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CANAUX DE TELEVISION

Télécom 2B S-01

NDAOAWN =

TF1

France 2

France 3

Arte/La Cinquieme
M6

Télécom 2A S-02

4
10

Canal+ sans décodeur*
Canal+ avec décodeur*

Bloomberg TV All.
Disc. Home & Leisure”

TV Shop/Sky Cin*/Sky Tra® 11127V /7,028

Film Four*

RacmgChatL'lSkyBoxz" 10877V /7,028

UK leing { Fant. Chan*
Challenge TV*

Zee TV*

TV Travel Shop
Trouble*/Bravo”
JSTV*/NHK

12690V / 5,860M Francais
12564V /5,80M Frangais
12732V} 5,80M Francais
126068V / 5,80M Frangals
12522V /5,80M Frangais

12648V /7,025 Frangais
12848V /7,025 Francais

10714H / 7,56M AlFra

11023H /7,025 Anglais

10729V /7,028 Anglas

11627V /17,02S Anglais

11269V /7,02M Anglais

11612H/7,028 Ang/All

H377IV/7,02S Anglais

11038V /7,028 Anglais

10714H /7,02S Atlemand
10758V /7,025 Allemand
11009V /7.02S Allemand
10908V /7,028 Allemand
10836V /7.028 Allemand
10964H /7,028 Allemand
11053H /7,028 Allemand
11112H/7,02S Allemand
11141H/7,025 Allemand
1186V /7,028
112141 /7,025
11229v 17,028
11259V [ 7,20M
11273H 17,028
11288V 17,028
113324 /7,028
11347V /7,028
11391H/7,02S
11408V / 7,028
11494H / 7,028
11523H/7,028
11582H /7,028
11641H /7,028
10891H /7,028
11068V /7,028
11686V /7,025
11656V /7,025
10818V /7,028
11082H 17,028

10862H /7,028

10921H /7,025
10979V /7,025
10994H /7,025
10788V /7,02S
10994H /7,028
11097V /7,025

éﬁéﬁﬁé§§§€§§§§§§§§§§§§§§§

10773H/7,02S Chinols/Japon.

Nickelodeon*/Paramount” 11156V /7,028 Anglais

Sky Sports 2*

11171H/7,025 Anglals

Granada +"/Men & Motors* 11244H /7,025 Anglais

Fox Kids Net.*/Nat.
One*

MTV UK~

Sky Movie Max
Sky Premier
Sky Sports 1°
VH1*

UK Gold*
Sky Soap'
Disney Ch."/Sky Off. 1*

Geogr." 11303H /7,025 Anglais

11318V/7,025 Anglais
11421H/7,025
11436V /7,028
11478V /7,025 Anglais
11508V /7,028
11538V /7,028 Anglais
11553H /7,028

i

§

*MMist.*,Sci-Fi Ch.* 11568V /7,028 Anglais

11597V /7,025 Anglais

Sky Sports 3*/Playboy Ch.* 11671H /7,028 Anglas

HOTBIRD S-04
00 Arte/La Cinquieme

Euteisat 10°E S-06
162 NTV

163 TGRT

164 interstar

165 RTS SatPink TV

Turksat 42°E $-07
170 ATV

171 Ciné 5°/Playboy TV*
172 Show TV

173 TRTY intemational
174 Kanal7

175 BRT

176 EuroD

177 Super Sport | Maxi TV

Sirius Il 4,8°E S-09
180 Cyprus SAT

11079V /7,025
11322V / 6,60M
10330H / 7.38M
11390H / 7,02M
11114V /7,028
10930H / 7,02M
11079V /7,388
11390H / 7,20M
1163v/7.02S
11178H/7,028
11148H /7,028
11363V /7,025
11448V /7,028
11530V /7,028
10853H / 6,60M
10974H / 6,65M
11224H 7 6,60M

11431H/ 6,60M
11474H /7,025
11488V /7,028
11086H /7,028
11566H /7,028
11747H / 6,65M
10948V / 6,60M
11727V 1 6,60M
12437H / 6,60M
12284H 7 6,60M
10815H / 8,50M
12130H / 6,60M
11280V /7,02M
11010H / 7,28M
11585V 7 6,60M
11405V /7,028
1516H /1 7,02M

11575H / 6,60M
10972V / 6,60M
11449H / 6,60M
11095V / 6,60M
11516V 16,60M
11554V 1 6,60M
11509V / 6,60M
11474V / 6,65M
11163H/6,60M
11178V /6,65M
11178V / 6,50M

10987H / 6,65M
11095V /6,65M
11178V / 6,65M
11596H / 6,60M

10965V / 6,65M
11006V / 6,65M
11048V / 6,60M
11083V / 6,65M
11142V /6,65M
11516V /6,65M
11564V / 6,65M
11683V / 6,65M

12265H / 6,60M

Canaux pour Terminal numérique
Kanalen voor numericke Terminal

199 Numérique Astra
200 Numérique Hot Bird

Premi_re* 11464H / 7,02S Allemand
Teleciub® 10803H /7,025 ABemand
Sky Gra."/Sky Box 4° 10847V /7,025 Anglais
Christian Channet 11568V /7,025 Anglais  Chaines cryplées.
Screen Shop*UK horizz ~ 10832H /7,025 Anglais :
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LM124, LM124A, LM224, LM224A

LM324, LM324A, LM324Y, LM2902, LM2902Q

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 — REVISED FEBRUARY1997

Wide Range of Supply Vo|tages; LM124,LM124A ... JOR W PACKAGE
Single Supply...3Vto30V ALL OTHERS ... D, DB, N OR PW PACKAGE
(LM2902 and LM2902Q (TOP VIEW)

3 V to 26 V), or Dual Supplies soutq] 1 U 1 h 40UT
® | ow Supply Current Drain Independent of 1N 2 13[] 4IN—

Supply Voltage . .. 0.8 mA Typ 1N+[] 3 12[] 41N+

¢ Common-Mode Input Voltage Range veella  njJGND
includes Ground Allowing Direct Sensing 2IN+[l 5 10[1 31N+

Near Ground 2lN-—E 6 of} 3IN—-

® Low input Bias and Offset Parameters: 20UT([] 7 8] souT
Input Offset Voltage . .

.3mV1yp
A Versions ...2 mV Typ

Input Offset Current.. .2 nA Typ LMmi2d, LM::;: V'E;)K PACKAGE
Input Bias Current ... 20 nA Typ
A Versions. .. 15 nA Typ z":o'ao'gé
¢ Differential input Voltage Range Equal to F-Z3 3
Maximum-Rated Supply Voltage .. .32V 4 '5"';""1'"2_(;';_9'
(26 V for LM2902 and LM2902Q) 1IN+ [] 4 18[] 4IN+
® Open-Loop Differential Voltage NC {5 17[J NC
Amplification . . . 100 V/imV Typ Vec e 16[] GND
® Internal Frequency Compensation 2::& ::ll : :il: ;(:H
description 1—91 :1:11:1—"; 3

an-[]

These devices consist of four independent
high-gain frequency-compensated operational
amplifiers that are designed specifically to operate
from a single supply over a wide range of voltages.
Operation from split supplies is also possible
when the difference between the two supplies is
3Vito 30V (for the LM2902 and LM2902Q, 3V to

2IN-

20uT 12
NC

30UT

NC — No intemal connection

symbol (each amplifier)

26 V) and Vi is at least 1.5 V more positive than IN- -

the input common-mode voltage. The low supply our
current drain is independent of the magnitude of IN+ .

the supply voltage.

Applications include transducer amplifiers, dc amphﬁcanon blocks, and all the conventional operational
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example, the
LM124 can be operated directly from the standard 5-V supply that is used in digital systems and easily provides
the required interface electronics without requiring additional +15-V supplies.

The LM2902Q is manufactured to demanding automotive requirements.

The LM124 and LM124A are characterized for operation over the full military temperature range of —55°C to
125°C. The LM224 and LM224A are characterized for operation from —25°C to 85°C. The LM324 and LM324A
are characterized for operation from 0°C to 70°C. The LM2902 and LM2902Q are characterized for operation
from —40°C to 125°C.

PRODUCTION DATA information is current as of Copyright © 1997, Texas Instruments Incorporated

‘UTEXAS
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 - REVISED FEBRUARY1997

AVAILABLE OPTIONS
PACKAGED DEVICES
TA Vipmax SMALL S\:JE::L CHIP CERAMIC PLASTIC TSSOP FLAT FCOHF:;
AT 25°C OUTL%NE OUTUNE | CARRIER DIP DIP PW PACK m
(D) (0B} (FK) 0] N) w)
0°Cto 7mVv LM324D LM324DBLE — — LM324N LM324PWLE - oy
70°C 3mv | LM324AD - - - LM324AN | LM324APWLE | — LM32
—25Clo| 5mv | LM224D — — - LM224N - -
85°C 3mvV | LM224AD — - - LM224AN - — -
-40°C to LM2902D - — LM2902N —
125°C 7mV LM2902D0BLE _ _ N LM2902PWLE _ —
-55Cto | Smv - - IMI24FK | WMi24) | — — LM124W
125°C 2mV —_ —_ LM124AFK | LM124A) | — —
tThe D package is available taped and reeled. Add the suffix R to the device type {e.g., LM324DR).
1 The DB and PW packages are only avallable left-end taped and reeled.
schematic (each amplifier)
&- & & & vcc
- s—"A -~ s-uA - 1m.’| A
Current Current Current
Regulator Regulator Regulator
<
4
£
—— OUT
T R
' >
IN+ . -
’_—L( Current
< Regulator
/78—4 '_57 177 /77 oND
Yo Other
/7 Amplifiers
COMPONENT COUNT
(total device)
Epi-FET 1
Transistors 95
Diodes 4
Resistors 1
Capacitors 4
.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 - REVISED FEBRUARY1997

LM324Y chip information

This chip, when properly assembled, displays characteristics similar to the LM324. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
=% Vees
= E Iﬁ F-l E N (_2)_ 5) 10UT
: = = or 0 T ™
= -I—I l_' 3IN —: T
= a9 A2 an
=62 || ﬁ:l S — LV* (1) (1))
:: . - f GND
- {ij i b
= —P% b m CHIP THICKNESS: 15 TYPICAL
= - g _ | BONDING PADS: 4 x 4 MINIMUM
= ] ' [ = f a T max = 150°C
= aiiim B TOLERANCES ARE + 10%.
=¥ » — ALL DIMENSIONS ARE IN MILS.
. 65
PEECE PRI PIRR R PR R D e p e ppp g T ) IS INTERNALLY CONNECTED
i BEP Metler de l'éieétronique ‘ . Sessi(_m 2004
|[EP1 17 partie Dossier Ressource
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E— SEPTEMBER 1975 — REVISED FEBRUARY1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

124,
oz, Luzoen | ez, |
LM324, LM324A
Supply vollage, Vo (see Note 1) 32 26 \
Differential input voltage, Vip (see Note 2) +32 126 \
input voltage, V| (either input) -0.31032 -031t026 Vv
on of " h P
3;220?50\/0(1:5:1;021 ;:arcuit (one amplifier) to ground at (or below) Tp = 25°C, unlimited unlimited
Continuous total dissipation See Dissipation Rating Table
LM124, LM124A -551t0 125
Operating free-air temperature range, TA LM224, LM224A 251088 °C
LM324, LM324A 01070
LM2902, LM2902Q ~401to 125
Storage temperature range -6510 150 -65to 150 °C
Case temperature for 60 seconds FK package 260 *C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J or W package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D, DB, N, or PW package 260 260 °C

TSv&csesbeymmoseustedmda%bSdUNmaﬁtnummﬂngs’mymepemmmtdmagemmedevice.‘l’hesearestmssratingsomy,and
functional operation of the device at these or any other conditions beyond thoss indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoitage values (except differential voltages and V¢ specified for the measurement of log) are with respect to the network GND.
2. Differential vollages are at IN + with respect to IN —,
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE
PACKAGE TA <25°C DERATING DERATE TA=70°C Tao=85°C Ta =125°C
POWER RATING FACTOR ABOVETA POWERRATING POWERRATING POWER RATING
D 900 mW 7.6 mWPC 32°C 611 mW 497 mW NA
DB 775 mW 6.2mWrC 25°C 496 mW 403 mwW NA
FK 900 mW 1.0 mwWrC 68°C 878 mW 713 mwW 273 mW
J(LM124_) 900 mW 11.0 mWrC 68°C 878 mW 713 mwW 273 mW
J (alt others) 900 mW 8.2 mWrC 40°C 654 mW 531 mwW NA
N . 900mW 9.2 mWrC 52°C 734 mW 596 mW NA
PW 700 mW 5.6 mW/°C 25°C 48 mW 364 mW NA
w 900 mW 8.0 mWrC 3rc 636 mW 516 mW 196 mW
|[BEP Métier de I'électronique _ Session 2004
EP1 1% partie Dossier Ressource
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electrical characteristics at specified free-air temperature, Voc = 5§ V (unless otherwise noted)

PARAMETER t 3 LM124, LM224 LM324 LM29802, LM2902Q
TEST CONDITIONS TA MIN _ TYP¥ MAX| MNIN TVPS MAX| MIN TS max| UNT
Voo =5 V1o MAX, 25°C 3 5 3 7 3 7
Vio Input offset voltage VIC = VicRmin, Vo= 14V Fullrange 7 o 0 mv
I Input offset t \'/ 14V 25 2 ol 2 %0 2 50
nput offset curren = 1.
o P ° Full range 100 150 wo| ™
\ Inout bi .cu . Ve s 1.4V 25°C | -20 -150 -20 =250 -20 -250
nput bias curre =1,
18 P " o Full range =300 -500 =500 nA
Oto Oto Oto
a5°C vVee- Vec- vee-!t
Common-mode input 15 1.5 5
V| =5VioM
ICR voltage range Vee =5V o MAX oto Oto oo v
Fuii range V(;c-2 V(:(';-2 Vee-2
Vee- Vee-
RL =2k 25°C TS 15
o Vee-1
VOH High-lavel output voltage AL =10kn 25°C ce 5 v
Voo = MAX, R =2k Full range 26 26 22
Voo = MAX, R 210k Full range 27 .28 27 28 23 24
VoL Low-level output voltage RLs10kQ Full range 5 20 5 20 5 20 mV
Large-signal differential Vec=15V,Vo=1Vie 11V, 25°C 50 100 25 100 100
Avo voltage amplification R =22k Full range 25 15 15 vimv
CMRR Common-mode rejection ratio | Vic = Vjcpmin 25°C 70 80 86 80 50 80 d8
Supply-voltage rejection ratio . ’
kSVR (aVee/avio) 25°C 85 100 65 100 50 100 da
VO1/Vo2 Crosstalk attenuation f= 1 kHz to 20 kHz 25°C 120 120 120 dB
Voo =15 v, Vip=1V, 25°C -20 -30 -80 -20 -30 =60 -20 -30 -60
Vo=0 Full range -10 -10 -10 A
o Output current Veg =15V, Vip==-1V, 25°C 10 20 10 20 10 20 m
Vo=15V Full range 5 5 5
Vip=-1V, Vo=200mv | 25°C 12 30 12 30 30 A
los Short-circuit output current éﬁ :‘li\sl‘v Vo=0 25°C $40 160 +40 +60 +40 +60 mA
: Vo=25V, No load Full range 0.7 1.2 0.7 1.2 0.7 1.2
Icc Supply current (four amplifiers) | Vee = MAX, mA
Ve 05Voe,  Noload Full range 14 3 1.4 3 14 3

t All characteristics are measured under

and LM2902Q, 30 V for the others.

% Full range is ~55°C to 125°C for LM124, -25°C 10 85°C for LM224, 0°C 10 70°C for LM324, and -40°C t0 125°C for LM2902 and LM2902Q.

§ All typical values are at Tp = 25°C.

open-loop conditions with zero common-mode input voltage unless otherwise specified. MAX Ve for testing purposes is 26 V for LM2902

0 31dNAQYND
VHZEWT ‘bZEWT

- S§461 Y38W3A1d3S -~ 3990SO1S

V TYNOLIV¥3d
20621 ‘AVZEWT]
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electrical characteristics at specified free-air temperature; Voc = 5 V (unless otherwise noted)
LM124A LM224A LM324A
PARAMETER TEsT conomonst Ta¥ N el max| WN TPl wax| wn tves  wmax] UNT
- ) 25C 2 2 3 2 3
Vio Input offset voltage \\;%C- Vsl:l;;‘?‘? Vv o=14V Fullrange " " s mv
25°C 10 2 15 2 30
lio Input offset current Vo=14V Fulrange 0 v 78 nA
25°C -50 -15 -80 -15 -100
s Input bias current Vo=14V Fulirange ~300 ~100 ~200 nA J
25°¢ Oto Oto Oto
Common-mode input Vee-15 Vco-1.5 Vee-15
VICR Voo =30V v
voltage range Full rangs Oto Oto Oto
Vee-2 Vee-2 Veg-2
A =2kQ 25°C Vee-1.5 Vee-1.5 Vee-1.5
VoH High-level output voltage Vec=30V, R =2k Full range 28 26 26 v
Ve =30V, @O k2 Full range 27 27 28 27 28
VoL Low-level output voltage RL<10kQ Full range 20 5 20 5 20 mv
o e diewid Jyoo s eWNom VT rarge | s : .
CMRR Common-mode rejection ratio Vic = Vicrmin 25°C 70 70 80 85 80 dB
KSVR (s:\;; gg}‘z“’}";‘;’ rejection ratio 25°C 85 65 100 65 100 a8
Vo1/Voz Crosstalk attenuation {= 1 kHz to 20 kHz 25°C . 120 120 120 dB8
Vog=15V, Vip=1V, 25°C -20 -20 -30 -80 -20 =30 -60
Vo=0 Fullrange | -10 -10 -10
o Output current Vee=15V. Vip==1V, 25°C 10 10 20 10 20 mA
Vo=15V Full range 5 5 [
Vip==1V, VO = 200 mV 25°C 12 12 30 12 30 HA I
los Short-circult output current xgc-;«sv. GNOa=SV. 1 a5 $40 60 +40 160 t40 60| ma
Vo=2asyV, No load Full range 0.7 1.2 0.7 1.2 07 1.2
Ice Supply current (four amplifiers) \r:gcl;:dao v, Vo=15V, Fullrange 1.4 3 14 a 1.4 a mA

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
¥ Full range is -55°C to 125°C for LM124A, -25°C to 85°C for LM224A, and 0°C 10 70°C for LM324A.
§ Al typical values are at Ta = 25°C.
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SO66E — SEPTEMBER 1975 — REVISED FEBRUARY 1997

electrical characteristics, Vge =5 V, Tp = 25°C (unless otherwise noted)

LM324Y
1]
PARAMETER TEST CONDITIONS NP TaRx] UNT
Vio Input offset voltage 3 71 mv
o Input offset current Veec=5Vio MAX, Vic=Vicrmin, Vp=14V 2 50 nA
s Input blas current -20 -250 nA
Common-mode input voltage _ Oto
vlCH range Vcc-SVtoMAX vcc_15 \
VoH High-level output voltage R =10kQ Vece-1.5 v
VoL Low-level output voltage AL S 10 kQ 5 20 mvV
differential
A Large:sioﬂa'mﬁm Veg=15V, Vo=1Vio11V, R 22ka 15 100 V/mv
CMRR Common-mode rejection ratio Vic = Vicrmin 65 80 dB
Supply-voltage rejection ratio
VR (aVeeiavio) 6 100 a8
Vee=15Y, Vip=1V, Vo=0 -20 -30 —60
o Output curent Vec=15V, Vip=-1V, Vo=15V 10 20 mA
Vip=1V, Vo =200 mV 12 30
los Short-circuit output current Vccat5V, GND at-5V, Vo=0 40 60| mA
Vo=25Vce. No load 0.7 12
current (four amplifi mA
lcc  Supply ¢ o) Noo=MAX, Vo=05Vco,  Noload 11 3

TMMMmWWWWWmmMWMMW.WVCCM
testing purposes is 30 V.
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IMPORTANT NOTICE

Texas instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tideems necessary to support this warranty. Specific testing of ali parameters of each device is not necessarily
performed, except those mandated by govemment requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. T1 does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of T} covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
~ party's products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright ® 1999, Texas Instruments Incorporated
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