equal to 32.

INPUT INTERFACE WITH THE MICROPROCESSOR

The M114S/SF has been designed to easily inter-
face with every microprocessor. The microproces-
sor interface has a 6-bit data bus and a single
control line, the DATA strobe. 48 bits subdivided into

Figure 9 Microprocessor Interface Timing

8 groups of 6 bit each must be forwarded in order
to programme a single channel.

A group of 6 bits is memorized on every data
STROBE switch front. As the data bus is read
approximately 250ns after strobe transition, the 6
data bits may be sent simultaneously with the
strobe. The whole set of 48 bit have to be entered
for any channel programming operation. The enter-
ing order is indicated in table A.

MEANING OF THE 48 PROGRAMMABLE BITS
IN THE PROGRAMMING SEQUENCE

Channel Address (4 bits)

These four bits indicate to which of the 16 M114S/SF
channel the remaining 44 bits will be forwarded.

Frequency Code (8 bits)

The 4 most significant bits cover 15 semitones (HEX
code from 0 to E) The graph of fig. 9 shows the time
lapse that must be assigned to these signal for
correct functioning. No more than 128 us (85 in the
M114SF) must pass between one data Strobe tran-
sition and the next during transmission of the 8
groups of data or else synchronization is lost due to
the device internal automatic reset.

There is no upper limit for the elapsed time between
two programming sequence, that is between the
last data strobe transition of a programming se-
quence and the first data strobe transition of the
next programming sequence.

STROBE , : :
tset-up : " thold !
DATA - ' DATA :
tusT . tWST L EWST JEWST & tusT
) B g - , *NO MAX LIMIT: g
ng1M114s-68
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DATA PROGRAMMING ORDER

N. PIN
BT 34 35 36 37 38 39
3 ATTENUATION
As | A | A2 A1 | A0
N 4 OUTPUTS TABLE 1 ADDRESS TABLE 2 ADDRESS
1 ] 0 7 | 6 7 I 6
., TABLE 2 ADDRESS
) 5 [ 4 | 3 | 2 | 1 | 0
TABLE 1 ADDRESS
o 5 | 4 [ 3 2 ] 1 | 0
5 TABLE LENGTH READING METHOD
L2 | L1 | Lo M2 M1 Mo
on INTERPOLATION ENDISAB. | DIViSOR
3 | 2 | 1 ] 0 0 0
. CHANNEL NUMBER FREQUENCY
3 [ 2 | 1 | 0 1 [ 0
FREQUENCY
B 7 [ 6 | 5 | 4 3 | 2

The remaining 4 bits provide eleven frequency vari-
ations of one tywelfth of semitone and four varia-
tions of £1/1000 and + 2/1000 of semitone. (+ 0.05%
accuracy). Vibrato, glissando, chorus effect etc. can
be easily implemented.

Table B and Table C show the 240 frequencies
obtainable by setting the external clock to 4MHz
(M114S) and 6MHz (M114SF) respectively with
table lenght of 16 bytes, single reading and without
inserting the octave divisor. These are the highest
octave frequencies provided by the device. In prac-
tice double, quadruple, etc... frequencies may be
obtained by writing 2, 4, etc. complete waveform
periods in the table.

Lower frequencies can be generated by program-
ming higher table lengths and/or repeated reading
(see table E). The last 16 frequency codes are
intended for test purposes and for special useful
commands:

— forced-table-terminaiton (FF hex code)

— frequency synchronization (F9, FA, FB, codes)
— previously selected frequency (FC code)

— ROMID (F8 code)

These commands are explained elsewhere in detail.
Octave Divisor Bit (1bit)

This bit is used to pass from the octave to another
without changing the table length. If octave divisor

&7
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bit is set to 1 the programming frequency is divided
by two.

Attenuator (6 bits)

These bits define the attenuation superimposed on
all the signal samples produced by the selected
channel. The six binary code (0 to 63) is interpreted
as a dB value of attenuation (see table D). The
programmed six bit code is internally decoded into
a 10 bit linear value. After processing by a suitable
circuit in order to obtain a gradual amplitude varia-
tion, the attenuation data is sent to the internal
attenuator.

The only method to stop a running channel is to
program into it the maximum attenuation code (63
= 3F Hex).

Code 62 = 3E Hex states for max attenuation but it
leaves the channel active.

Code 0 = 00 Hex states for no attenuation.

Amplitude Envelope Control Bit (1Bbit)

Enables/Disables an internal amplitude envelope
generator. When set to 0 it orders instant passage
from the present amplitude to that programmed. It
happens as soon as the current waveform table
scanning has finished.

If set to 1 the programmed attenuation value will be
reached smootly starting from the current attenua-
tion level. Again this smooth move takes place only

917
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after the current waveform table scanning has fin-
ished.

If a FTT ( Forced-Table-Termination) command is
used then the attenuator update (either with the
smooth move or not) will begin immediately.

Analog Output Pin Selection (2 bits)

These two bits indicate to which of the 4 analog
output pins the corresponding channel signal must
be forwarded. More than one channel (even all 16
channels) can be routed to the same output pin. The
reconstructed analog signal will be the mix of all the
single component signal. The availability of 4 out-
puts allows to obtain stereophonic effect or to sep-
arate channels used for accompanyment from
those or "solo" etc.

1A, Table Address (8 bits)

These bits determine the most significant part of the
starting address (13 bits) of the first waveform table
(Tab.1) in external ROM. The remaining bits of the
starting address are automatically set to logical zero
(except when the table length is set to 16 byte: in
this case the fifth bit is set to one, while the 4 LSB’s
are set to zero) depending on the selected table
length, some of these bits can be Don’t Care bits.

2/, Table Address (8 bits)

Exactly as before, but referring to the second wave-
form table (Tab. 2)

Table Lenght And Reading Mode (6 bits)

These bits specify the length of the first waveform
table, the length ratio between the two waveform
tables, and their reading mode. A total of 58 distinct
combinations are available. See table E.

The three most significant bits characterize the table
lengths (from 16 samples up 2048 samples) while the
other three characterize the length ratio between
tables and the number of repeated readings.

Interpolation (4bits)

These bits define the interpolation coefficent be-
tween the two values read from the two waveform

tables. This allows for the mixing of two pro-
grammed timbres in any integer ratio from 16/0 to
1/15.

The operation carried out is the following :
D =(D1*(K+1)/16) + (D2 * (15 - K)/16) where :

— D is the data at the input of the DAC (8 bits in
complement with 2)

D1 is the data read from the 1% table (8 bits in
complement with 2)

D2 is the data read from the 2™ table (8 bits in
complement with 2)

K'is a 4 bit interpolation coefficient (from 0 to 15)

Obviously only the first waveform will be output if
K = 15. The first table can only assume a minimum
percentage value of 1/16 of the max. value. To obtain
only the second table values the first and the second
table addresses must be exchanged. Another
method to produce a sound with only one table would
be to specify the same address for both the first and
the second table programming parameters, and giv-
ing what ever interpolation coefficent you want, so
effectively interpolating a table with itself.

F8 Hex: ROM-Identification

This command just sets the device frequency count-
ers to a very short counting modulo, useless for
musical purposes.

FC Hex: Previously Selected-Frequency
It is provided to ease writing the control program
software for the M114S/SF

FF Hex: Forced-Table-Termination

This command allows a suddenly move from one
table to another without waiting the end of the
present table scanning. It simulates an end-of-table
condition. Adedicated flip-flop is provided to service
all the 16 channels

# a pending FTT command is serviced according
to the channel priority. (maximum delay of 32 us
at4MHz clock). Note that each new programming
sequence resets the flip-flop indicating "pending
FFT", so to avoid losing the FTT command you

LAST SIXTEEN FREQUENCY CODES: SPECIAL COMMANDS
Among the last 16 frequency codes there are six intended for special commands

Freq. Code Abbreviation Command Explanation
F8 Hex ROMID ROM Identification
F9 Hex RSG Set-Synchro-Global
FA Hex RSS Reverse-Synchro-Status (only for next programming operation)
FB Hex SSG Reset-Synchro-Global (as after a hardware reset)
FC Hex PSF Previously Selected Frequency
FF Hex FFT Forced-Table-Termination
1017
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needtowaitatleastthat32 us, (24 usinthe M114SF)
before issuing any new programming sequence after
the FTT command. However, on average, it should
be sufficient to wait only half that time.

# Using this command you can store a whole new
set of data (table addresses, table lenghts, read-
ing modes, attenuation level, interpolation, etc.)
except a new frequency value for that channel
(nor a new value for the octave control bit). All the
sound parameters of a channel can be changed
without waiting for the end of the current first
waveform table, if a normal programming se-
quence is issued immediately before the FTT
command.

The normal programming sequence must contain
the new frequency code + all other new sound
parameter.

# Itis not possible to start a stopped channel with this
command, because it has no frequency informa-
tion within itself, so this command has an effect on
a channel only if that channel is already running.

# The FTT command is always performed on the
first table address.
IMPORTANT - DO NOT USE THE FTT COM-
MAND SPECIFYING A CHANNEL WHICH IS
ACTUALLY STOPPED !
it has no effect on that channel but, it takes its
effect on the NEXT normal command on a run-
ning channel

# Using the FTT command in Delta coding it is
impossible to maintain a zero mean value in the
reconstructed signal. Though only for a short time
a transient in the mean DC output level occurs,
because the currently scanned table is terminated
early at an unpredictable moment. This special
command is intended for percussive sounds, or
when working with waveform tables coded in ab-
solute (PCM) mode, or for special effects.

# This command can be useful to terminate instanta-
neously a sound: just program that channel with the
FTT command, specifying maximum attenuation
AND instantaneous variation of the attenuation.

ASYNCHRONOUS MODE

Normally the M114S/SF chip is working in asynchro-
nous mode (set up at reset). In this working mode the
programmed frequency becomes active immediately,
without waiting for the running table to end while the
table addresses and all the other parameters are
changed only when the running table has been com-
pletely scanned (end of table condition).

This operative mode is useful for producing vibrato
effects on long tables, thanks to the fact that some
bytes of the previously programmed table will be
read at the newly programmed frequency rate.

‘y_l SGS-THOMSON

SYNCHRONOUS MODE

It is possible to synchronize the frequency change
with the end of the first waveform table, so avoiding
to read a table in part with the old frequency and in
part with the new one.

This way-to-operate is useful in the reproduction of
deep vibrato on notes placed at the octave bound-
ary, for glide effects and in any case when it is
necessary to go beyond the octave boundary with-
out discontinuity (to avoid clicks).

The commands for synchronization are:

SSG F9 Hex: SET-SYNCHRO-GLOBAL
Activates the global synchronize mode
(frequency change at the table end.)

RSG FB Hex: RESET-SYNCHRO-GLOBAL
This command disables synchronous mode.

RSS FA Hex: REVERSE-SYNCHRO-STATUS
This command inverts the synchronism
state only for the next programming se-
quence.

Everyone of these commands is accomplished by
sending a complete programming sequence with
F9/FA/FB frequency codes respectively.

They affect the whole working mode of the device
(all its channels). All the remaining bits are ig-
nored.

Note that RSS command can be obtained by send-
ing eight times the 6-bit data 111110.

WAVEFORMS TABLES ADDRESS

In the programming sequence there are 8 + 8 bits
devoted to forming the addresses of the 1" and 2*
waveform tables from each of which a byte is read
into the chip to form a single output sample.

The basic address space for waveform tables is 8
Kbytes, as there are 13 address lines managed by
the chip. With external circuitry the address space
can be doubled. The 8 + 8 bits in the programming
sequence only define the starting addresses of the
two tables.

The M114S/SF forms addresses according to the
table lengths and the reading mode.

The principle is very simple: given a table length the
M114S/SF will automatically manage a correspond-
ing number of least significant bits to step from all
zero to all ones in a binary sequence, while the
remaining most significant bits of the address will
be taken from the MSB’s of the eight bit code
programmed for that table.

In most cases some of eight programmed bits are
Don't Care bits. The following examples can better
explain how the addresses are generated.

11117
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1° EXAMPLE

Suppose TAB 1 = 32 bytes long, then the 5 LSB bits
will be managed by the MS114S/SF while the re-
maining 13 — 5 = 8 MSB bits will be exactly those
programmed as the first table address.

Let be TAB1 (7:0) = 11111100 then the address
sequence is:

11111100 00000 (start address = 1F80 Hex)
11111100 00001
11111100 00010
11111100 11101
11111100 11110
11111100 11111 (table termination)

(last address = 1F9F Hex)
11111100 00000 (start address = 1F80 Hex)
11111100 00001
etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles”
before skipping to the next address.

The same applies in making the second table address.

2° EXAMPLE

If TAB 1 = 16 bytes long, then the 4 LSB bits will be
managed by the MS114S/SF, THE FIFTH BIT WILL
BE ALWAYS SET AT LOGIC ONE, while the remain-
ing 13 — 5 = 8 MSB bits will be exactly those
programmed as the first table address.

Let be TAB1 (7:0) = 11001100 then the address
sequence is:

3° EXAMPLE

If TAB 1 = 64 bytes long, then the 6 LSB bits will be
managed by the MS114S/SF while the remaining
13 — 6 = 7 MSB bits will be exactly the 7 MSB bits
of the eight programmed as the first table address
and the LSB bits is discarded (it is a Don’t Care bit).

Let be TAB1 (7:0) = 1010110X then the address
sequence is:

1010110 000000 (start address = 1580 Hex)
1010110 000001

1010110 000010

1010110 111101
1010110 111110

1010110 111111 (table termination)

(last address = 15BF Hex)
1010110 000000 (start address = 1580 Hex)
1010110 000001
etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles”
before skipping to the next address.

The same applies in making the second table address.

4° EXAMPLE

If TAB 1 = 2048 bytes long, then the 11 LSB bits will
be managed by the MS114S/SF while the remaining
13 — 11 = 2 MSB bits of the eight programmed as
the first table address and the other 6 LSB bits are
discarded (they are a Don’t Care bits).

Let be TAB1 (7:0) = 10XXXXXX then the address
sequence is:

11001100 1 0000
11001100 1 0001
11001100 1 0010

(start address = 1990 Hex)

11001100 1 1101
11001100 1 1110

11001100 1 1111 (table termination)

(last address = 199F Hex)
10011100 1 0000 (start address = 1990 Hex)
11001100 1 0001

etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles"
before skipping to the next address.

The same applies in making the second table address.

12/17
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10 00000000000
10 00000000001
10 00000000010

(start address = 1000 Hex)

10 11111111101
10 11111111110

10 11111111111 (table termination)

(last address = 17FF Hex)
10 00000000000 (start address = 1000 Hex)
10 00000000001

etc.

If the chosen read mode requires the first table be
read 2 or 4 times, then each address will be re-
peated along 2 or 4 consecutive "service cycles"
before skipping to the next address.

The same applies in making the second table address.
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5° EXAMPLE

Choose the six bits of table length and read mode

as follow:

M (2:0) = 100 L (2:0) = 001

TAB1 = 32, each byte being read once
TAB2 = 16, each byte being read twice

Let be TAB1 (7:0) = 11100010 and TAB2 (7:0) =
00110011 then the address sequences for the two

As you can see from TABLE E this corresponds to: ~ tables are:
TAB 1 TAB 2
11100010 00000 (1C40 Hex) 00110011 1 0000 (0670 Hex) (start)
11100010 00001 00110011 1 0000
11100010 00010 00110011 1 0001
11100010 00011 00110011 1 0001
11100010 00100 00110011 1 0010
11100010 00101 00110011 1 0010
11100010 11100 00110011 1 1110
11100010 11101 00110011 1 1110
11100010 11110 00110011 1 1111
11100010 11111 (1C5F Hex) 00110011 1 1111 (067F Hex) (1 table termination)
11100010 00000 (1C40 Hex) 00110011 1 0000 (0670 Hex) (start)
11100010 00001 00110011 1 0000
11100010 00010 00110011 1 0001
11100010 00011 00110011 1 0001
etc.
SUMMARY

1) The waveform tables whose length is 16 (and
also in the special cases when they are 8 or 4
bytes long), must begin at memory location mul-
tiple of 32 plus an offset of 16, i.e. the starting
address must satisfy the equation [16 + n.32] with

n=0,1,2,..

&1

SGS-THOMSON
MIGROELECTRONICS

2) The Waveform tables whose lengths is 32, 64,...,
1024, 2048, (i.e. their lenghts 2* Kwith K=5, 6...,
10, 11) must begin at memory locations multiple
of 27 K, that is, the starting address must satisfy
the equation [n. 2* K] with n=0, 1, 2, ...
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TABLE B - FREQUENCIES

Note Deviation| -6/12 -5/12 - 4/12 -3/12 -212 -1/12 —2/1000 | —1/1000
(hex) 0 1 2 3 4 5 6 7

C 0 1016.78 | 1021.45 | 1026.69 | 1031.46 | 1036.27 | 1041.67 | 1044.39 | 1045.48
C# 1 1077.01 | 108225 | 1087.55 | 1092.90 | 1098.30 | 1103.14 | 1106.81 1107.42

D 2 1140.90 | 1146.79 | 1152.07 | 1158.08 | 1163.47 | 1168.91 1172.33 | 1173.71
D# 3 1209.19 | 1215.07 | 1221.00 | 1226.99 | 123229 | 1238.39 | 1242.24 | 1243.78
E 4 1281.23 | 1287.00 | 1293.66 | 1299.55 | 1305.48 | 1312.34 | 131579 | 1317.52
F 5 1356.85 | 1363.33 | 1369.86 | 1376.46 | 1383.13 | 1389.85 | 1393.73 | 1395.67
F# 6 1437.81 | 1445.09 | 1451.38 | 1458.79 | 1466.28 | 1472.75 | 1478.20 | 1479.29
G 7 1523.23 | 1530.22 | 1538.46 | 1545.60 | 1552.80 | 1560.06 | 1564.95 | 1566.17
G# 8 1614.21 | 1622.06 | 1629.99 | 1638.00 | 1644.74 | 1652.89 | 1658.37 | 1659.75
A 9 1709.40 | 1781.21 | 172712 | 1734.61 1743.68 | 1751.31 1757.47 | 1759.01
A# A 1811.59 | 1819.84 | 1829.83 | 1838.24 | 1846.72 | 1855.29 | 1860.47 | 1862.20
B B 1919.39 | 1928.64 | 1937.98 | 1947.42 | 1956.95 | 1966.57 | 1972.39 | 1974.33
2C C 2032.52 | 2042.90 | 2053.39 | 2063.98 | 2072.54 | 2083.33 | 2087.68 | 2089.86
2C# D 2155.17 | 2164.50 | 2176.28 | 218579 | 219539 | 2207.51 | 2212.39 | 2214.84
2D E 2283.11 | 2293.58 | 2304.15 | 2314.81 | 232558 | 2339.18 | 2344.67 | 2347.42

F Testing Testing Testing Testing Testing Testing Testing Testing

Note Deviation 0 +1/1000 | + 2/1000 + 112 +2/12 +3/12 +4/12 +5/12

(hex) 8 9 A B C D E F

C 0 1046.57 | 1047.67 | 1048.77 | 1051.52 | 1056.52 | 1061.57 | 1066.67 | 1071.81
C# 1 1108.65 | 1109.88 1111.11 1114.21 1119.19 | 1124.86 | 1130.58 | 1135.72
D 2 117440 | 1175.78 | 1177.16 | 1180.64 | 1186.24 | 1191.90 | 1197.60 | 1203.37
D# 3 1244.56 | 1245.33 | 1246.88 | 1250.78 | 1256.28 | 1262.63 | 1269.04 | 1274.70
E 4 1318.39 | 1319.26 | 1321.00 | 1324.50 | 1331.56 | 1337.79 | 1344.09 | 1350.44
F 5 1396.65 | 1397.62 | 1398.60 | 1403.51 1410.44 | 1417.43 | 142450 | 1430.62
F# 6 1480.38 | 1481.48 | 148258 | 1486.99 | 1494.77 | 1501.50 | 1508.30 | 1516.30
G 7 1567.40 | 1568.63 | 1569.86 | 1576.04 | 1583.53 | 1591.09 | 1598.72 | 1606.43
G# 8 1661.13 | 1662.51 1663.89 | 1669.45 | 1677.85 | 1684.92 | 1693.48 | 1702.13
A 9 1760.56 | 1762.11 1763.89 | 1768.35 | 1777.78 | 1785.71 1793.72 | 1803.43
A# A 1863.93 | 1865.67 | 1867.41 1874.41 1883.24 | 1892.15 | 1901.14 | 1910.22
B B 1976.28 | 1978.24 | 1980.20 | 1984.13 | 1994.02 | 2004.01 | 2014.10 | 2024.29
2C C 2092.05 | 2094.24 | 2096.44 | 2103.05 | 2114.16 | 2123.14 | 2134.47 | 2143.62
2C# D 2217.29 | 2219.76 | 222222 | 222717 | 2239.64 | 2249.72 | 2250.89 | 2272.73
2D E 2350.18 | 2352.94 | 2355.71 | 2361.28 | 237248 | 2383.79 | 239521 | 2406.74
Previously Forced

F ROMID SSG RSS RSG Selected | Testing Testing Table
Frequency Terminat.
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TABLE C - FRQUENCIES (fosc = 5.99456 MHz)

&7

Note Deviation | -6/12 -5/12 -4/12 -3/12 -2/12 -1/12 | -2/1000 | —1/1000
(hex) 0 1 2 3 4 5 6 7

G 0 1523.78 | 1523.79 | 1538.64 | 1545.79 | 1552.99 | 1561.08 | 1565.16 | 1566.80
G# 1 1614.04 | 1621.90 | 1629.84 | 1637.86 | 1645.95 | 1653.22 | 1658.71 | 1659.62
A 2 1709.80 | 1718.62 | 1726.54 | 1735.54 | 1743.62 | 1751.77 | 1758.91 | 1758.97
A# 3 1812.14 | 1820.95 | 1829.84 | 1838.82 | 1846.75 | 1855.90 | 1861.66 | 1863.98
B 4 1920.10 | 1928.75 | 1938.73 | 1947.55 | 1956.45 | 1966.72 | 1971.89 | 1974.49
2C 5 2033.43 | 2043.14 | 2052.93 | 2062.82 | 2072.82 | 2082.89 | 2088.70 | 2091.61
2C# 6 2154.77 | 2165.66 | 2175.09 | 2186.20 | 2197.42 | 2207.13 | 2215.28 | 2216.92
2D 7 2282.77 | 2293.25 | 2305.60 | 2316.29 | 2327.08 | 2337.97 | 234529 | 2347.13
2D# 8 2419.11 | 2430.88 | 2442.77 | 2454.77 | 2464.87 | 2477.09 | 248531 | 2487.37
2E 9 2561.78 | 2574.98 | 2588.32 | 2599.55 | 2613.15 | 2624.59 | 2633.81 | 2636.13
2F A 2714.93 | 2727.28 | 274225 | 2754.85 | 2767.57 | 2780.41 | 2788.17 | 2790.76
2F# B 2876.47 | 2890.34 | 2904.34 | 2918.48 | 2932.76 | 2947.18 | 2955.90 | 2958.82
2G Cc 3046.02 | 3061.57 | 3077.29 | 3093.17 | 3105.99 | 3122.17 | 3128.68 | 3131.95
2G# D 3229.83 | 3243.81 | 3261.46 | 3275.72 | 3290.10 | 3308.26 | 3315.58 | 3319.25
2A E 3421.55 | 3437.25 | 3453.09 | 3469.07 | 348521 | 3505.59 | 3513.81 | 3517.93
F Testing Testing Testing Testing Testing Testing Testing Testing

Note Deviation 0 +1/1000 | +2/1000 | +1/12 +2/12 +3/12 +4/12 +5/12

(hex) 8 9 A B C D E F
G 0 1568.44 | 1570.08 | 1571.73 | 1575.86 | 1583.35 | 1590.91 | 1598.55 | 1606.26
G# 1 1661.46 | 1663.31 1665.16 | 1669.79 | 1677.27 | 1685.76 | 1694.34 | 1702.03
A 2 1760.00 | 1762.07 | 1764.14 | 1769.35 | 1777.75 | 1786.22 | 1794.78 | 1803.42
A# 3 1865.14 | 1866.30 | 1868.63 | 1874.47 | 1882.71 | 1892.22 | 1901.83 | 1910.31
B 4 1975.79 | 1977.10 | 1979.71 | 1984.95 | 1995.53 | 2004.87 | 2014.30 | 2023.82
2C 5 2093.07 | 2094.54 | 2096.00 | 2103.35 | 2113.74 | 212422 | 2134.81 | 2143.98
2C# 6 2218.56 | 2220.21 | 2221.85 | 2228.46 | 2240.12 | 2250.21 | 2260.39 | 2272.39
2D 7 2348.97 | 2350.81 | 2352.65 | 2361.92 | 2373.14 | 2384.47 | 239591 | 2407.45
2D# 8 2489.44 | 2491.50 | 2493.58 | 2501.90 | 2514.50 | 2525.09 | 2537.92 | 2550.88
2E 9 2638.45 | 2640.78 | 2643.10 | 2650.11 | 2664.25 | 2676.14 | 2688.14 | 2702.69
2F A 2793.06 | 2795.97 | 2798.58 | 2809.07 | 2822.30 | 2835.65 | 2849.13 | 2862.73
2F# B 2961.74 | 2964.67 | 2967.60 | 2973.49 | 2988.31 | 3003.29 | 3018.41 | 3033.68
2G C 3135.23 | 3138.51 | 3141.80 | 3151.71 | 3168.37 | 3181.83 | 3198.80 | 3212.52
2G# D 3322.93 | 3326.61 | 3330.31 | 3337.73 | 3356.42 | 3371.52 | 3386.76 | 3406.00
2A E 3522.07 | 3526.21 | 3530.37 | 3538.70 | 3555.49 | 3572.44 | 3589.56 | 3606.84
F

Previously Forced

ROMID SSG RSS RSG Selected | Testing Testing Table
Frequency Terminat.
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TABLE D - ATTENUATION

N = six bit attenuation code decimal value (0:63)

V = internally decoded linear ten bit value (0:1023)
A = theoretical attenuation value in decibels
=20. Log ((V + 1)/1024)

N \ A

0 1023 0.00
1 939 0.74
2 863 1.48
3 791 2.23
4 727 2.96
5 667 3.71
6 611 4.47
7 559 5.24
8 515 5.95
9 471 6.73
10 431 7.50
1 395 8.25
12 363 8.98
13 335 9.68
14 307 10.43
15 283 11.14
16 259 11.91
17 235 12.75
18 215 13.52
19 199 14.19
20 183 14.91
21 166 15.75
22 152 16.51
23 140 17.22
24 128 17.99
25 17 18.77
26 107 19.54
27 98 20.29
28 90 21.03
29 83 21.72
30 76 22.48
31 69 23.30
63 0 STOP
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TABLE E - READING MODES

Mode Length Read N. Mode Length Read N.

M L T1 T2 T1 T2 M L T T2 T T2
000 000 16 16 2 2 100 000 16 8 1 2
000 001 32 32 2 2 100 001 32 16 1 2
000 010 64 64 2 2 100 010 64 32 1 2
000 011 128 128 2 2 100 011 128 64 1 2
000 100 256 256 2 2 100 100 256 128 1 2
000 101 512 512 2 2 100 101 512 256 1 2
000 110 1024 1024 2 2 100 110 1024 512 1 2
000 111 2048 1048 2 2 100 111 2048 1024 1 2
001 000 16 16 1 1 101 000 16 16$ 1 1
001 001 32 32 1 1 101 001 32 16$ 1 1
001 010 64 64 1 1 101 010 64 16 1 1
001 011 128 128 1 1 101 011 128 32 1 1
001 100 256 256 1 1 101 100 256 64 1 1
001 101 512 512 1 1 101 101 512 128 1 1
001 110 1024 1024 1 1 101 110 1024 256 1 1
001 M 2048 2048 1 1 101 111 2048 512 1 1
010 000 16 16 4 4 110 000 16 1 4
010 001 32 32 4 4 110 001 32 8 1 4
010 010 64 64 4 4 110 010 64 16 1 4
010 011 128 128 4 4 110 011 128 32 1 4
010 100 256 256 4 4 110 100 256 64 1 4
010 101 512 512 4 4 110 101 512 128 1 4
010 110 1024 1024 4 4 110 110 1024 256 1 4
010 111 1024* 1024 4 4 110 111 2048 512 1 4
011 000 16 16$ 1 1 111 000 16 16$ 1 1
011 001 32 32 1 1 111 001 32 16$ 1 1
011 010 64 64 1 1 11 010 64 16$ 1 1
011 011 128 128 1 1 11 011 128 16 1 1
011 100 256 256 1 1 11 100 256 32 1 1
011 101 512 512 1 1 111 101 512 64 1 1
o1 110 1024 1024 1 1 111 110 1024 128 1 1
011 M1 2048 2048 1 1 111 111 2048 256 1 1

* REPETITIONS
$ EXCEPTIONS
Ky 3ETHOMSON -
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M3004AB1

REMOTE CONTROL TRANSMITTER

= FLASHED OR MODULATED TRANSMISSION

= 7 SUB-SYSTEM ADDRESSES

=UP TO 64 COMMANDS PER SUB-SYSTEM
ADDRESS

= HIGH-CURRENT REMOTE OUTPUT AT
Vb = 6V (- loH = 80mA)

=LOW NUMBER OF ADDITIONAL COMPO-
NENTS

= KEY RELEASE DETECTION BY TOGGLE
BITS

= VERY LOW STAND-BY CURRENT (< 2uA)

= OPERATIONAL CURRENT < 1mA AT 6V SUP-
PLY

= SUPPLY VOLTAGE RANGE 4 TO 11V

= CERAMIC RESONATOR CONTROLLED FRE-
QUENCY (typ. 450kHz)

DESCRIPTION

The M3004AB1 transmitter IC is designed for infrared
remote control systems. It has a total of 448 com-
mands which are divided into 7 sub-system groups
with 64 commands each. The sub-system code may
be selected by a press button, a slider switch or hard
wired.

The M3004AB1 generates the pattern for driving the
output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modulated.
The transmission mode is defined in conjunction with
the sub-system address. Modulated pulses allow re-
ceivers with narrow-band preamplifiers for improved
noise rejection to be used. Flashed pulses require a
wide-band preamplifier within the receiver.

March 1991

DIP20
(Plastic Package)

ORDER CODE : M3004AB1

PIN CONNECTIONS
Remo [ |1 ~ 20| | vdd
SEN6N [ |2 19| ] DpRveN
SENSN | |3 18|_] DRvsN
SEN4N | |4 171 | DRvan
SEN3N | |5 16 ] DRvan
SENaN | |6 15| ] pRvan
SENIN | |7 14] ] pRVIN
SENON | |g 13 | DRVON
ADRM [ |9 12| ] osco
Vee r 10 1|_] osct

91DSM3004AB1-01

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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BLOCK DIAGRAM
DRV OUTPUTS
SEN  ONINZN3N4NSNGN
INPUTS
ON o
INo—
2N°—  KEYBOARD PULSE REMO
3N o] SoAN DISTANCE (o
4No— MODULATOR OUTPUT
5N o—
6N o—
[ |
ADRM o—— = |
VDDo——  |ngCILLATOR CONTROL
VSSo— - LOGIC
OSClI 0SCO 91DSM3004AB1-02
INPUTS AND OUTPUTS format of REMO is modulated or if not connected,

Key matrix inputs and outputs (DRVON to
DRV6N and SENON to SEN6N).

The transmitter keyboard is arranged as a scanned
matrix. The matrix consists of 7 driver outputs and
7 sense inputs as shownin fig. 1. The driver outputs
DRVON to DRV6N are open drain N-channel tran-
sistors and they are conductive in the stand-by
mode. The 7 sense inputs (SENON to SEN6N)
enable the generation of 56 command codes. With
2 external diodes all 64 commands are address-
able. The sense inputs have P-channel pull-up
transistors so that they are HIGH until they are
pulled LOW by connecting them to an output via a
key depression to initiate a code transmission.

ADDRESS MODE INPUT (ADRM)

The sub-system address and the transmission
mode are defined by connecting tfie ADRM input
to one or more driver outputs (DRVON to DRVEN)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes. This allows the definition of seven
sub-system addresses as shown in table 3. If driver
DRV6N is connected to ADRM, the data output

2/8 .
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flashed.

The ADRM input has switched pull-up and pull-
down loads. In the stand-by mode only the pull-
down device is active. Whether ADRM is open
(sub-system address O, flashed mode) or con-
nected to the driver outputs, this inputis LOW and
will not cause unwanted dissipation. When the
transmitter becomes active by pressing a key, the
pull-down device is switched off and the pull-up
device is switched on, so that the applied driver
signals are sensed for the decoding of the sub-sys-
tem address and the mode of transmission.

The arrangement of the sub-system address cod-
ing is such that only the driver DRVNM with the
highest number (n) defines the sub-system ad-
dress, e.g. if drivers DRV2N and DRV4N are con-
nected to ADRM, only DRV4N will define the
sub-system address. This option can be used in
systems requiring more than one sub-system ad-
dress. The transmitter may be hard-wired for sub-
system address 2 by connecting DRV1N to ADRM.
If now DRV3N is added to ADRM by a key or a
switch, the transmitted sub-system address
changes to 4. A change of the sub-system address
will not start a transmision.
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REMOTE CONTROL SIGNAL OUTPUT (REMO)

The REMO signal output stage is a push-pull type.
In the HIGH state, a bipolar emitter-follower allows
a high output current. The timing of the data output
format is listed in tables 1 and 2. The information is
defined by the distance t between the leading
edges of the flashed pulses or the first edge of the
modulated pulses (see fig. 3). The format of the
output data is given in fig. 2 and 3. The data word
starts with two toggle bits T1 and TO, followed by
three bits for defining the sub-system address S2,
§1 and S0, and six bits F, E, D, C, B and A which
are defined by the selected key.

In the modulated transmission mode the first toggle
bit is replaced by a constant reference time bit
(REF). This can be used as a reference time for the
decoding sequence. The toggle bits function is an
indication for the decoder that the next instruction
has to be considered as a new command. The
codes for the sub-system address and the selected
key are given in tables 3 and 4.

The REMO output is protected against "Lock-up”,
i.e. the length of an output pulse is limited to < 1ms,
even if the oscillator stops during an output pulse.
This avoids the rapid discharge of the battery that
would otherwise be caused by the continuous ac-
tivation of the LED.

OSCILLATOR INPUT / OUTPUT (osci and
0sco)

The external components must be connected to
these pins when using an oscillator with a ceramic
resonator. The oscillator frequency may vary be-
tween 350kHz and 600kHz as defined by the res-
onator.

FUNCTIONAL DESCRIPTION

Keyboard operation.

In the stand-by mode all drivers (DRVON to
DRV6N) are on (low impedance to Vss). Whenever
a key is pressed, one or more of the sense inputs
(SENNnN) are tied to ground. This will start the
power-up sequence. First the oscillator is activated
and after the debounce time tpg (see fig. 4) the
output drivers (DRVON to DRV6N) become active
successively.

Within the first scan cycle the transmission mode,
the applied sub-system address and the selected

command code are sensed and loaded into an
internal data latch. :

In contrast to the command code, the sub-system
is sensed only within the first scan cycle. If the
applied sub-system address is changed while the
command key is pressed, the transmitted sub-sys-
tem address is not altered.

In a multiple key stroke sequence (see fig. 5) the
command code is always altered in accordance
with the sensed key.

MULTIPLE KEY-STROKE PROTECTION

The keyboard is protected against multiple key-
strokes. If more than one key is pressed at the
same time, the circuit will not generate a new
output at REMO (see fig. 5). In case of a multiple
key-stroke, the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special

structure of the keyboard matrix :

- The keys switching to ground (code numbers 7,
15, 23, 31, 39, 47, 55 and 63) and the keys
connected to SEN5N and SEN6N are not cov-
ered completely by the multiple key protection.
If one sense input is switched to ground, further
keys on the same sense line are ignored, i.e. the
command code corresponding to "key to
ground" is transmitted.

- SEN5N and SEN6N are not protected against
multiple keystroke on the same driver line, be-
cause this condition has been used for the defi-
nition of additional codes (code number 56 to
63).

OUTPUT SEQUENCE (data format)

The output operation will start when the selected
code is found. A burst of pulses, including the
latched address and command codes, is gener-
ated at the output REMO as long as a key is
pressed. The format of the output pulse train is
given in fig. 2 and 3. The operation is terminated
by releasing the key or if more than one key is
pressed at the same time. Once a sequence is
started, the transmitted data words will always be
completed after the key is released.

The toggle bits TO and T1 are incremented if the
key is released for a minimum time treL (see fig.
4). The toggle bits remain unchanged within a
multiple key-stroke sequence.

. 3/8
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Table 1 : Pulse Train Timing.

Mode To(ms) tp (us) tm (us) taw (us) tmn (us) tw (ms)
Flashed 2.53 8.8 - - - 121
Modulated 2.53 26.4 17.6 8.8 121

fosc 455kHz tosc = 2.2us
tp 4 x tosc Flashed Pulse Width
tm 12 X tosc Modulation Period
L 8 x tosc Modulation Period LOW
tMH 4 x tosc Modulation Period HIGH
To 1152 x tosc Basic Unit of Pulse Distance
tw 55296 X tosc Word Distance

Table 2 : Pulse Train Separation (tb).

Code to
Logic "0" 2xTo
Logic "1" 3xTo
Toggle Bit Time 2xToor3xTo
Reference Time 3xTo

Table 3 : Transmission Mode and Sub-system to one or more driver outputs (DRVON To DRVEN)

Adress Selection.

of the key matrix. If more than one driver is con-

The sub-system address and the transmission nected to ADRM, they must be decoupled by di-
mode are defined by connecting the ADRM input odes.

Mode Sub-system Adress Driver DRVnN for n =
# S2 S1 SO 0 1 2 3 4 5 6

F 0 1 1 1
L 1 0 0 0 (0]
A 2 0 0 1 X O
S 3 0 1 0 X X 0]
H 4 0 1 1 X X X (@]
E 5 1 0 0 X X X X 0]
D 6 1 0 1 X X X X X O
M
(@] 0 1 1 1 0]
D 1 0 0 0 O @]
u 2 0 0 1 X O O
L 3 0 1 0 X X (@] O
A 4 0 1 1 X X X (6] (0]
T 5 1 0 0 X X X X (0] (0]
E 6 1 0 1 X X X X X O (0]
D

o] = connected to ADRM

blank = not connected to ADRM

X =don’t care

4/8
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Table 4 : Key Codes.

Matrix Matrix Code Matrix
Drive Sense F E D c B A Position

DRVON SENON 0 0 0 0 0 0 0

DRV1IN SENON 0 0 0 0 0 1 1

DRV2N SENON 0 0 0 0 1 0 2

DRV3N SENON 0 0 0 0 1 1 3

DRV4N SENON 0 0 0 1 0 0 4

DRV5N SENON 0 0 0 1 0 1 5

DRV6N SENON 0 0 0 1 1 0 6

Vss SENON 0 0 0 1 1 1 7

Vss SEN1N 0 0 1 1 1 1 810 15

Vss SEN2N 0 1 0 1 1 1 16 to 23

Vss SEN3N 0 1 1 1 1 1 24 to 31

Vss SEN4N 1 0 0 1 1 1 32 to 39

Vss SEN5SN 1 0 1 1 1 1 40 to 47

Vss SEN6N 1 1 0 1 1 1 48 to 55

Vss SEN5N and SEN6N 1 1 1 1 1 1 56 to 63

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Voo Supply Voltage Range -0.3to+ 12 \Y%
V) Input Voltage Range -0.3to (Vpp + 0.3) \Y%
Vo Output Voltage Range -0.3to (Vpp + 0.3) Y
+1 D.C. Current into Any Input or Output Max. 10 mA
-1 (REMO) M | Peak REMO Output Current during 10us, Duty Factor = 1% Max. 300 mA
Prot Power Dissipation per Package for Ta = - 20 to + 70°C Max. 200 mwW
Tetg Storage Temperature Range -551t0 + 150 °C
Ta Operating Ambient Temperature Range -20to + 70 °C
ELECTRICAL CHARACTERISTICS
Vss = 0V, Ta = 25°C (unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Voo | Supply Voltage Ta=0to+70°C 4 12 \Y
Ipp Supply Current + Active fosc = 455kHz Vop = 6V 0.8 15 mA

REMO,Output unload Vpp = 9V 1.5 3 mA
« Inactive (stand-by mode) Vop = 6V 2 HA
Vpp =9V 2 uA
fosc Oscill. Frequency Vop = 4 to 11V (cer resonator) 350 600 kHz
KEYBOARD MATRIX - Inputs SEON to SEN6N
Vi Input Voltage Low Vpp =4 to 11V 02xVpp | V
VIH Input Voltage High Vob=4to 11V 0.8 x Vpp \
- Input Current Vobp =4V, Vi = 0V 25 250 A
Vpp = 11V, V| =0V 75 750 HA
I Input Leakage Current | Vpp = 11V, V= VDD 1 HA
KEYBOARD MATRIX - Outputs DRVON to DRV6N
VoL Output Voltage "ON" Vop = 4V, lo = 0.1mA 0.3 \%
Vpp = 11V, lo = TmA 05 v
lo Output Current "OFF" | Vpp = 11V, Vo = 11V 10 HA
5/8
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ELECTRICAL CHARACTERISTICS (continued)
Vss = 0V, Ta = 25°C (unless otherwise specified)

Symbol ‘ Parameter | Test Conditions Min. \Typ. } Maﬁ’Un—il
CONTROL INPUT ADRM
ViL Input Voltage Low 02xVop | V
Vi Input Voltage High 0.8 x Vpp \
I Input Current Low Pull-up Act. Oper. Condition, Vin = Vss
(switched P and N Vpp = 4V 25 250 uA
channel pull-up/pull down) Vpp = 11V 75 750 uA
IiH Input Current High Pull-down Act. Stand-by Cond.,Vin = Vbp
(switched P and N Vpp = 4V 25 250 uA
channel pull-up/pull down) Vpp = 11V 75 750 uA
DATA OUTPUT REMO
- loH Output Current High Vpp =6V, Vou = 3V 80 mA
Vpp =9V, Vou =6V 80 mA
loL Output Current Low Vpp = 6V, VoL = 0.2V 0.6 mA
Vpp =9V, VoL = 0.1V 0.6 mA
toH Pulse Length Vpp = 6V, Oscill. Stopped 1 mS
OSCILLATOR
I Input Current Vpp = 6V, OSC1 at Vop 0.8 2.7 uA
VoH Output Voltage high Vpp =8V, - loL = 0.1mA Vop-06 | V
VoL Output Voltage Low Voo = 6V, lon = 0.1TmA 0.6 \Y

Figure 1 : Typical Application.

Z Z 2 2Z Z 2 2
O — AN M = W ©
> = == = = =
| o o | @c| @c|. @
ol O a Ao o o o
1314 15 16 17 18 19 |,
DD
SENON 20
7 0 8
SEN1N Y
78 8 7 7
SEN2N_|
23 16, REMO
SEN3N
31 24 5 M3004AB1 1
SEN4N _|
39 32SENSN .
47 “OEneN |, Vs
55| 48 0

-
-
-

10
11 12
/' YV ADRM 0SCl 0SCO
63 56
|:; O 0O O O O D

INEREEEE
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M3004AB1

Figure 2 : Data Format of REMO Output; REF = Reference Time; TO and T1 = Toggle bits; S0, S1 and
S2 = System address; A, B, C, D, E and F = Command bits.
(a) flashed mode : transmission with 2 toggle bits and 3 address bits, followed by 6 com-
mand bits (pulses are flashed)
(b) modulated mode : transmission with reference time, 1 toggle bit and 3 address bits, fol-
lowed by 6 command bits (pulses are modulated).

a) | w
H
REMO
. LI
bit — T1 TO S2 S1 S0 F E D C B A T1
data — 0 1 0 1 0 1 0 0 1 0 0 0
b)
(. tw |
REMO M
L
bit — Ref TO S2 S1 S0 F E D C B A T1
data — 1 0 1 0 1 0 0 1 0 0 -0
91DSM3004AB1-04

Figure 3 : REMO Output Waveform
(a) flashed pulse
(b) modulated pulse { trw = (5 X tm) + tmH)}-

91DSM3004AB1-05
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Figure 4 : Single Key - Stroke Sequence.
Debounce time :topp=4t0 9 x To
Starttime :tst =5t0 10x To
Minimum release time : treL = To.
key bouncing \
losed / o ': . new key
. _
REV released —M m
. Ji
f !
01
DRVIN. 27 |
— tDB scan scan
" IW new word
REMO | Ii |
— — tstT
osco ! Bill4 'DSCILLATOR ACTIVE, /
91DSM3004AB1-06

Figure 5 : Multiple Key-Stroke Sequence.

Scan rate multiple key-stroke : tsm =8 to 10 x To.
key bouncing
/ key A decoded as HIGH
KEY A closed il key A decoded as LOW
released —
KEY B closed
- [
scan scan scan
off / v Va
DRVAN AT TLH_I—]ﬂ_ﬂMpLJ@__I—UL
tha— -t — t
DB - S E{B
1 ﬁ ST
REMO ’L*
tgr— l-— word key A word key A word key B
H
0sco Bl OSCILLATOR ACTIVE )
91DSM3004AB1-07
8/8 7 SGS-THOMSON
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M3004LAB1

REMOTE CONTROL TRANSMITTER

= FLASHED OR MODULATED TRANSMISSION

= 7 SUB-SYSTEM ADDRESSES

= UP TO 64 COMMANDS PER SUB-SYSTEM
ADDRESS

= HIGH-CURRENT REMOTE OUTPUT AT
Vpp = 6V (- loH = 80mA)

= LOW NUMBER OF ADDITIONAL COMPO-
NENTS

= KEY RELEASE DETECTION BY TOGGLE
BITS

= VERY LOW STAND-BY CURRENT (< 2uA)

= OPERATIONAL CURRENT < 1mA AT 6V SUP-
PLY

= SUPPLY VOLTAGE RANGE 2 TO 6.5V

= CERAMIC RESONATOR CONTROLLED FRE-
QUENCY (typ. 450kHz)

DESCRIPTION

The M3004LAB1 transmitter IC is designed for infra-
red remote control systems. It has a total of 448
commands which are divided into 7 sub-system
groups with 64 commands each. The sub-system
code may be selected by a press button, a slider
switch or hard wired.

The M3004LAB1 generates the pattern for driving the
output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modulated.
The transmission mode is defined in conjunction with
the sub-system address. Modulated pulses allow re-
ceivers with narrow-band preamplifiers for improved
noise rejection to be used. Flashed pulses require a
wide-band preamplifier within the receiver.

March 1991

DIP20
(Plastic Package)

ORDER CODE : M3004LAB1

91DSM3004LAB1-01

PIN CONNECTIONS
Remo | |1 ~ | | vdd
SENGN | |2 18] | prven
SENSN | |3 18] | pRrvsN
SENaN | |4 171 ] DRV4N
SENaN | |s 16| | DRV3N
SEN2N | |8 15] | DRv2N
SENIN [ |7 14| | oRVIN
SENON | |8 13| ] pRvon
ADRM | |9 12| | osco
Vee E 10 11 j 0OsC 1

1/8
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BLOCK DIAGRAM
DRV OUTPUTS
SEN  ONIN2N3N4N5NGN
INPUTS
ON o
INo—
2N°—  KEYBOARD PULSE REMO
3No— o DISTANCE |[—o
e MODULATOR OUTPUT
6N
ADRM o—— J ‘
VDD InsCILLATOR CONTROL
VSS o LOGIC
OSCI OSCO 91DSM3004LAB1-02
INPUTS AND OUTPUTS format of REMO is modulated or if not connected,

Key matrix inputs and outputs (DRVON to
DRV6N and SENON to SEN6N).

The transmitter keyboard is arranged as a scanned
matrix. The matrix consists of 7 driver outputs and
7 sense inputs as shownin fig. 1. The driver outputs
DRVON to DRV6N are open drain N-channel tran-
sistors and they are conductive in the stand-by
mode. The 7 sense inputs (SENON to SEN6N)
enable the generation of 56 command codes. With
2 external diodes all 64 commands are address-
able. The sense inputs have P-channel pull-up
transistors so that they are HIGH until they are
pulled LOW by connecting them to an output via a
key depression to initiate a code transmission.

ADDRESS MODE INPUT (ADRM)

The sub-system address and the transmission
mode are defined by connecting the ADRM input
to one or more driver outputs (DRVON to DRV6N)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes. This allows the definition of seven
sub-system addresses as shown in table 3. If driver
DRV6N is connected to ADRM, the data output

2/8 .
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flashed.

The ADRM input has switched pull-up and pull-
down loads. In the stand-by mode only the pull-
down device is active. Whether ADRM is open
(sub-system address 0, flashed mode) or con-
nected to the driver outputs, this input is LOW and
will not cause unwanted dissipation. When the
transmitter becomes active by pressing a key, the
pull-down device is switched off and the pull-up
device is switched on, so that the applied driver
signals are sensed for the decoding of the sub-sys-
tem address and the mode of transmission.

The arrangement of the sub-system address cod-
ing is such that only the driver DRVnM with the
highest number (n) defines the sub-system ad-
dress, e.g. if drivers DRV2N and DRV4N are con-
nected to ADRM, only DRV4N will define the
sub-system address. This option can be used in
systems requiring more than one sub-system ad-
dress. The transmitter may be hard-wired for sub-
system address 2 by connecting DRV1N to ADRM.
If now DRV3N is added to ADRM by a key or a
switch, the transmitted sub-system address
changes to 4. A change of the sub-system address
will not start a transmision.
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REMOTE CONTROL SIGNAL OUTPUT (REMO)

The REMO signal output stage is a push-pull type.
In the HIGH state, a bipolar emitter-follower allows
a high output current. The timing of the data output
format is listed in tables 1 and 2. The information is
defined by the distance tp between the leading
edges of the flashed pulses or the first edge of the
modulated pulses (see fig. 3). The format of the
output data is given in fig. 2 and 3. The data word
starts with two toggle bits T1 and TO, followed by
three bits for defining the sub-system address S2,
S1 and SO, and six bits F, E, D, C, B and A which
are defined by the selected key. )

In the modulated transmission mode the first toggle
bit is replaced by a constant reference time bit
(REF). This can be used as a reference time for the
decoding sequence. The toggle bits function is an
indication for the decoder that the next instruction
has to be considered as a new command. The
codes for the sub-system address and the selected
key are given in tables 3 and 4.

The REMO output is protected against "Lock-up",
i.e. the length of an output pulse is limited to < 1ms,
even if the oscillator stops during an output pulse.
This avoids the rapid discharge of the battery that
would otherwise be caused by the continuous ac-
tivation of the LED.

OSCILLATOR INPUT / OUTPUT (osci and
0SCO0)

The external components must be connected to
these pins when using an oscillator with a ceramic
resonator. The oscillator frequency may vary be-
tween 350kHz and 600kHz as defined by the res-
onator.

FUNCTIONAL DESCRIPTION

Keyboard operation.

In the stand-by mode all drivers (DRVON to
DRV6N) are on (low impedance to Vss). Whenever
a key is pressed, one or more of the sense inputs
(SENNN) are tied to ground. This will start the
power-up sequence. First the oscillator is activated
and after the debounce time tps (see fig. 4) the
output drivers (DRVON to DRV6N) become active
successively.

Within the first scan cycle the transmission mode,
the applied sub-system address and the selected

command code are sensed and loaded into an
internal data latch.

In contrast to the command code, the sub-system
is sensed only within the first scan cycle. If the
applied sub-system address is changed while the
command key is pressed, the transmitted sub-sys-
tem address is not altered.

In a multiple key stroke sequence (see fig. 5) the
command code is always altered in accordance
with the sensed key.

MULTIPLE KEY-STROKE PROTECTION

The keyboard is protected against multiple key-
strokes. If more than one key is pressed at the
same time, the circuit will not generate a new
output at REMO (see fig. 5). In case of a multiple
key-stroke, the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special

structure of the keyboard matrix :

- The keys switching to ground (code numbers 7,
15, 23, 31, 39, 47, 55 and 63) and the keys
connected to SEN5SN and SEN6N are not cov-
ered completely by the multiple key protection.
If one sense input is switched to ground, further
keys on the same sense line are ignored, i.e. the
command code corresponding to "key to
ground" is transmitted.

- SEN5N and SENG6N are not protected against
multiple keystroke on the same driver line, be-
cause this condition has been used for the defi-
nition of additional codes (code number 56 to
63).

OUTPUT SEQUENCE (data format)

The output operation will start when the selected
code is found. A burst of pulses, including the
latched address and command codes, is gener-
ated at the output REMO as long as a key is
pressed. The format of the output pulse train is
given in fig. 2 and 3. The operation is terminated
by releasing the key or if more than one key is
pressed at the same time. Once a sequence is
started, the transmitted data words will always be
completed after the key is released.

The toggle bits TO and T1 are incremented if the
key is released for a minimum time treL (see fig.
4). The toggle bits remain unchanged within a
multiple key-stroke sequence.

. 3/8
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Table 1 : Pulse Train Timing.

Mode To (ms) tp (us) tm (us) tm (us) tmH (uS) tw (ms)
Flashed 2.53 8.8 - - - 121
Modulated 2.53 - 26.4 17.6 8.8 121

fosc 455kHz tosc = 2.2us
tp 4 x tosc Flashed Pulse Width
tm 12 X tosc Modulation Period
v 8 x tosc Modulation Period LOW
MH 4 x tosc Modulation Period HIGH
To 1152 x tosc Basic Unit of Pulse Distance
tw 55296 x tosc Word Distance
Table 2 : Pulse Train Separation (ib).
Code to
Logic "0" 2xTo
Logic "1" 3xTo
Toggle Bit Time 2xToor3xTo
Reference Time 3xTo

Table 3 : Transmission Mode and Sub-system
Adress Selection.
The sub-system address and the transmission

to one or more driver outputs (DRVON To DRVEN)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-

mode are defined by connecting the ADRM input odes.
Mode Sub-system Adress Driver DRVnN forn =
# S2 S1 SO 0 1 2 3 4 5 6

F 0 1 1 1
L 1 0 0 0 e}
A 2 0 0 1 X (6]
S 3 0 1 0 X X o
H 4 0 1 1 X X X O
E 5 1 0 0 X X X X (6]
D 6 1 0 1 X X X X X (0]
M
O 0 1 1 1 e}
D 1 0 0 0 o} o}
U 2 0 0 1 X e} o}
L 3 0 1 0 X X e} e}
A 4 0 1 1 X X X (6] o
T 5 1 0 0 X X X X o} o}
E 6 1 0 1 X X X X X e} o}
D

@] = connected to ADRM

blank = not connected to ADRM

X =don't care

4/8 -
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Table 4 : Key Codes.

Matrix Matrix Code Matrix
Drive Sense F E D c B A Position

DRVON SENON 0 0 0 0 0 0 0

DRV1IN SENON 0 0 0 0 0 1 1

DRV2N SENON 0 0 0 0 1 0 2

DRV3N SENON 0 0 0 0 1 1 3

DRV4N SENON 0 0 0 1 0 0 4

DRV5N SENON 0 0 0 1 0 1 5

DRV6N SENON 0 0 0 1 1 0 6

Vss SENON 0 0 0 1 1 1 7

Vss SEN1TN 0 0 1 1 1 1 8to 15

Vss SEN2N 0 1 0 1 1 1 16 to 23

Vss SEN3N 0 1 1 1 1 1 24 to 31

Vss SEN4N 1 0 0 1 1 1 3210 39

Vss SEN5SN 1 0 1 1 1 1 40 to 47

Vss SENG6N 1 1 0 1 1 1 48 to 55

Vss SEN5N and SEN6N 1 1 1 1 1 1 56 to 63

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
\ Supply Voltage Range -03to+7 \
\ Input Voltage Range -0.3to (Vpp + 0.3) \%
Vo Output Voltage Range - 0.3to (Vpp + 0.3) \
| D.C. Current into Any Input or Output Max. 10 mA
- 1 (REMO) M | Peak REMO Output Current during 10us, Duty Factor = 1% Max. 300 mA
Piot Power Dissipation per Package for Ta = - 20 to + 70°C Max. 200 mw
Tstg Storage Temperature Range -55t0 + 125 °C
Ta Operating Ambient Temperature Range -20to + 70 °C
ELECTRICAL CHARACTERISTICS
Vss = 0V, Ta = 25°C (unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vop | Supply Voltage Ta=0to + 70°C 2 6.5 \
Iop Supply Current « Active fosc = 455kHz Vpp =3V 0.25 0.5 mA

REMO,Output unload Vop = 6V 1.0 2 mA
« Inactive (stand-by mode) Vop = 6V 2 uHA
fosc | Oscill. Frequency Vbp = 2 to 6.5V (cer resonator) 350 600 kHz
KEYBOARD MATRIX - Inputs SEON to SEN6N
Vi Input Voltage Low Vbp =210 6.5V 03xVop | V
ViH Input Voltage High Vpp =210 6.5V 0.7 x Vpp \
-0 Input Current Vpp =2V, V=0V 10 100 uA
Vpp = 6.5V, V| =0V 100 600 A
I Input Leakage Current | Vpp = 6.5V, V| = Vpp 1 uA
KEYBOARD MATRIX - Outputs DRVON to DRV6N
Vo Output Voltage "ON" | Vpp =2V, lo = 0.1mA 0.3 \Y
Vpp = 6.5V, lo = TmA 0.6 \%
lo Output Current "OFF" | Vpp = 6.5V, Vo = 11V 10 HA
(37 SGS-THOMSON 58
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ELECTRICAL CHARACTERISTICS (continued)
Vss = 0V, Ta = 25°C (unless otherwise specified)

‘ Symbol | Parameter Test Conditions Min. | Typ. I Max. | Unit ’
CONTROL INPUT ADRM
Vi Input Voltage Low 03xVpp | V
Vin Input Voltage High 0.7 x Vpbp \
I Input Current Low Pull-up Act. Oper. Condition, Vin = Vss
(switched P and N Vpp =2V 10 100 A
channel pull-up/pull down) Vpp = 6.5V 100 600 pA
IH Input Current High Pull-down Act. Stand-by Cond.,Vin = Vpbp
(switched P and N Vpp = 2V 10 100 uA
channel pull-up/pull down) Vpp = 6.5V 100 600 HA
DATA OUTPUT REMO
-lon | Output Current High Vb =2V, Vou = 0.8V 60 mA
Voo = 6.5V, Vou = 5V 80 mA
lou Output Current Low Vpp = 2V, VoL = 0.4V 0.6 mA
Vpp = 6.5V, VoL = 0.4V 0.6 mA
toH Pulse Length Vop = 6.5V, Oscill. Stopped 1 mS
OSCILLATOR
I Input Current Vpp = 2V 5 A
Vpp = 6.5V, OSC1 at Vpp 5 7 LA
Von | Output Voltage high Vpp = 6.5V, - loL = 0.1mA Vpp - 0.8 \
Vor Output Voltage Low Vop = 6.5V, lon = 0.1mA 0.7 \
Figure 1 : Typical Application.
Zl 2 Z 2 Z Z 2
O | N O & 0O ©
SRR
o oc| 0o oC) o) |
o o o o o o0
13 14 15 16 17 18 19 Vi
SENON 20 -LB
7 0 8
SEN1N >
15 8 7 -~
SEN2N
23 16 6 REMO
Enan_ |, M3004LAB1 4
3 25EN4N 4 l
39 32SENSN 3
41 “BEnsN 5 10 Vss
5
9 48 9 11 12
Y YADRM OScl OSCO
6. 56
6 6 o o D
7 7
- T T : T T : I I 91DSM3004LAB1-03
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M3004LAB1

Figure 2 : Data Format of REMO Output; REF = Reference Time; TO and T1 = Toggle bits; S0, S1 and
S2 = System address; A, B, C, D, E and F = Command bits.
(a) flashed mode : transmission with 2 toggle bits and 3 address bits, followed by 6 com-
mand bits (pulses are flashed)
(b) modulated mode : transmission with reference time, 1 toggle bit and 3 address bits, fol-
lowed by 6 command bits (pulses are modulated).

a) l w
H
REMO
. LI
bit — T T0 S2 S1 SO F E D C B A T
data — 0 1 0 1 0 1 0 0 1 0 0 0
b)
I tw |
REMOthllllllllll H.
L
bit — Ref TO S2 S1 SO F E D C B A T1
data — - 1 0 1 0 1 0 0 1 0 0 0
91DSM3004LAB1-04

Figure 3: REMO Output Waveform
(a) flashed pulse
(b) modulated pulse { tpw = (5 x tm) + tmH)}.

91DSM3004LAB1-05
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Figure 4 : Single Key - Stroke Sequence.
Debounce time :tpg =4t0 9 x To
Starttime : tsT=51t0 10 x To

Minimum

release time : treL = To.

/

key bouncing

closed

REV released —

REMO

- I

"

tREL

new key

scan j

[ U1

/
f
DRVNN Zn i
— — tDB scan

tw

[

= tsT

scan

new word

0sco

I

POSCILLATOR ACTIVE,

- T

91DSM3004LAB1-06

Figure 5 : Multiple Key-Stroke Sequence.
Scan rate multiple key-stroke : tsp =8 to 10 x To.

m___

key bouncing
/ key A decoded as HIGH

KEY A closed i il key A decoded as LOW

released —

closed
KEY B

- [

scan scan scan

off
DRVAN A ﬂﬂ_l_Hﬂ_ﬂTLﬂﬂ—r—UL
tpg— ts — I 'pB

- E& tst

REMO t‘
tgt— l-— word key A word key A word key B
H
0sco il OSCILLATOR ACTIVE i
91DSM3004LAB1-07
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M3005AB1

REMOTE CONTROL TRANSMITTER

= FLASHED OR MODULATED TRANSMISSION

= 7 SUB-SYSTEM ADDRESSES

= UP TO 64 COMMANDS PER SUB-SYSTEM
ADDRESS

= HIGH-CURRENT REMOTE OUTPUT AT
Vbp = 6V (~ loH = 80mA)

=LOW NUMBER OF ADDITIONAL COMPO-
NENTS

=KEY RELEASE DETECTION BY TOGGLE
BITS

= VERY LOW STAND-BY CURRENT (< 2uA)

= OPERATIONAL CURRENT < 1mA AT 6V SUP-
PLY

= SUPPLY VOLTAGE RANGE 4 TO 11V

= CERAMIC RESONATOR CONTROLLED FRE-
QUENCY (typ. 450kHz)

DESCRIPTION

The M3005AB1 transmitter IC is designed for infrared
remote control systems. It has a total of 448 com-
mands which are divided into 7 sub-system groups
with 64 commands each. The sub-system code may
be selected by a press button, a slider switch or hard
wired.

The M3005AB1 generates the pattern for driving the
output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modulated.
The transmission mode is defined in conjunction with
the sub-system address. Modulated pulses allow re-
ceivers with narrow-band preamplifiers for improved
noise rejection to be used. Flashed pulses require a
wide-band preamplifier within the receiver.

March 1991

ORDER CODE : M3005AB1

(Plastic Package)

PIN CONNECTIONS

REMO
SEN 6N
SEN 5N
SEN 4N
SEN 3N
SEN 2N
SEN 1N
SEN ON

ADRM

Vee

HiRIENNRREEIE

© ® N o a A w N

e
o

vdd
DRV 6N
DRV 5N
DRV 4N
DRV 3N
DRV 2N
DRV 1N
DRV ON
0OSC o0
OSsC 1

NN NN

91DSM3005AB1-01
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BLOCK DIAGRAM
DRV OUTPUTS
GEN  ONINZN3N4NSNGN
INPUTS 771717
ONo—
N o—|
oNe—  KEYBOARD PULSE REMO
3N o— o DISTANCE o
4N o— MODULATOR OUTPUT
5N o—
6N o—
[ J
ADRM o— : }
VDDo—— |55GILLATOR CONTROL
VSSo— LOGIC
5 5
OSCl 0SCO 91DSM3005AB1-02
INPUTS AND OUTPUTS format of REMO is modulated or if not connected,

Key matrix inputs and outputs (DRVON to
DRV6N and SENON to SEN6N).

The transmitter keyboard is arranged as a scanned
matrix. The matrix consists of 7 driver outputs and
7 sense inputs as shown in fig. 1. The driver outputs
DRVON to DRV6N are open drain N-channel tran-
sistors and they are conductive in the stand-by
mode. The 7 sense inputs (SENON to SENGEN)
enable the generation of 56 command codes. With
2 external diodes all 64 commands are address-
able. The sense inputs have P-channel pull-up
transistors so that they are HIGH until they are
pulled LOW by connecting them to an output via a
key depression to initiate a code transmission.

ADDRESS MODE INPUT (ADRM)

The sub-system address and the transmission
mode are defined by connecting the ADRM input
to one or more driver outputs (DRVON to DRVEN)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes. This allows the definition of seven
sub-system addresses as shown in table 3. If driver
DRV6N is connected to ADRM, the data output
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flashed.

The ADRM input has switched pull-up and pull-
down loads. In the stand-by mode only the pull-
down device is active. Whether ADRM is open
(sub-system address 0, flashed mode) or con-
nected to the driver outputs, this input is LOW and
will not cause unwanted dissipation. When the
transmitter becomes active by pressing a key, the
pull-down device is switched off and the pull-up
device is switched on, so that the applied driver
signals are sensed for the decoding of the sub-sys-
tem address and the mode of transmission.

The arrangement of the sub-system address cod-
ing is such that only the driver DRVNM with the
highest number (n) defines the sub-system ad-
dress, e.g. if drivers DRV2N and DRV4N are con-
nected to ADRM, only DRV4N will define the
sub-system address. This option can be used in
systems requiring more than one sub-system ad-
dress. The transmitter may be hard-wired for sub-
system address 2 by connecting DRV1N to ADRM.
If now DRV3N is added to ADRM by a key or a
switch, the transmitted sub-system address
changes to 4. A change of the sub-system address
will not start a transmision.




M3005AB1

REMOTE CONTROL SIGNAL OUTPUT (REMO)

The REMO signal output stage is a push-pull type.
In the HIGH state, a bipolar emitter-follower allows
a high output current. The timing of the data output
format is listed in tables 1 and 2. The information is
defined by the distance t» between the leading
edges of the flashed pulses or the first edge of the
modulated pulses (see fig. 3). The format of the

output data is given in fig. 2 and 3. The data word

starts with two toggle bits T1 and TO, followed by
“three bits for defining the sub-system address S2,
S1 and SO, and six bits F, E, D, C, B and A which
are defined by the selected key.
In the modulated transmission mode the first toggle
bit is replaced by a constant reference time bit
(REF). This can be used as a reference time for the
decoding sequence. The toggle bits function is an
indication for the decoder that the next instruction
has to be considered as a new command. The
codes for the sub-system address and the selected
key are given in tables 3 and 4.
The REMO output is protected against "Lock-up",
i.e. the length of an output pulse is limited to < 1ms,
even if the oscillator stops during an output pulse.
This avoids the rapid discharge of the battery that
would otherwise be caused by the continuous ac-
tivation of the LED.

OSCILLATOR INPUT / OUTPUT (osci and
0SCO0)

The external components must be connected to
these pins when using an oscillator with a ceramic
resonator. The oscillator frequency may vary be-
tween 350kHz and 600kHz as defined by the res-
onator.

FUNCTIONAL DESCRIPTION

Keyboard operation.

In the stand-by mode all drivers (DRVON to
DRV6N) are on (low impedance to Vss). Whenever
a key is pressed, one or more of the sense inputs
(SENNnN) are tied to ground. This will start the
power-up sequence. First the oscillator is activated
and after the debounce time tps (see fig. 4) the
output drivers (DRVON to DRV6N) become active
successively.

Within the first scan cycle the transmission mode,
the applied sub-system address and the selected
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command code are sensed and loaded into an
internal data latch.

In contrast to the command code, the sub-system
is sensed only within the first scan cycle. If the
applied sub-system address is changed while the
command key is pressed, the transmitted sub-sys-
tem address is not altered.

In a multiple key stroke sequence (see fig. 5) the
command code is always altered in accordance
with the sensed key.

MULTIPLE KEY-STROKE PROTECTION

The keyboard is protected against multiple key-
strokes. If more than one key is pressed at the
same time, the circuit will not generate a new
output at REMO (see fig. 5). In case of a multiple
key-stroke, the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special

structure of the keyboard matrix :

- The keys switching to ground (code numbers 7,
15, 23, 31, 39, 47, 55 and 63) and the keys
connected to SEN5SN and SENGN are not cov-
ered completely by the multiple key protection.
If one sense input is switched to ground, further
keys on the same sense line are ignored, i.e. the
command code corresponding to "key to
ground" is transmitted.

- SEN5N and SEN6EN are not protected against
multiple keystroke on the same driver line, be-
cause this condition has been used for the defi-
nition of additional codes (code number 56 to
63).

OUTPUT SEQUENCE (data format)

The output operation will start when the selected
code is found. A burst of pulses, including the
latched address and command codes, is gener-
ated at the output REMO as long as a key is
pressed. The format of the output pulse train is
given in fig. 2 and 3. The operation is terminated
by releasing the key or if more than one key is
pressed at the same time. Once a sequence is
started, the transmitted data words will always be
completed after the key is released.

The toggle bits TO and T1 are incremented if the
key is released for a minimum time treL (see fig.
4). The toggle bits remain unchanged within a
multiple key-stroke sequence.
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Table 1 : Pulse Train Timing.

Mode To (ms) tp (us) tm (us) tw (ms)
Flashed 2.58 8.8 - 121
Modulated 2.53 - tosc 121

Flash Mode Carrier Mode
fosc 455kHz 600kHz
tp 4 x tosc Flashed Pulse Width
tm tosc Modulation Period
N 8* Number of Modulation Pulses
To 1152 X tosc 1536 x tOSC Basic Unit of Pulse Distance
tw 55296 x tosc 73728 x tOSC Word Distance

The following number of pulses may be selected by Metal option : N =8, 12, 16.

Note : The different dividing ratio for To and tw between flash mode and carrier mode is obtained by changing the modulo of a particular di-
vider from divide by 3 during flash mode to divide by 4 during carrier mode. This allows the use of a 600kHz ceramic resonator dur-
ing carrier mode to obtain a better noise immunity for the receiver without a significant change in To and tw. For first samples, the
correct divider ration is obtained by a metal mask option. For final parts, this is automatically done together with the selection of
flash-/carrier mode.

Table 2 : Pulse Train Separation (tv).

Code to
Logic "0" 2xTo
Logic "1" 3xTo
Toggle Bit Time 2xToor3xTo

Table 3 : Transmission Mode and Sub-system to one or more driver outputs (DRVON To DRVEN)
Adress Selection. of the key matrix. If more than one driver is con-
The sub-system address and the transmission nected to ADRM, they must be decoupled by di-
mode are defined by connecting the ADRM input odes.

Mode Sub-system Adress Driver DRVnN for n =
# S2 S1 S0 0 1 2 3 4 5 6

F 0 1 1 1
L 1 0 0 0 O
A 2 0 0 1 X 0]
S 3 0 1 0 X X O
H 4 0 1 1 X X X (6]
E 5 1 0 0 X X X X e}
D 6 1 0 1 X X X X X (@]
M
O 0 1 1 1 O
D 1 0 0 0 (6] O
U 2 0 0 1 X (6] (0]
L 3 0 1 0 X X o (0]
A 4 0 1 1 X X X ¢} O
T 5 1 0 0 X X X X (0] 0]
E 6 1 0 1 X X X X X [¢] o
D

o = connected to ADRM

blank = not connected to ADRM

X = don’t care
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Table 4 : Key Codes.

Matrix Matrix Code Matrix
Drive Sense E E D c B A Position
DRVON SENON 0 0 0 0 0 0 0
DRVIN SENON 0 0 0 0 0 1 1
DRV2N SENON 0 0 0 0 1 0 2
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON 0 0 0 1 0 0 4
DRV5N SENON 0 0 0 1 0 1 5
DRV6N SENON 0 0 0 1 1 0 6
Vss SENON 0 0 0 1 1 1 7
Vss SEN1N 0 0 1 1 1 1 810 15
Vss SEN2N 0 1 0 1 1 1 161023
Vss SEN3N 0 1 1 1 1 1 2410 31
Vss SEN4N 1 0 0 1 1 1 3210 39
Vss SEN5N 1 0 1 1 1 1 40 to 47
Vss SENBN 1 1 0 1 1 1 4810 55
Vss SEN5N and SEN6N 1 1 1 1 1 1 56 to 63
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vobp Supply Voltage Range -0.3to+ 12 \%
Vi Input Voltage Range - 0.3t (Vbp + 0.3) \
Vo Output Voltage Range -0.3to (Vpp + 0.3) \
+1 D.C. Current into Any Input or Output Max. 10 mA
- | (REMO) M | Peak REMO Output Current during 10us, Duty Factor = 1% Max. 300 mA
Piot Power Dissipation per Package for Ta = - 20 to + 70°C Max. 200 mW
Tstg Storage Temperature Range -55t0 + 150 °C
Ta Operating Ambient Temperature Range -20to + 70 °C
ELECTRICAL CHARACTERISTICS
Vss = 0V, Ta = 25°C (unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Voo | Supply Voltage Ta=0to +70°C 4 11 \Y
Ipp Supply Current + Active fosc = 455kHz Vpp = 6V 0.8 1.5 mA
REMO,Output unload Vop =9V 1.5 3 mA
* Inactive (stand-by mode)  Vpp =6V 2 A
Vop = 9V 2 uA
fosc Oscill. Frequency Vpp = 4 to 11V (cer resonator) 350 600 kHz
KEYBOARD MATRIX - Inputs SEON to SEN6N
Vi Input Voltage Low Vop =4to 11V 0.2 x Vop \%
Vi Input Voltage High Vop =4 to 11V 0.8 x Voo \
- Input Current Vpp =4V, V| =0V 25 250 pHA
Vop = 11V, V; = 0V 75 750 HA
1 Input Leakage Current | Vpp = 11V, V= VDD 1 uA
KEYBOARD MATRIX - Outputs DRVON to DRVEN
VoL Output Voltage "ON" | Vpp =4V, lo = 0.1mA 0.3 \
Vpp = 11V, lo = TmA 0.5 \
lo Output Current "OFF" | Vpp = 11V, Vo = 11V 10 HA
(57 SGS-THOMSON >/8
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ELECTRICAL CHARACTERISTICS (continued)
Vss = 0V, Ta = 25°C (unless otherwise specified)

| Symbol | Parameter Test Conditions Min. | Typ. ] Max. \ Unit \
CONTROL INPUT ADRM
Vi Input Voltage Low 02xVop | V
Vi Input Voltage High 0.8 x Vpp \
I Input Current Low Pull-up Act. Oper. Condition, Vin = Vss
(switched P and N Vop = 4V 25 250 HA
channel pull-up/pull down) Vpp = 11V 75 750 A
™ Input Current High Pull-down Act. Stand-by Cond.,Vin = Vpp
(switched P and N Vop = 4V 25 250 HA
channel pull-up/pull down) Vpp = 11V 75 750 A
DATA OUTPUT REMO
-lon | Output Current High Vop = 6V, Vo =3V 80 mA
Vpp = 9V, Vou = 6V 80 mA
loL Output Current Low Vpp =6V, VoL = 0.2V 0.6 mA
Vop = 9V, Vo= 0.1V 0.6 mA
tm/tosc | Pulse Duty Cycle During Carrier Mode 0.4 0.5 0.6
toH Pulse Length Vpp = 6V, Oscill. Stopped 1 mS
OSCILLATOR
I Input Current Vpp = 6V, OSC1 at Vpp 0.8 2.7 uA
VoH Output Voltage high Vpp =6V, -loL = 0.1mA Vpp - 0.6 Vv
VoL Output Voltage Low Vpop = 6V, loq = 0.1mA 0.6 \
Figure 1 : Typical Application.
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Figure 2 : Data Format of REMO OQutput

| tW
H
REMO L .

bit — Tt 70 82 st sO F E D C B A T1
data — 6o 1+ o 1 0 t 0 0 1 0 O 0
91DSM3005AB1-04

Figure 3 : REMO Output Waveform
(a) flashed pulse
(b) modulated pulse

R A

91DSM3005AB1-05

Figure 4 : Single Key - Stroke Sequence.
Debounce time :tpg =410 9 x To
Start time : tst=51t0 10 x To
Minimum release time : treL = To.

key bouncing
closed / * tFE— - newkey
REV released —JHJ |H J
K / scan j
off
DRVnN on B
— !DB scan scan
tw
u new word
REMO L
-  tsT
H
osco | N OSCILLATOR ACTIVE,
91DSM3005AB1-06
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Figure 5 : Multiple Key-Stroke Sequence.
Scan rate multiple key-stroke : tsm =81to 10 x To.

key bouncing
/ key A decoded as HIGH
KEY A closed I il key A decoded as LOW
released —
closed
Keve 0% il m_
scan scan scan
off s /s /s
B 1] mi w qﬂ i H
tpg—| - . tg - 'oB
w - tsT
REMO E
top— l— word key A word key A word key B
0SCo [‘ AE OSCILLATOR ACTIVE i
91DSM3005AB1-07
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M3005LAB1

REMOTE CONTROL TRANSMITTER

= FLASHED OR MODULATED TRANSMISSION

= 7 SUB-SYSTEM ADDRESSES

= UP TO 64 COMMANDS PER SUB-SYSTEM
ADDRESS

= HIGH-CURRENT REMOTE OUTPUT AT
Vop = 6V (- loH = 80mA)

=LOW NUMBER OF ADDITIONAL COMPO-
NENTS

= KEY RELEASE DETECTION BY TOGGLE
BITS

= VERY LOW STAND-BY CURRENT (< 2uA)

= OPERATIONAL CURRENT < 1mA AT 6V SUP-
PLY

= SUPPLY VOLTAGE RANGE 2 TO 6.5V

= CERAMIC RESONATOR CONTROLLED FRE-
QUENCY (typ. 450kHz)

DESCRIPTION

The M3005LAB1 transmitter IC is designed for infra-
red remote control systems. It has a total of 448
commands which are divided into 7 sub-system
groups with 64 commands each. The sub-system
code may be selected by a press button, a slider
switch or hard wired.

The M3005LAB1 generates the pattern for driving the
output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modulated.
The transmission mode is defined in conjunction with
the sub-system address. Modulated pulses allow re-
ceivers with narrow-band preamplifiers for improved
noise rejection to be used. Flashed pulses require a
wide-band preamplifier within the receiver.

May 1991

DIP20
(Plastic Package)

ORDER CODE : M3005LAB1

PIN CONNECTIONS
REMO | | 1 ~ 20| | vad
SENGN | |2 19f ] DpRven
SENSN [ |3 18|_] DRvsN
SEN4N | |4 171 ] DRVaN
senan [ |s 16| | DRvaN
SEN2N | |6 15| | DRvan
SENIN | |7 14] | DRVIN
seNoN | |s 13| | DRVON
ADRM | |9 12| | osco
vee [ |10 11| | osct

91DS3005LAB1-01
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M3005LAB1

BLOCK DIAGRAM
DRV OUTPUTS
SEN  ONTN2N3N4NSNEN
INPUTS
ON o—
1N o—|
2N°—  KEYBOARD PULSE REMO
3N o— SoAN DISTANCE |—o
N MODULATOR OUTPUT
6N o—
ADRM o—— ; 1'
VDD o— CONTROL
OSCILLATOR
VSSo—- LOGIC
OSCI OSCO V91M3005LAB1-02
INPUTS AND OUTPUTS format of REMO is modulated or if not connected,

_Key matrix inputs and outputs (DRVON to
DRV6N and SENON to SEN6N).
The transmitter keyboard is arranged as a scanned
matrix. The matrix consists of 7 driver outputs and
7 sense inputs as shown in fig. 1. The driver outputs
DRVON to DRV6N are open drain N-channel tran-
sistors and they are conductive in the stand-by
mode. The 7 sense inputs (SENON to SEN6GN)
enable the generation of 56 command codes. With
2 external diodes all 64 commands are address-
able. The sense inputs have P-channel pull-up
transistors so that they are HIGH until they are
pulled LOW by connecting them to an output via a
key depression to initiate a code transmission.

ADDRESS MODE INPUT (ADRM)

The sub-system address and the transmission
mode are defined by connecting the ADRM input
to one or more driver outputs (DRVON to DRVGN)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes. This allows the definition of seven
sub-system addresses as shown in table 3. If driver
DRV6N is connected to ADRM, the data output
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flashed.

The ADRM input has switched pull-up and pull-
down loads. In the stand-by mode only the pull-
down device is active. Whether ADRM is open
(sub-system address 0, flashed mode) or con-
nected to the driver outputs, this input is LOW and
will not cause unwanted dissipation. When the
transmitter becomes active by pressing a key, the
pull-down device is switched off and the pull-up
device is switched on, so that the applied driver
signals are sensed for the decoding of the sub-sys-
tem address and the mode of transmission.

The arrangement of the sub-system address cod-
ing is such that only the driver DRVNM with the
highest number (n) defines the sub-system ad-
dress, e.g. if drivers DRV2N and DRV4N are con-
nected to ADRM, only DRV4N will define the
sub-system address. This option can be used in
systems requiring more than one sub-system ad-
dress. The transmitter may be hard-wired for sub-
system address 2 by connecting DRV1N to ADRM.
If now DRV3N is added to ADRM by a key or a
switch, the transmitted sub-system address
changes to 4. A change of the sub-system address
will not start a transmision.

. MICROELECTRONICS
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REMOTE CONTROL SIGNAL OUTPUT (REMO)

The REMO signal output stage is a push-pull type.
In the HIGH state, a bipolar emitter-follower allows
a high output current. The timing of the data output
format is listed in tables 1 and 2. The information is
defined by the distance tb between the leading
edges of the flashed pulses or the first edge of the
modulated pulses (see fig. 3). The format of the
output data is given in fig. 2 and 3. The data word
starts with two toggle bits T1 and TO, followed by
three bits for defining the sub-system address S2,
S1 and S0, and six bits F, E, D, C, B and A which
are defined by the selected key.

In the modulated transmission mode the first toggle
bit is replaced by a constant reference time bit
(REF). This can be used as a reference time for the
decoding sequence. The toggle bits function is an
indication for the decoder that the next instruction
has to be considered as a new command. The
codes for the sub-system address and the selected
key are given in tables 3 and 4.

The REMO output is protected against "Lock-up”,
i.e. the length of an output pulse is limited to < 1ms,
even if the oscillator stops during an output pulse.
This avoids the rapid discharge of the battery that
would otherwise be caused by the continuous ac-
tivation of the LED.

OSCILLATOR INPUT / OUTPUT (osci and
0SCO)

The external components must be connected to
these pins when using an oscillator with a ceramic
resonator. The oscillator frequency may vary be-
tween 350kHz and 600kHz as defined by the res-
onator.

FUNCTIONAL DESCRIPTION

Keyboard operation.

In the stand-by mode all drivers (DRVON to
DRV6N) are on (low impedance to Vss). Whenever
a key is pressed, one or more of the sense inputs
(SENNnN) are tied to ground. This will start the
power-up sequence. First the oscillator is activated
and after the debounce time tps (see fig. 4) the
output drivers (DRVON to DRV6N) become active
successively.

Within the first scan cycle the transmission mode,
the applied sub-system address and the selected
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command code are sensed and loaded into an
internal data latch.

In contrast to the command code, the sub-system
is sensed only within the first scan cycle. If the
applied sub-system address is changed while the
command key is pressed, the transmitted sub-sys-
tem address is not altered.

In a multiple key stroke sequence (see fig. 5) the
command code is always altered in accordance
with the sensed key.

MULTIPLE KEY-STROKE PROTECTION

The keyboard is protected against multiple key-
strokes. If more than one key is pressed at the
same time, the circuit will not generate a new
output at REMO (see fig. 5). In case of a multiple
key-stroke, the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special

structure of the keyboard matrix :

- The keys switching to ground (code numbers 7,
15, 23, 31, 39, 47, 55 and 63) and the keys
connected to SEN5N and SEN6N are not cov-
ered completely by the multiple key protection.
If one sense input is switched to ground, further
keys on the same sense line are ignored, i.e. the
command code corresponding to "key to
ground" is transmitted.

- SEN5N and SENG6N are not protected against
multiple keystroke on the same driver line, be-
cause this condition has been used for the defi-
nition of additional codes (code number 56 to
63).

OUTPUT SEQUENCE (data format)

The output operation will start when the selected
code is found. A burst of pulses, including the
latched address and command codes, is gener-
ated at the output REMO as long as a key is
pressed. The format of the output pulse train is
given in fig. 2 and 3. The operation is terminated
by releasing the key or if more than one key is
pressed at the same time. Once a sequence is
started, the transmitted data words will always be
completed after the key is released.

The toggle bits TO and T1 are incremented if the
key is released for a minimum time treL (see fig.
4). The toggle bits remain unchanged within a
multiple key-stroke sequence.
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Table 1 : Pulse Train Timing.

Mode To (ms) te (us) tm (us) tw (ms)
Flashed 2.53 8.8 - 121
Modulated 2.53 = tosc 121

Flash Mode Carrier Mode
fosc 455kHz 600kHz
tp 4 x tosc Flashed Pulse Width
tm 12 x tosc tOSC Modulation Period
N 8" Number of Modulation Pulses
To 1152 x tosc 1536 x tOSC Basic Unit of Pulse Distance
tw 55296 x tosc 73728 x tOSC Word Distance

The following number of puises may be selected by Metal option : N = 8, 12, 16.

Note : The different dividing ratio for To and tw between flash mode and carrier mode is obtained by changing the modulo of a particular di-
vider from divide by 3 during flash mode to divide by 4 during carrier mode. This allows the use of a 600kHz ceramic resonator dur-
ing carrier mode to obtain a better noise immunity for the receiver without a significant change in To and tw. For first samples, the
correct divider ration is obtained by a metal mask option. For final parts, this is automatically done together with the selection of
flash-/carrier mode.

Table 2 : Pulse Train Separation ().

Code t
Logic "0" 2xTo
Logic "1" ) 3xTo
Toggle Bit Time 2xToor3xTo

Table 3 : Transmission Mode and Sub-system to one or more driver outputs (DRVON To DRV6N)
Adress Selection. of the key matrix. If more than one driver is con-
The sub-system address and the transmission nected to ADRM, they must be decoupled by di-
mode are defined by connecting the ADRM input odes.

Mode Sub-system Adress Driver DRVnN forn =
# S2 S1 SO 0 1 2 3 4 5 6

F 0 1 1 1
L 1 0 0 0 e}
A 2 0 0 1 X (6]
S 3 0 1 0 X X O
H 4 0 1 1 X X X @]
E 5 1 0 0 X X X X O
D 6 1 0 1 X X X X X (0]
M
O 0 1 1 1 O
D 1 0 0 0 e} (6]
U 2 0 0 1 X (@] O
L 3 0 1 0 X X (0] (@]
A 4 0 1 1 X X X o o
T 5 1 0 0 X X X X (0] o
E 6 1 0 1 X X X X X (0] (0]
D

o = connected to ADRM

blank = not connected to ADRM

X =don't care

4/8
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Table 4 : Key Codes.

Matrix Matrix Code Matrix
Drive Sense F E D c B A Position
DRVON SENON 0 0 0 0 0 0 0
DRVIN SENON 0 0 0 0 0 1 1
DRV2N SENON 0 0 0 0 1 0 2
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON o] 0 0 1 0 0 4
DRV5N SENON 0 0 0 1 0 1 5
DRV6N SENON 0 0 0 1 1 0 6
Vss SENON 0 0 0 1 1 1 7
Vss SEN1N 0 0 1 1 1 1 8to 15
Vss SEN2N 0 1 0 1 1 1 16 to 23
Vss SEN3N 0 1 1 1 1 1 24 10 31
Vss SEN4N 1 0 0 1 1 1 3210 39
Vss SEN5N 1 0 1 1 1 1 40 to 47
Vss SEN6N 1 1 0 1 1 1 48 to 55
Vss SEN5N and SEN6N 1 1 1 1 1 1 56 to 63
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpp Supply Voltage Range -03to+7 Vv
Vi Input Voltage Range -0.3to (Voo + 0.3) \Y
Vo Output Voltage Range -0.3to (Vpp + 0.3) \Y
+1 D.C. Current into Any Input or Output Max. 10 mA
-1 (REMO) M | Peak REMO Output Current during 10ps, Duty Factor = 1% Max. 300 mA
Prot Power Dissipation per Package for Ta = - 20 to + 70°C Max. 200 mwW
Tsig Storage Temperature Range - 5510 + 150 °C
Ta Operating Ambient Temperature Range -20to + 70 °c
ELECTRICAL CHARACTERISTICS
Vss = 0V, Ta = 25°C (unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vpo | Supply Voltage Ta=0to+70°C 2 6.5 v
Ipp Supply Current « Active fosc = 455kHz Vpp = 3V 0.25 0.5 mA
REMO,Output unload Vpp = 6V 1.0 2 mA
« Inactive (stand-by mode) Vpp = 6V 2 pA
fosc Oscill. Frequency Vpp = 2 to 6.5V (cer resonator) 350 600 kHz
KEYBOARD MATRIX - Inputs SEON to SEN6N
Vi Input Voltage Low Vpp =210 6.5V 03xVop | V
ViH Input Voltage High Vpp = 210 6.5V 0.7 x Vob \
-h Input Current Vop =2V, V| =0V 10 100 HA
Vpp = 6.5V, V=0V 100 600 pA
I Input Leakage Current | Vpp = 6.5V, Vi = Vpp 1 A
KEYBOARD MATRIX - Outputs DRVON to DRV6N
VoL Output Voltage "ON" | Vpp = 2V, lo = 0.25mA 0.3 \Y
Vpp = 6.5V, lo = 2.5mA 0.6 \
lo Output Current "OFF" | Vpp = 6.5V, Vo = 11V 10 uA
5/8
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ELECTRICAL CHARACTERISTICS (continued)
Vss =0V, Ta = 25°C (unless otherwise specified)

| Symbol | Parameter | Test Conditions Min. [Typ.] Max. [ uUnit]
CONTROL INPUT ADRM
Vi Input Voltage Low 03xVop | V
Vin Input Voltage High 0.7 x Vpp \%
li Input Current Low Pull-up Act. Oper. Condition, Vin = Vss
(switched P and N Vpp = 2V 10 100 A
channel pull-up/pull down) Vpp = 6.5V 100 600 LA
IH Input Current High Pull-down Act. Stand-by Cond.,Vin = Vpp
(switched P and N Vpp = 2V 10 100 uA
channel pull-up/pull down) Vpp = 6.5V 100 600 pA
DATA OUTPUT REMO
-lon | Output Current High Vpp =2V, Vou = 0.8V 60 mA
Vpp = 6.5V, Von = 5V 80 mA
loL Output Current Low Vop =2V, VoL = 0.4V 0.6 mA
Vpp = 6.5V, VoL = 0.4V 0.6 mA
tmH/tosc | Pulse Duty Cycle During Carrier Mode 0.4 0.5 0.6
toH Pulse Length Vpp = 6.5V, Oscill. Stopped 1 mS
OSCILLATOR
h 1 Input Current Vop = 2V 5 HA
Vpp = 6.5V, OSC1 at Vpp 5 7 UA
Vo Output Voltage high Vpp = 6.5V, - oL = 0.1mA Vpp - 0.8 \
VoL Output Voltage Low Vop = 6.5V, lon = 0.1mA 0.7 \

Figure 1 : Typical Application.

—
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V
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Figure 2 : Data Format of REMO Output

| tW
REMO
L H_H—
bit — T1 To S2 St SO F- E D C B A T
dsta— 0 1 0 1 0 1 0 0 1 0 O 0
V91M3005LAB1-04
Figure 3 : REMO Output Waveform
(a) flashed pulse
(b) modulated pulse
a) - — =
— F_ tp
tw
= =t
b — I | L AR A Ay
) ty
tw
V91M3005LAB1-05
Figure 4 : Single Key - Stroke Sequence.
Debounce time :tog = 4t0 9 x To
Start time :tsT =510 10x To
Minimum release time : treL = To.
key bouncing
— t
closed HUL/ FEE_ - new key
REV released — Hl J
k /scan
off
DRVAN ° i
— - tpe scan scan
tw new word
remo | JUUUUUUL
L
= = tsT
osco | M DSCILLATOR ACTIVE,
V91M3005LAB1-06
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Figure 5 : Multiple Key-Stroke Sequence.
Scan rate multiple key-stroke : tsm =8 to 10 x To.

key bouncin
/ ’ o key A decoded as HIGH

KEY A closed M key A decoded as LOW
released
closed

KEY B
e I m_

scan scan scan
V4

DRVIN gfn' 1 M ml WU y—]ﬂ N 1U
tpg— Yo — {pB
‘WL‘L — E{{ tst
H
Remo H I

tgr— I~ word key A word key A word key B

0SsCco N7/ OSCILLATOR ACTIVE fi

V91M3005LAB1-07
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M3006LAB1

REMOTE CONTROL TRANSMITTER

= FLASHED OR MODULATED TRANSMISSION

= 5 SUB-SYSTEM ADDRESSES

«UP TO 36 COMMANDS PER SUB-SYSTEM
ADDRESS

« HIGH-CURRENT REMOTE OUTPUT AT Vpp =
6V (~ lon = 120mA)

« LOW NUMBER OF ADDITIONAL COMPO-
NENTS

«KEY RELEASE DETECTION BY TOGGLE
BITS

= VERY LOW STAND-BY CURRENT (< 2uA)

= OPERATIONAL CURRENT < 1mA AT 6V SUP-
PLY

= SUPPLY VOLTAGE RANGE 2 TO 6.5V

= CERAMIC RESONATOR CONTROLLED FRE-
QUENCY (typ. 450kHz)

= ENCAPSULATION : 16-LEAD PLASTIC DIL

DESCRIPTION

The M3006LAB1 transmitter IC is designed for
infrared remote control systems. It has a total of
180 commands which are divided into 5 sub-sys-
tem groups with 36 commands each. The sub-sys-
tem code may be selected by a press bution, a
slider switch or hard wired.

The M3006LAB1 generates the pattern for driving
the output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modu-
lated. The transmission mode is defined in conjunc-
tion with the sub-system address. Modulated
pulses allow receivers with narrow-band preampli-
fiers for improved noise rejection to be used.
Flashed pulses require a wide-band preamplifier
within the receiver.

November 1990

ADVANCE DATA

DIP16
(Plastic Package)

ORDER CODE : M3006LAB1

PIN CONNECTIONS
REMO 1 [| - 1116 vpp
SENGN 2 [ |] 15 DRVeN
SENSN 3 [ |] 14 DRVSN
SEN2N 4 [ 1] 13 DRV4N
SENIN 5 [| |1 12 DRVIN
SENON 6 [| 1111 DRVON
ADRM 7 [| |] 10 osco
Ves 8 [] 1] o oscl

VO0M3006LAB1-01
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BLOCK DIAGRAM
DRV OUTPUTS
Qﬁ jy 1ﬁ ?N %ﬁ
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P MODULATOR
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ADRM O———— ’

Vpp O

OSCILLATOR
Vgg O—— l i
OSCI 0SCO

]

CONTROL
LOGIC

VOOM3006LAB1-02

INPUTS AND OUTPUTS

Key matrix inputs and outputs (DRVON to DRV6N
and SENON to SENGN).

The transmitter keyboard is arranged as a scanned
matrix. The matrix consists of 5 driver outputs and
5sense inputs as shownin fig. 1. The driver outputs
DRVON to DRV6N are open drain N-channel tran-
sistors and they are conductive in the stand-by
mode. The 5 sense inputs (SENON to SEN6N)
enable the generation of 30 command codes. With
2 external diodes all 36 commands are address-
able. The sense inputs have P-channel pull-up
transistors so that they are HIGH until they are
pulled LOW by connecting them to an output via a
key depression to initiate a code transmission.

ADRESS MODE INPUT (ADRM)

The sub-system address and the transmission
mode are defined by connecting the ADRM input
to one or more driver outputs (DRVON to DRV6EN)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes. This allows the definition of five sub-system
addresses as shown in table 3. If driver DRV6N is

2/8
IS7TR
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connected to ADRM, the data output format of
REMO is modulated or if not connected, flashed.
The ADRM input has switched pull-up and pull-
down loads. In the stand-by mode, only the pull-
down device is active. Whether ADRM is open
(sub-system address 0, flashed mode) or con-
nected to the driver outputs, this input is LOW and
will not cause unwanted dissipation. When the
transmitter becomes active by pressing a key, the
pull-down device is switched off and the pull-up
device is switched on, so that the applied driver
signals are sensed for the decoding of the sub-sys-
tem address and the mode of transmission.

The arrangement of the sub-system address cod-
ing is such that only the driver DRVnN with the
highest number (n) defines the sub-system ad-
dress, e.g. if drivers DRV1N and DRV4N are con-
nected to ADRM, only DRV4N will define the
sub-system address. This option can be used in
systems requiring more than one sub-system ad-
dress. The transmitter may be hard-wired for sub-
system address 2 by connecting DRV1N to ADRM.
If now DRV4N is added to ADRM by a key or a
switch, the transmitted sub-system address
changes to 5. Achange of the sub-system address
will not start a transmission.




M3006LAB1

REMOTE CONTROL SIGNAL OUTPUT (REMO)

The REMO signal output stage is a push-pull type.
In the HIGH state, a bipolar emitter-follower allows
a high output current. The timing of the data output
format is listed in tables 1 and 2. The information is
defined by the distance to between the leading
edges of the flashed pulses or the first edge of the
modulated pulses (see fig. 3). The format of the
output data is given in fig. 2 and 3. The data word
starts with two toggle bits T1 and TO, followed by
three bits for defining the sub-system address S2,
S1 and S0, and six bits F, E, D, C, B and A which
are defined by the selected key.

In the modulated transmission mode the first toggle
bit is replaced by a constant reference time bit
(REF). This can be used as a reference time for the
decoding sequence. The toggle bits function as an
indication for the decoder that the next instruction
has to be considered as a new command. The
codes for the sub-system address and the selected
key are given in tables 3 and 4.

The REMO output is protected against "Lock-up”,
i.e. the length of an output pulse is limited to
< 1msec, even if the oscillator stops during an
output pulse. This avoids the rapid discharge of the
battery that would otherwise be caused by the
continuous activation of the LED.

OSCILLATOR INPUT/OUTPUT (osci and 0sco)

The external components must be connected to
these pins when using an oscillator with a ceramic
resonator. The oscillator frequency may vary bet-
ween 350kHz and 600kHz as defined by the reso-
nator.

FUNCTIONAL DESCRIPTION

Keyboard operation.

In the stand-by mode all drivers (DRVON to
DRV6N) are on (low impedance to Vss). Whenever
a key is pressed, one or more of the sense inputs
(SENNN) are tied to ground. This will start the
power-up sequence. First the oscillator is activated
and after the debounce time tps (see fig. 4) the
output drivers (DRVON to DRV6N) become active
successively).

Within the first scan cycle the transmission mode,
the applied sub-system address and the selected
command code are sensed and loaded into an
internal data latch.

In contrast to the command code, the sub-system
is sensed only within the first scan cycle. If the
applied sub-system address is changed while the
command key is pressed, the transmitted sub-sys-
tem address is not altered.

In a multiple key stroke sequence (see fig. 5) the
command code is always altered in accordance
with the sensed key. '

MULTIPLE KEY-STROKE PROTECTION

The keyboard is protected against multiple key-
strokes. If more than one key is pressed at the
same time, the circuit will not generate a new
output at REMO (see fig. 5). In case of a multiple
key-stroke, the scan repetition rate is increased to
detect the release of a key as soon as possible.

There are two restrictions caused by the special

structure of the keyboard matrix :

- The keys switching to ground (code numbers 5,
11, 17, 23, 29 and 35) and the keys connected
to SEN5N and SENGN are not covered com-
pletely by the multiple key protection. If one
sense input is switched to ground, further keys
on the same sense line are ignored, i.e. the
command code corresponding to "key to
ground" is transmitted.

- SENS5N and SEN6N are not protected against
multiple keystroke on the same driver line, be-
cause this condition has been used for the defi-
nition of additional codes (code number 30 to
35).

OUTPUT SEQUENCE (data format)

The output operation will start when the selected
code is found. A burst of pulses, including the
latched address and command codes, is gener-
ated at the output REMO as long as a key is
pressed. The format of the output pulse train is
given in fig. 2 and 3. The operation is terminated
by releasing the key or if more than one key is
pressed at the same time. Once a sequence is
started, the transmitted data words will always be
completed after the key is released.

The toggle bits TO and T1 are incremented if the
key is released for a minimum time treL (see fig.
4). The toggle bits remain unchanged within a
multiple key-stroke sequence.

- 3/8
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Table 1 : Pulse Train Timing.

Mode To(ms) tp (us) tm (us) tmL (us) ta () tw (ms)
Flashed 2.53 8.8 - - - 121
Modulated 2.53 - 26.4 17.6 8.8 121

fosc 455kHz tosc = 2.2us
tp 4 x tosc Flashed Pulse Width
M 12 X tosc Modulation Period
ML 8 x tosc Modulation Period LOW
e 4 x tosc Modulation Period HIGH
To 1152 x tosc Basic Unit of Pulse Distance
tw 55296 x tosc Word Distance
Table 2 : Pulse Train Separation (tp).
Code to
Logic "0" 2xTo
Logic "1" 3xTo
Toggle Bit Time 2xToor3xTo
Reference Time 3xTo

Table 3 : Transmission Mode and Sub-system
Adress Selection.

The sub-system address and the transmission
mode are defined by connecting the ADRM input

to one or more driver outputs (DRVON To DRV6N)
of the key matrix. If more than one driver is con-
nected to ADRM, they must be decoupled by di-
odes.

Mode Sub-system Adress Driver DRVnN for n =
# S2 S1 S0 0 1 4 5 6
F
L 0 1 1 1
A 1 0 0 0 e}
S 2 0 0 1 X (0]
H 5 1 0 0 X X (0]
E 6 1 0 1 X X X (6]
D
M
0]
D 0 1 1 1 o
U 1 0 0 0 e} O
L 2 0 0 1 X (0] O
A 5 1 0 0 X X (@] e}
T 6 1 0 1 X X X o (0]
E
D
o = connected to ADRM
blank = not connected to ADRM
X =don’t care

4/8
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M3006LAB1

Table 4 : Key Codes.

Matrix Matrix Code Matrix
Drive Sense F E D C B A Position
DRVON SENON 0 0 0 0 0 0 0
DRVIN SENON 0 0 0 0 0 1 1
DRV4N SENON 0 0 0 1 0 0 2
DRV5N SENON 0 0 0 1 0 1 3
DRV6N SENON 0 0 0 1 1 0 4
Vss SENON 0 0 0 1 1 1 5
Vss SEN1N 0 0 1 1 1 1 6to 11
Vss SEN2N 0 1 0 1 1 1 121017
Vss SEN5N 1 0 1 1 1 1 1810 23
Vss SEN6N 1 1 0 1 1 1 24 10 29
Vss SEN5N and SEN6N 1 1 1 1 1 1 3010 35
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vbp Supply Voltage Range -0.3t0+7 \Y
Vi Input Voltage Range -0.3to (Vop + 0.3) \
Vo Output Voltage Range -0.3to (Vbp + 0.3) \
+1 D.C. Current into Any Input or Output Max. 10 mA
-1 (REMO) M | Peak REMO Output Current during 10us, Duty Factor = 1% Max. 300 mA
Piot Power Dissipation per Package for Ta = - 20 to + 70°C Max. 200 mwW
Tstg Storage Temperature Range -55t0 + 125 °c
Ta Operating Ambient Temperature Range -20to + 70 °c
ELECTRICAL CHARACTERISTICS «
Vss = 0V, Ta = 25°C (unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Voo | Supply Voltage Ta=0to +70°C 2 8.5 \Y
Iop Supply Current » Active fosc = 455kHz Vpp =3V 0.25 mA
REMO,Output unload Vpp = 6V 1.0 mA
« Inactive (stand-by mode)  Vpp = 6V 4 A
fosc Oscill. Frequency Vpp = 2 to 6.5V (cer resonator) 350 600 kHz
KEYBOARD MATRIX - Inputs SEON to SEN6N
ViL Input Voltage Low Voo =210 6.5V 03xVop | V
Vin input Voltage High Vpp = 2 to 6.5V 0.7 x Vop \
- Input Current Vpp =2V, V; = 0V 10 100 uA
Vpp = 6.5V, Vi = 0V 100 600 LA
I Input Leakage Current | Vpp = 6.5V, V| = VDD 1 A
KEYBOARD MATRIX - Outputs DRVON to DRV6N
VoL Output Voltage "ON" | Vpp =2V, lo = 0.1mA 0.3 \Y
Vpp = 6.5V, lo = TmA 0.6 \Y
lo Output Current "OFF" | Vpp = 6.5V, Vo = 6.5V 10 A
5/8
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ELECTRICAL CHARACTERISTICS (continued)
Vss = 0V, Ta = 25°C (unless otherwise specified)

‘ Symbol f Parameter ' Test Conditions Min. ’Typ. | Max. ‘ Unit |
KEYBOARD MATRIX - Control Input ADRM
Vi Input Voltage Low 03xVop | V
Vin Input Voltage High 0.7 x Vop \Y
e Input Current Low Pull-up Act. Oper. Condition, Vin = Vss
(switched P and N Vop = 2V 10 100 uA
channel pull-up/pull down) Vobp = 6.5V 100 600 uA
I Input Current High Pull-down Act. Stand-by Cond.,Vin = Vpbp
(switched P and N Vpp = 2V 10 100 uA
channel pull-up/pull down) Vpp = 6.5V 100 600 HA
KEYBOARD MATRIX - Data Output REMO
VoH Output Voltage High Vop = 2V, -lon = 60mA 0.8 \%
Vpp = 6.5V, -loy = 60mA 5.0 \Y
Vou Output Voltage Low Vop = 2V, loL = 0.3mA 0.4 \Y
Vpp = 6.5V, loL = 0.3mA 0.4 \Y
ton Pulse Length Vbp = 6.5V, Oscill. Stopped 1 ms
KEYBOARD MATRIX -Oscillator
I Input Current Vpp = 2V, OSC1 at Vpp 5.0 uA
Vpp = 6.5V, OSC1 at Vpp 5.0 7.0 uA
Vo Output Voltage high Vpp = 6.5V, - loL = 0.TmA | Vop-0.8 \
Vo Output Voltage Low Vop = 6.5V, lon = 0.1mA 0.7 \

Figure 1 : Typical Application.

23

29

35

VO0MB3006LAB1-03
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Figure 2 : Data Format of REMO Output; REF = Reference Time; T0 and T1 = Toggle bits; S0, S1 and
S2 = System address; A, B, C, D, E and F = Command bits.
(a) flashed mode : transmission with 2 toggle bits and 3 address bits, followed by 6 com-
mand bits (pulses are flashed)
(b) modulated mode : transmission with reference time, 1 toggle bit and 3 address bits, fol-
lowed by 6 command bits (pulses are modulated).

a) | w
H
REMO
L I I )
bit — T1 T0O S2 S1 SO F E D C B A T1
data — 0 1 0 1 0 1 0 0 1 0 0 0
b)
| tw |
REMOthllllllllll h.
L -
bit — Ref TO 82 S1 SO F E D C B A T1
data — 1 0 1 0 1 0 0 1 0 0 0

VOOM3006LAB1-04

Figure 3 : REMO Output Waveform
(a) flashed pulse
(b) modulated pulse { tpw = (5 X tm) + tmH)}-

VO0M3006LAB1-05
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Figure 4 : Single Key - Stroke Sequence.
Debounce time :tpg =4t0 9 x To
Starttime : tst =5t0 10x To
Minimum release time : treL = To.
key bouncing ;
closed ] ; REL new key
REV released —“—“ |H
\ scan
DRVi off m [—I r—‘ ﬂ
nN on —
— E tDB scan scan
H ! W new word
REMO
L UUUUUUUUUUU!—_
-l Flst
osco ! N 'DSCILLATOR ACTIVE,
V90M3006LAB1-06

Figure 5 : Multiple Key-Stroke Sequence.
Scan rate multiple key-stroke : tsm =8 to 10 x To.

key bouncing
| / key A decoded as HIGH
KEY A © osed M key A decoded as LOW
released —
closed
KEY B
released mﬂ
scan scan scan
prvnn O 4 a
on i H_J_ljj—ﬂL
t e .
DB - t Y 'pB
H w - tsT
REMO L
t ST l-— word key A word key A word key B
0sco [' il OSCILLATOR ACTIVE ]
VO0M3006LAB1-07
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M145026/7/8

REMOTE CONTROL ENCODER/DECODER CIRCUITS

= M145026 ENCODER

= M145027/M145028 DECODERS

= MAY BE ADDRESSED IN EITHER BINARY OR
TRINARY

= TRINARY ADDRESSING MAXIMIZES NUM-
BER OF CODES

u INTERFACES WITH RF, ULTRASONIC, OR IN-
FRARED TRANSMISSION MEDIAS

s DOUBLE TRANSMISSIONS FOR ERROR
CHECKING

= 4.5V TO 18V OPERATION

= ON-CHIP R/C OSCILLATOR, NO CRYSTAL
REQUIRED

= HIGH EXTERNAL COMPONENT TOLER-
ANCE, CAN USE 5% COMPONENTS

= STANDARD CMOS B-SERIES INPUT AND
OUTPUT CHARACTERISTICS

= APPLICATIONS INCLUDE GARAGE DOOR
OPENERS, REMOTE CONTROLLED TOYS,
SECURITY MONITORING, ANTITHEFT SYS-
TEMS, LOW END DATA TRANSMISSIONS
WIRE LESS TELEPHONES

DESCRIPTION

The M145026 encodes nine bits of information and
serially transmits this information upon receipt of a
transmit enable, TE, (active low) signal. Nine inputs
may be encoded with trinary data (0,1, open) to
allow 3° (19.683) different codes.

Two decoders are presently available. Both use the
same transmitter - the M145026. The decoders will
receive the 9-bit word and will interpret some of the
bits as address codes and some as data. The
M145027 interprets the first five transmitted bits as

address and the last four bits as data. The M145028 .

treats all nine bits as address. If no errors are re-
ceived, the M145027 outputs the four data bits when
the transmitter sends address codes that match that
of the receiver. A valid transmission output goes
high on both decoders when they recognize an ad-
dress that matches that of the decoder. Other re-
ceivers can be produced with different address/data
ratios.

All the devices are available in 16 lead plastic pack-
age. The M145026 is available in SO16 plastic
package (narrow) and the M145028 is available in
SO16 plastic package (large).

May 1991

DIP16 (0.25")
(Plastic package)

ORDER CODES :
M145026B1
M145027B1
M145028 B1

S0O16 Narrow (0.15")
(Plastic package)

ORDER CODE : M145026D

S0O16 Large (0.3")
(Plastic package)

ORDER CODE : M145028D

111
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PIN CONNECTIONS

Encoder Decoder Decoder
Aot [ |1 ~ ] ] Voo At [ ~ 6] | Voo SERE ~ 16 ] Voo
A2 [ |2 15| | bATAOUT YAl E 15| ] e al |2 5] A6
asps ] @ ul]TE as []3 14| ] o7 a3 wl a7
A4D4 [ | 4 13| ] RrC A 4 D8 A4 13| | A8
u M145026 ] [ wisozr = e M145028 g
AsDs [ | 5 2| |ctc as [ |s 12| | Do A |s 12| | A9
A6 [ | 6 1] | Rrs Rt [ |6 v Ri[ |6 il ]vr
a7 [ )7 10 ) | Agpe ct[ |7 10 || Rz ct[ 17 10| ] Rerc2
Ves [ | 8 9| | Asios Ves || 8 9| ] baTAIN Ves | | 8 o| | oatam

91DSM145026/27/28-01

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vbp DC Supply Voltage -05t0+ 18 \
Vi Input Voltage, All Inputs —0.5to0 Vpp + 0.5 \

h DC Current Drain Per Pin 10 mA
Tstg Storage Temperature Range —65to + 150 °C
Top Operating Temperature Range — 40 to + 85 °C

Stresses above those listed under "Absolute Maximum Ratings" may causes permanent damage to the device. This is a stress
rating only and functional operation of the device at thses or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

SWITCHING CHARACTERISTICS (C, = 50 pF, Tamp = 25 °C)

Symbol Parameter Vop Min. Typ. Max. Unit
trLH QOutput Rise and Fall Time 5 — 100 200
trHL 10 - 50 100 ns
15 - 40 80
tTLH Data in Rise and Fall Time (M145027, M145028) 5 - - 15
tTHL 10 - — 15 us
15 - - 15
foL Encoder Clock Frequency 5 0 - 2
10 0 - 5 MHz
15 0 - 5
feL Maximum Decoder Frequency 5 - - 240
(referenced to encoder clock) (see figure 9) 10 - - 410 kHz
15 - - 450
twe | TE Pulse Width 5 65 - -
10 30 - - ns
15 20 - -
System Propagation Delay - - 182 — Clock
(TE to valid transmission) Cycles
Tolerance on Timing Components
(ARTC + ACTC + AR1 + AC1) - - - + 25 %
(AR2 + AC2) - - - +25
2 (7 SGS-THOMSON
Y/ MICROELECTROMICS
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ELECTRICAL CHARACTERISTICS

bol o . Vop | — 40°C 25°C +85°C Unit
Symbo arameter V| Min. | Max. | Min. Typ. Max. | Min. | Max. |
Output Voltage 5 - 0.05 - 0 0.05 - 0.05
VoL V| =Vpp or 0 "0" Level| 10 - 0.05 - 0 0.05 - 0.05 \%
15 — 0.05 - 0 0.05 — 0.05
VoH Vi =0 or Vpp 5 4.95 - 4.95 5" - 4.95 —
"1" Level | 10 9.95 - 9.95 10 - 9.95 - \
15 14.95 - 14.95 15 - 14.95 —
Input Voltage

Vi (Vo =450r05V) 5 - 15 - 2.25 1.5 - 15 v
(Vo =090r1V) "0"Level| 10 - 3 - 4.50 3 - 3
(Vo =135 0r 1.5 V) 15 - 4 - 6.25 4 - 4

v (Vo =050r45V) 5 35 - 35 2.75 - 35 - v

H 1 (Vo=100r9V) ""Level| 10 7 - 7 5.50 - 7 -
(Vo =1.50r 135 V) 15 11 - 11 8.25 - 11 -
Output Drive Current

lon | (Vou=25V) 5 |-25| - |-21 —42 - | =-17| -

(Von =46 V) 5 [-052| - |-044]| -088 - |-036| - mA
(Von =95V) Source| 10 -13 - -1.1 - 225 - - 0.9 -
(Von =13.5V) 15 - 3.6 - -3 - 88 - - 24 -

lo. | (VoL =04V) , 5 |o52| — | o044 | o088 - o3 | - | mA
(VoL =0.5V) Sinki 10 | 13 | - | 11 2.25 - o9 | -

VoL =15V) 15 | 36 | - 3 8.8 - | 24 | -

Iy Input Current 5 - - 3 4 7 - -

TE (M145026, pull up 10 - - 16 20 26 - - HA
device) 15 - - 35 45 55 - -

I Input Current

' RS (M145026) IR R £03| - |=+10
Data In (M145027, 15 03 + 0.00001 ' ’ WA
M145028)

Iy Input Current
A1/D1-A9/D9 (M145026) 5 — - - + 55 + 80 - - LA
A1-A5 (M145027) 10 - - - + 300 + 340 - -

A1-A9 (M145028) 15 — - - + 650 + 725 - -

Ci Input Capacitance (V, = 0) - - - - 5 7.5 - - pF

lop Quiescent Current- M145026| 5 - - - 0.0050 0.10 - -

10 - - - 0.0100 0.20 - - HA
15 - - - 0.0150 0.30 - -

Ipp Quiescent Current 5 - - - 30 50 - -

M145027, M145028 10 - — - 60 100 - - MA
15 - - - 90 150 - -

It Total Supply Current 5 - - - 100 200 - -

M145026 (fcL = 20 kHz) 10 - - - 200 400 = - UA
15 — - - 300 600 - -

IT Total Supply Current 5 - - - 200 400 - —
M145027,M145028 (fc. =20 10 - - — 400 800 - - UA
kHz) 15 - - - 600 1200 = -

37 SGS-THOMSON s
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M145026/7/8

OPERATING CHARACTERISTICS
M145026

The encoder will serially transmit nine bits of trinary
data as defined by the state of the A1/D1-A9/D9
input pins. These plns canbe in either of three states
(0,1, open) allowing 3°-19683 possible codes.The
transmit sequence will be initiated by a low level of
the TE input pin. Eachtime the TE input is forced low
the encoder will output two identical data words.
This redundant information is used by the receiver
to reduce errors. If the TE input is kept low, the en-
coder will continuously transmit the data words. The
transmitted words are self-completing (two words
will be transmitted for each TE pulse).

Each transmitted data bit is encoded into two data
pulses. A logic zero will be encoded as two consec-
utive short pulses, a logic one by two consecutive
long pulses, and an open as a long pulse followed
by a short pulse. The input state is determined by
using a weak output device to try to force each input
first low, then high. If only a high state results from
the two tests, the input is assumed to be hard wired
to Vop. If only a low state is obtained, the input is as-
sumed to be hard wired to Vss. If both a high and a
low can be forced at an input, it is assumed to be
open and is encoded as such.

The transmit sequence is enabled by a logic zero on
the TE input. Thisinput has aninternal pullup device
so that a simple_switch may be used to force the
inputlow. While TE is high the encoder is completely
disabled, the oscillator is inhibited and the current
drain is reduced to quiescent current. When TE is
brought low, the oscillator is started, and an internal
reset is generated to initialize the transmit se-
quence. Each input is then sequentially selected
and a determination is made as to input logic state.
This information is serially transmitted via the Data
Out output pin.

M145027

The decoder will receive the serial data from the en-
coder, checkit for errors and output data if valid. The
transmitted data consisting of two identical data
words is examined bit by bit as it is received. The first
five bits are assumed to be address bits and must

4/11 -
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be encoded to match the address inputs at the re-
ceiver. If the address bits match, the next four (data)
bits are stored and compared to the last valid data
stored. if this data matches, the VT pin will go high
on the 2nd rising edge of the 9th bit of the first word.
Between the two data words no signal is sent for
three data bit times. As the second encoded word
is received, the address must again match, and if it
does, the data bits are checked against the pre-
viously stored data bits. If the two words of data (four
bits each) match, the datais transferred to the output
data latches and will remain until new data replaces
it. At the same time, the Valid Transmission output
pin is brought high and will remain high until an error
is received or until no input signal is received for four
data bit times.

Although the address information is encoded in tri-
nary fashion, the data information must be either a
one or a zero. A trinary (open) will be decoded as a
logic one.

M145028

This receiver operates in the same manner as the
M145027 except that nine address bits are used and
no data output is available. The Valid Transmission
output is used to indicate that a valid signal has been
received.

Although address information normally is encoded
in trinary, the designer should be aware that, for the
M145028, the ninth address bit (A9) must be either
a one or a zero. This part, therefore, can accept only
2 x 3% = 13.122 different codes. A trinary (open) A9
will be interpreted as a logic 1. However if the trans-
mitter sends a trinary (or logic 1) and the receiver ad-
dress is a logic 1 (or trinary) respectively, the valid
transmission output will be shortened to the R1 x C1
time constant.

DOUBLE TRANSMISSION DECODING

Although the encoder sends two words fo error
checking, a decoder does not necessarily wait for
two transmitted words to be received before issuing
a valid transmission output. Refer to the flowcharts
in Figure 7 and 8.




M145026/7/8

Figure 1 : Encoder Block Diagram M145026.
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Figure 2 : Decoder Block Diagram M145027.
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M145026/7/8

Figure 3 : Decoder Block Diagram M1 45028.
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PIN DESCRIPTION
M145026 ENCODER

A1/D1-A9/D9. These inputs will be encoded and the
data serially output form the encoder.

Vss. The most negative supply (usually ground).
RS, CTC, RTC. These pins are part of the oscillator
section of the encoder. If an external signal source
is used instead of the internal oscillator it should be
connected to the RS input and the RTC and CTC
pins should be left open.

TE. This Transmit-Enable (active low) input will ini-
tiate transmission when forced low. A pullup device
will keep this input high normally.

DATA OUT. This is the output of the encoder that
will present the serially encoded signals.

Vpp. The most positive supply.

M145027/M145028 DECODERS

A1-A5 (M145027) / A1-A9 (M145028). These are
the address inputs that must match the encoder in-
puts A1/D1-A5/D5inthe case ofM145027 or A1/D1-
AO/D9 in the case of M145028, in order for the de-
coder to output data.

D6-D9 (M145027). These outputs will give the infor-
mation that is presented to the encoder inputs
A6/D6-A9/DS9.

Note: Only binary data will be acknowledged, a tri-
nary open will be decoded as logic one.

6/11
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R1, C1. These pins accept a resistor and capacitor
that are used to determine whether a narrow pulse
or a wide pulse has been encoded. The time con-
stant R1 x C1 should be set to 1.72 transmit clock
periods. R1C1 = 3.95 RTC x CTC.

R2/C2. This pin accepts a resistor to Vss and a ca-
pacitor to Vss that are used to detect both the end
of an encoded word and the end of transmission.
The time constant R2 x C2 should be 33.5 transmit
clock periods (four data bit periods). This time con-
stantis used to determine that the Data In input has
remained low for four data bit times (end of transmis-
sion). A separate comparator looks at a voltage
equivalent two data bit times (0.4 R2C2) to detect
the dead time between transmitted words. R2C2 =
77 x RTC x CTC.

VALID TRANSMISSION, VT. This output will go
high when the following conditions are satisfied:

1. the transmitted address matches the receiver
address, and

2. the transmitted data matches the last valid data
received (M145028 only).

VT will remain high until either a mismatch is re-
ceived, or no input signal is received for four data
data bit times.

Vpp. The most positive supply.
Vss. The most negative supply (usually ground).
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Figure 4 : Encoder Oscillator Information.

-

s.em

INTERNAL
ENABLE

88DSM145026/27/28-05

The value for RS should be chosen to be about 2
times RTC. This range will ensure that current
through RS is insignificant compared to current
through RTC. The upper limit for RS must ensure
that RS x 5 pF (input capacitance) is small compared

Figure 5 : Encoder/Decoder Timing Diagram.

This oscillator will operate at a frequency deter-
mined by the external RC network; i.e..

f (Hz)

1
" 23.RTC.CTC
for 1 kHz < <400 kHz

where: CTC = CTC + C layout + 12 pF

RS =2 RTC

RS >20k
RTC>10k

400 pF < CTC < uF

to RTC x CTC.For frequencies outside the indicated
range, the formula will be less accurate. The actual
oscillation range of this circuit is from less than 1 Hz
to over 1 MHz,

MI145026 ENCODER
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DATA OUT (1N 18) | | | | l l
/
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I ! i | :
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Ao sy 5027 AND M145028 DECODERS L
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88DSM145026/27/28-06

Figure 6 : Encoder Data Waveforms (M145026).
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" 150 ns Pulse appears at this point (this does not affect the transmitter/receiver operation).
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M145026/7/8

Figure 7 : M145027 Flowchart.
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THE ADDRESS
PINS?

STORE
THE
4-BIT
DATA

DOES
THIS DATA
MATCH THE PREVIOUSLY
STORED
DATA?

LATCH DATA
ONTO OUTPUT
PINS AND
ACTIVATE VT

HAVE
4-BIT TIMES
PASSED?

HAS
A NEW
TRANSMISSION
BEGUN?

DISABLE VT
ON THE 18t
ADDRESS MISMATCH
AND IGNORE THE
REST OF THIS WORD

DISABLE VT
- ON THE 15t
DATA MISMATCH

YES DISABLE
%

I
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Figure 8 : M145028 Flowchart.
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M145026/7/8

Figure 9 : M145027/M145028 (fmax Vs. Clayout)-
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Clay out (pF) on pins 1-5(M145027): Pins 1-5 and12-15 (M145028)
88DSM145026/27/28-010

Figure 10 : Typical Application.
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M145026/7/8

EXAMPLE R/C VALUES (all resistors and capacitors are + 5 %)
(CTC’ = CTC + 20 pF)

fosc (kHz) RTC cTC RS R1 [ R2 c2

362 10k 120 pF 20 k 10 k 470 pF 100 k 910 pF
181 10 k 240 pF 20 k 10k 910 pF 100 k 1800 pF
88.7 10 k 490 pF 20 k 10 k 2000 pF 100 k 3900 pF
426 10 k 1020 pF 20 k 10k 3900 pE 100 k 7500 pF
215 10 k 2020 pF 20 k 10 k 8200 pF 100 k 0.015 uF
8.53 10 k 5100 pF 20 k 10k 0.02 pF 200 k 0.02 uF
1.71 50 k 5100 pF 100 k 50 k 0.02 uF 200 k 0.1 uF

KYI ?ﬂ%%égﬁ@m@mu@g
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TBA810P

7W AUDIO AMPLIFIER

The TBS810P is an improvement of TBA810S.

It offers:

— Higher output power (R_ = 4Q and 2Q)
— Low noise

— Polarity inversion protection

— Fortuitous open ground protection

— High supply voltage rejection (40dB min.)

The TBAB10P is a monolithic integrated circuit
in a 12-lead quad in-line plastic package, in-
tended for use as a low frequency class B am-
plifier.

The TBA810P provides 7W output power at
16V/482; 7W at 14.4/2Q2.

ABSOLUTE MAXIMUM RATINGS

NOT FOR NEW DESIGN

M
It gives high output current (up to 3A), high ef-
ficiency (75% at 60W output) very low harmonic
and crossover distortion. The circuit is provided
with a thermal limiting circuit and can withstand
a short-circuit on the load for supply voltages
up to 15V.

Findip

Vi Supply voltage

lo Output peak current (non repetitive)
lo Output peak current (repetitive)

Piot Power dissipation at T,mp < 80°C

T <90°C
Tstar Tj Storage and junction temperature

20 v

4 A

3 A

1 w

5 W

-40 to 150 °c

TEST AND APPLICATION CIRCUIT

Vs

=t T

QJuF 100pF
» 15\/“

June 1988

$-2201/2
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TBA810P

CONNECTION DIAGRAM

(Top view)

SUPPLY 1 12
VOLTAGE [ [ oureur
N.C. fl2 1l ~Noc
N. C. I 10[] GROUND
GROUND GROUND
BOOTSTRAP [« 9 [] GROUND
(SUBSTRATE)
COMPENSATION  [|5 8 [l inPuT
RIPPLE
FEEDBACK s 71 REsEcTion
5-0289
SCHEMATIC DIAGRAM
©
QSKAI_A I
_Lf\/q'e Y Q4
4—e -®
D1 D2
1{08
R4 w03 Q15
R10
® - ©
4k
>} PPt
.,/r/' D5 D6 D7
o = ¥
b
[]RS
i e 0
® Q4 QG>|— ¢
o | o ——kGs 1 Aos
B9
® R2 R8 [PRH
$-0290 1 @
THERMAL DATA
Rin j-tab Thermal resistance junction-tab max 12 °c/wW
Rinj-amp  Thermal resistance junction-ambient max 70* °‘c/w

* Obtained with tabs soldered to printed circuit with minimized copper area

2/3
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TBA810P

ELECTRICAL CHARACTERISTICS (Refer to the test circuit: Vy = 144V, T,

otherwise specified)

mp = 25°C unless

Parameter Test Conditions Min. Typ. Max Unit
Vg Supply voltage (pin 1) 4 20
Vo Quiescent output voltage 6.4 7.2 8
(pin 2)
lq Quiescent drain current 12 20 mA
I Input bias current 0.4 MA
Po Output power d = 10% f = 1KHz
R, = 4Q 55 6 w
RL = 20 55 7 w
Vi(rms) Input saturation voltage 220 mV
R; Input resistance (pin 8) 5 Mo
B Frequency response R = 4Q/20
(-3dB) C3 = 820pF 40 to 20,000 Hz
C3 = 150pF 40 to 10,000 Hz
d Distortion Py = 50mW to 2.5W
R = 4Q/2q f = 1KHz 0.3 %
Gy Voltage gain (open loop) RL = 4Q f = 1KHz 80 dB
Gy Voltage gain (closed loop) Ry = 49/2a f = 1KHz 34 37 40 dB
e Input noise voltage _ 2 Vv
- : ° B30 = 4 15,00
in Input noise current B (-3dB) = 40 to 15,000Hz 80 pA
n Efficiency Py = BW R = 40
f = 1KHz 75 %
SVR Supply voltage rejection R =4 Vyipple= 1V,
fripptle = 10Hz 0P TS 4y 48 dB

Fig. 1 - Output power vs.

supply voltage

62346

Fig. 2 - Maximum power
dissipation vs. supply voltage
(sine wave operation)

2350

I Ptot
Ry =560] W)
d=10%
+=1kHz] T
—H 8
N 20
[ il /
- ] » / [ 6
1 [] | y
[ L1, /
- 20 4n L] 4 4
i | | 4 Zin
L » {
] ) b
2
o
0 4 8 2 16 Vg (V) 0 4 8 12 16 Vs (V)

Fig. 3 - Value of C3 vs.
feedback resistance for va-
rious values of B

C3 L

T

3/3

&7, SE3:THOMSON

™

233






KYIW msmg@%é&l@g%@gﬁm?@% TBA810S

7W AUDIO AMPLIFIER

NOT FOR NEW DESIGN

The TBA810S is a monolithic integrated cir- tion. In addition, the circuit is provided with a
cuit in a 12-lead quad in-line plastic package, thermal protection circuit.

intended for use as a low frequency class B
amplifier.

The TBA810A provides 7W power output at
16V/4%2, 6W at 14.4V/4Q, 2.5W at 9V/4Q2, 1W
at 6V/48 and works with a wide range of supply
voltage (4 to 20V); it gives high output current
(up to 2.5A), high efficiency (75%) at 6W out- ORDERING NUMBER: TBA810S
put). very low harmonic and cross-over distor- ’

Findip

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage 20 \%
lo Output peak current (non-repetitive) 3.5 A
lo Output current (repetitive) 25 A
Piot Power dissipation: at T, < 70°C 1 w
at Ty, < 90°C 5 w

Teg T; Storage and junction temperature -40 to 150 °C
TEST AND APPLICATION CIRCUIT

c2

1000uF

15V

F(L

_l_ S-014214

June 1988 1/3
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TBA810S

CONNECTION DIAGRAM

(Top view)

"}
SUPPLY
SUPRLY. I 2] output
N.C. Il2 (] N.c.
N.C. 03 10[] GROUND
N\
GROUND GROUND
BoOTSTRAP  [{4 9 {] GROUND
(SUBSTRATE)
COMPENSATION {5 8 {] NPUT
RIPPLE
FEEDBACK e 7|l Resection

SCHEMATIC DIAGRAM

5-0289

- ! ¢
il
_ ‘—r\%e Q7 Q4
H4—i¢ ©
o1 D2
: &os
[jm o3 a1
R10
R6
®- —{ @
4k
>} Pi——pt
./r/' D5 D6 D7
@— s Q13
Uns
Q.
® _}@r Qg\/l_q oy
m Q9 R7 ——©
ar | a2 —-@3 Qg Ao
A09
o [l] _ R2 RS Rl
) $-02901
THERMAL DATA
Rin jtap  Thermal resistance junction-tab max 12°C/W
Rin jamp  Thermal resistance junction-ambient max 70*°C/W

* Obtained with tabs soldered to printed circuit with minimized copper area.
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236

o1

SGS-THOMSON
MICROELECTRONIGS




TBA810S

ELECTRICAL CHARACTERISTICS (Refer to the test circuit; Tamp = 25°C)

Parameter Test conditions Min. Typ. Max. | Unit
Vg Supply voltage (pin-1) 4 20 \%
Vo Quiescent output voltage (pin 12) 6.4 7.2 8 \Y
lg Quiescent drain current Vg =144V 12 20 mA
Ip Bias current (pin 8) 04 uA
Po Power output d =10%
RL= 4Q
f = 1kHz
V= 16V 7 w
Vg= 144V 55 6 w
Vg= 9V 25 w
Vo= 6V 1 w
Viirms) Input voltage 220 mV
Vi Input sensitivity Py =6W
s = 14.4v
RL= 4Q
f =1kHz
Rf =560 80 mV
Rf =220 35 mV
Rj Input resistance (pin 8) 5 MQ
B Frequency response Vg =14.4V
(-3 dB) R_=4Q
C3=820pF 40 to 20,000 Hz
C3 =1500 pF 40 to 10,000 Hz
d Distorsion Po =50mW to 3W
| s =14.4V
RL=4Q
f =1kHz 0.3 %
G, Voltage gain Vg =14.4V
(open loop) R =40
f =1kHz 80 dB
Gy Voltage gain V¢ =14.4V
(closed loop) Ry =4q
f =1kHz 34 37 40 dB
eN Input noise voltage Vg =14.4V
Rg=0
B (-3 dB) = 20Hz to
20,000 Hz 2 uV
iN Input noise current V¢ =14.4V
B (-3 dB) = 20 Hz to
20,000 Hz 0.1 nA
I'n Efficiency P, =5W
Vs =14.4v
Ry =48
f =1kHz 70 %
SVR Supply voltage rejection Vs =14.4V
R_=4q
fripple = 100 Hz 38 dB
3/3
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TBA820M

MINIDIP 1.2W AUDIO AMPLIFIER

The TBA820M is a monolithic integrated audio
amplifier in a 8 lead dual in-line plastic package.
It is intended for use as low frequency class B
power amplifier with wide range of supply volt-
age: 3 to 16V, in portable radios, cassette re-
. corders and players etc. Main features are:
 minimum working supply voltage of 3V, low
quiescent current, low number of external com-
ponents, good ripple rejection, no cross-over
- distortion, low power dissipation.

ABSOLUTE MAXIMUM RATINGS

Output power: P, = 2W at 12V/8%, 1.6W at
9V/48) and 1.2W at 9V/8).

Minidip Plastic

ORDERING NUMBER: TBA820M

Vg Supply voltage
lo Output peak current
Piot Power dissipation at T,,,= 50°C

Tsg, T;  Storage and junction temperature

16

1.5

1

-40 to 150

o

0=Er<

TEST AND APPLICATION CIRCUITS

Fig. 1 - Circuit diagram with load connected to the

supply voltage
+Vg O— ’ *

) ) 5-3696] 2

June 1988

Fig. 2 - Circuit diagram with load connected
to ground

+Vg O—
100’“.El—|

15V ICZ

ViO*

RI
10KQ h R
100mF

c1 T 6V
_L S—3697|3

* Capacitor C6 must be used when high ripple
rejection is requested,

1/4
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TBA820M

CONNECTION DIAGRAM

(top view)

>
RIPPLE
FREQUENCY
COMPENSATION s]  rexcrion
GAIN SETTING [ 2 7 ] BOOTSTRAP
INPUT [ 3 6 ]SUPPLY VOLTAGE
GROUND [ 4 5 ] OUTPUT
5 -3694/1
SCHEMATIC DIAGRAM
O
Lq T 1 ) 7
07\| sz\l me\l
Qs L A P A +—06
ke
1
' R2 w0 e Q8
55K RS 2K
R1 Q2 05/| - 1 I -05
3 Ql - 8K D3 D4
2K R3 ¥D2 Qls Pi—pt
6K
Q13
Q8 >—K,)‘ﬂ
|
Q3 4 | Qs Q10 Q15
RL '
2K
S-3695/1 l i
[¢) o)
8 2 1 4
THERMAL DATA
Rtn j-amb Thermai resistance junction-ambient max 100 °C/W
2/4 ‘_ SGS-THOMSON
Y/, MICROELECTRONIGS
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TBA820M

ELECTRICAL CHARACTERISTICS (Refer to the test circuits V= 9V, Tomp= 25°C unless

otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vs Supply voltage 3 16 \%
Vo Quiescent output voltage (pin 5) 4 45 5 \%
lq Quiescent drain current 4 12 mA
I Bias current (pin 3) 0.1 BA
Po Output power d=10% f=1kHz
R¢= 1200
V=12V R =8Q 2 w
‘ V=9V R, =4Q 1.6 w
; V=9V R_=80 09 1.2 w
: Vg=6V Ry =4Q 0.75 w
V=35V Ry =4Q 0.25 w
R;j Input resistance (pin 3) f=1kHz 5 MQ
B Frequency response (-3 dB) R =8Q Cg= 680 pF 25to 7,000
Cs = 1000 puF Hz
R¢= 1200 Cg= 220 pF 25 to 20,000
d Distortion Po=500 mw R¢= 330 0.8
R, =8Q %
f=1kHz Rs=120Q 0.4
Gy Voltage gain (open loop) =1 kHz R_=8Q 75 dB
Gy Voltage gain {(closed loop) R =80 R¢= 330 45
dB
f=1kHz R¢= 12092 34
en Ihput noise voltage (*) 3 uVv
iN Input noise current () . 0.4 nA
S+N . . . _ _
~N Signal to noise ratio () Po=1.2W R1=10KQ 80
R, =80 dB
G,=34dB R1=50 kQ 70
SVR Supply voltage rejection R =8
(test circuit of fig. 2) f (ripple) = 100 Hz
C6= 47 uF
R¢= 1200 42 dB

() B =22 Hz to 22 KHz

R 3/4
&7, 352 THOMSON
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Fig. 3 - Output power vs.

supply voltage

Fig. 4 - Harmonic distortion

Fig.5-Power dissipation and
efficiency vs. output power
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Fig. 8 - Frequency response
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Fig. 11 - Quiescent current
vs. supply voltage
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FM-IF HIGH QUALITY RADIO SYSTEM

EXCEPTIONAL LIMITING SENSITIVITY ® DIRECT DRIVE OF FIELD STRENGTH
VERY LOW DISTORTION (0.1% - DOUBLE METER

TUNED DETECTOR COIL) The TCA3189 is a monolithic integrated circuit
® |MPROVED S/N RATIO in a 16-lead dual in-line plastic package, which

provides a complete subsystem for amplification
¢ EXTERNALLY PROGRAMMABLE AUDIO ot 10.7MHz FM signal in Hi-Fi, car-radios and

communications receivers.
® ON CHANNEL STEP FOR SEARCH CON-
TROL

' ® PROGRAMMABLE AGC VOLTAGE AND
i AFC FOR TUNER

® [INTERCHANNEL MUTING (SQUELCH)
® DEVIATION MUTING
® DIRECT DRIVE OF TUNING METER

DIP-16 Plastic
(0.25)

ORDERING NUMBER: TCA3189

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage - 16 \%
lo Output current (from pin 15) . 2 mA
Piot Total power dissipation at T, < 70°C 800 mW
Tetg Storage temperature -55 to 150 °C
Top Operating temperature -25to 85 °C

Double tuned detector coil

Vg +12V

22uH

0.05uF

J_l?mf
I

~ AUDIO
ouTPUT

001LF
10.7MHz
weutT - G— EEE s 10 7
SIGNAL

510

002

F
H oo |, c
F
» B4 1w 15 13 5 12.

47

w
—
o
>
«
@
©w
o

T0
PIN13

S-3285N

June 1988 1/4

243



TCA3189

CONNECTION DIAGRAM

(top view)
S
DELAYED
IFaneuT 161 G conTROL
DELAYED
BYPASS gz 5 H aC ouTPUT
BYPASS k] 14 ] GROUND
FIELD STRENGTH
GROUND [ 13 RERDS
MUTE INPUT []5 12 {] MUTE OUTPUT
AUDIOOUTPUT[]6 11 [} SUPPLY VOLTAGE
AFC OUTPUT []7 10[] REF, BIAS
QUAD QUTPUT[]8 9[1 QUAD.INPUT
$-3286
|
|
BLOCK DIAGRAM
me=sn
Vs | ! ¢ =100pF
22 uH 1oLl
ﬁ\‘[_‘laAUDTRATURE
.S | REFERENCE BIAS
TO INTERNAL 3.5K —
REGULATORS ourt(s el 10 BZK0
AFC
IF | MEAMPLFER ™ T T T R I it iy AMPL. AFC [ska
P 1 ST 1€ 2ND ¢ 3RD [ | QUADRATURE] outPUT
| amepc. AMPL. ampL. [ DETECTOR |
f N I ] auoi0
| DECODER | [oev- AMPL. o0
20nF 2onF] | ;o I'iation out
: | LEVEL LEVEL LEVEL | | LEVEL | MUTE )
: DETECTOR DETECTOR DETECTOR | : DETECTOR : LOGIC AUDIO
| MUTE
e 1‘7‘“—‘}_*J it b (SQUELCH) zzmg‘gL'NG
] CONTROL +— S
DELAYED DELAYED TUNING MUTE (SQUELCH) AMPL.
AGC FOR 1 e acc METER DRIVE
RE AMPL CIRCUIT CIRCUIT
| FRAME  SUBSTRATE I
150uA TO STEREO 0.33uF]
METER 3KO TUNING METER THRESHOLD | I
OUTPUT LOGIC CIRCUITS
ON CHANNEL
INDICATOR 5-3858
(PIN.12)
2/4 ‘—YI SGS-THOMSON
' MICROELECTRONICS
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TCA3189

THERMAL DATA

Rin jamp  Thermal resistance junction-ambient max. 100 °C/W

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V; = 12V, T,mp= 25°C)

Parameter Test conditions Min, Typ. Max. Unit
Vg Supply voltage range 9 16 \%
lg Supply current 20 31 44 mA
\21 Voltage at the IF amplifier input 1.2 1.9 24 \%
No signal input, non muted
V,,V3  Voltage at the input bypass 1.2. 1.9 24 \%
Vis Voltage at the pin 15 (RF AGC) 7.5 9.5 11 \Y
Vio Reference bias voltage 5 5.6 6 \
Vi Input limiting voltage (-3 dB) fo =10.7 MHz
atpin 1 fm=1KHz
Af=+ 75 KHz 12 25 v
Vo Recovered audio voltage (pin 6) V=50 uVv
fo = 10.7 MHz
fm=1KHz
Af=+ 75 KHz 325 500 650 mV
B : 5 o,
d Distortion (single tuned) Vi>1mv 0.5 1 %
o fo = 10.7 MHz .
d Distortion (double tuned) fn=1 KHz 0.1 %
=+
SN Signal to noise ratio Af=T75KHz 65 72 dB
AMR Amplitude modulation rejection Vi=100mV
fo = 10.7 MHz
fm =1 KHz
Af=+75KHz
AM mod. 30% 45 55 dB
Vie RF AGC threshold 1.26
Aly AFC control sl 1.9 LA
7 control slope o
Vio On channel step (deviation mute) V; =100 mV fpev. < 0 v
+ 40 KHz
fo=107MHz | fpey. >
+ 40 KHz 56 v
Ly7 SGS-THOMSON 34
w MICROELECTRONICS
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TCA3189

TEST CIRCUIT

Fig. 1 - Single tuned detector coil
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WET 00,
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4 1 15

47k

CH,L'O'JF

Fig. 2 - Limiting and noise Fig. 3 - Deviation mute
characteristics threshold vs. Ry.19
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Fig. 5 - AFC characteristics Fig. 6 - AGC voltage for FM
tuner vs. input level
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