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3A POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT UP TO 3A

LARGE COMMON-MODE AND DIFFERENTIAL
MODE RANGES

SOAPROTECTION
THERMAL PROTECTION
m + 18V SUPPLY

Pentawatt ©

DESCRIPTION

The L165 is a monolithic integrated circuit in
Pentawatt(] package, intended for use as power
operational amplifier in a wide range of applica-
tions, including servo amplifiers and power sup-
plies. The high gain and high output power
capability provide superiore performance wherever
an operational amplifier/power booster combina-
tion is required.

ABSOLUTE MAXIMUM RATINGS

ORDERING NUMBER : L165V

Symbol Parameter Value Unit

Vs Supply voltage +18 \%

Vs V4 | Upper power transistor Vce 36 \

V4 V3 | Lower power transistor Vce 36 \
Vi Input voltage Vs

\ Differential input voltage + 15 V

lo Peak output current (internally limited) 3.5 A

Ptot Power dissipation at Tcase = 90°C 20 W

Tstg, Tj | Storage and junction temperature -40 to 150 °C

APPLICATION CIRCUITS

Figure 1. Gain >10. Figure 2. Unity gain configuration.
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L165

PIN CONNECTION (top view)
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Tab connected to pin 3
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SCHEMATIC DIAGRAM
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THERMAL DATA
Symbol Parameter Value Unit
Rth-j-case Thermal resistance junction-case max 3 °CIW
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L165

ELECTRICAL CHARACTERISTICS

(Vs =+ 15V, Tj= 25 °C unless otherwise specified)

Symbol Parameter Test Conditions Min.  Typ. Max. nit
Vs Supply Voltage +6 +18 \%
Iq Quiescent Drain Current 40 60 mA
Ib Input Bias Current Ve=1=+ 18V 0.2 1 HA

Vos Input Offset Voltage 2 +10 mV
los Input Offset Current +20 [£200| nA
SR Slew-rate Gv=10 8
V/us
Gy=1(° 6
Vo Output Voltage Swing f=1kHz Ih=0.3A 27 vV,
h=3A 24 PP
f=10kHz b =0.3A 27 v
lb=3A 23 PP
R Input Resistance (pin 1) 100 500 KQ
f=1KHz
Gy Voltage Gain (open loop) 80 dB
e Input Noise Voltage 2 \%
N P 9 B =10 to 10 000 Hz s
iN Input Noise Current 100 pA
CMR Common-mode Rejection Rg < 10 KQ Gy=30dB 70 dB
SVR Supply Voltage Rejection Rg =22 KQ Gy=10 60 dB dB
Vripple = 0.5 Vims
fripple = 100 Hz dB Gy = 100 40 dB
Efficiency f=1kHz lp=1.6A; Po =5W 70 %
RL.=4Q
lp=3A; P, =18W 60 %
Ted Thermal Shut-down Case Pot =12 W 110 oc
Temperature
Ptot =6 W 130
3/9
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L165

Figure 3. Open loop frequency response.
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Figure 5. Large signal frequency
response.
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Figure 4. Closed loop frequency response
(circuit of figure 2).
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Figure 6. Maximum output current vs.
voltage [VCE] across each output
transistor.
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Figure 8. Maximum allowable power
dissipation vs. ambienttemperature.
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L165

Figure 9. Bidirectional DC motor control with TTL/CMQOS/  uP compatible inputs.
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Figure 10. Motor current control circuit with external power transistors (| motor > 3.5A).
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Note : The inputvoltage level is compatible with L291 (5-BIT D/Aconverter).
The transfer function is : 1w = R4
i Rx R3
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L165

Figure 11. High current tracking regulator. Figure 12. Bidirectional speed control of DC

motor (Compensation networks not shown).

S-avian -]

A: for+18< Vi 32
Note : V; must be chosenin order to verify
2 Vi-V; < 36V

D1,D2:

‘ VF<12V @Il =2A

w

li
1
e L o v,
iD= ] 4 m™a ¥o s3talv- a1 ]
T pL ZA
. OC MOTOR
—
ALY
TACHO
v, O—

-4 37021

tr <500 ns
B: for Vi<+ 18V
Figure 13. Split power supply.
O— 4 * -+ O+vo
T
. 47,uF
Vi 100 TN,
+B 1o 436V B L Vpsth 1o £1BY
/3 10
47 puf
LTH L O.ZZPFT T
-V
O 5-%374n -0 e

6/9 E SGS-THOMSON

MICAYEL EETRERICS




L165

Figure 14. Power squarewave oscillatorwith independent adjustments for frequency and duty-cycle.
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L165

PENTAWATT PACKAGE MECHANICAL DATA

DIM. mm inch

MIN. TYP. MAX. MIN. TYP. MAX.
A 4.8 0.189
C 1.37 0.054
D 2.4 2.8 0.094 0.110
D1 1.2 1.35 0.047 0.053
E 0.35 0.55 0.014 0.022
F 0.8 1.05 0.031 0.041
F1 1 1.4 0.039 0.055
G 3.4 0.126 0.134 0.142
Gl 6.8 0.260 0.268 0.276
H2 10.4 0.409
H3 10.05 10.4 0.396 0.409

L 17.85 0.703

L1 15.75 0.620

L2 21.4 0.843

L3 22.5 0.886
L5 2.6 3 0.102 0.118
L6 15.1 15.8 0.594 0.622
L7 6 6.6 0.236 0.260

M 4.5 0.177

M1 4 0.157
Dia 3.65 3.85 0.144 0.152
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L165

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express

written approval of SGS-THOMSON Microelectronics.

0 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - U.S.A.
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DUAL POWER OPERATIONAL AMPLIFIERS

OUTPUT CURRENT TO1 A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE AND DIFFEREN- ‘f/
TIAL MODE RANGE N

GROUND COMPATIBLE INPUTS
s LOW SATURATION VOLTAGE
s THERMAL SHUTDOWN

Powerdip
(8 +8)

DESCRIPTION
The L272 is a monolithic integrated circuits in Pow- Minidip SO16 (Narrow)
erdip, Minidip and SO packagesintended for use as
power operational amplifiers in a wide range of ap-
plications including servo amplifiers and power sup- ORDERING NUMBERS : L 272 (Powerdip)
plies, compacts disc, VCR, etc. ' L272M (Minidip)

The high gain and high output power capability pro- L272D (SO16 Narrow)
vide superior performance whatever an operational
amplifier/power booster combination is required.

PIN CONNECTIONS (top view)

\/
outruT 1 ]! 16 [ 6N NC. [ NC
Ve 2 15 [] sren N.C. [ N T
oureur 2 i3 wfevo jmr=t - oureur H ’ 14 [] mput-1
SUPPLY VOLTAGE | | wPuta
GND 4 13[Jsno suppLY VoLt [} ¢ 1 Jinpure
OUTPUT 2 | inpuT,z
mrut-2 [|s 12]GND OUTPUT 2 [5 12 Jinpyt 42
GND | inpur_2
meute2 |6 1[Jano GhD fs 11 | mput-2
S-ym
meuta |7 1ofJeno nC. ( N.C.
meut- fis QI]GND N.C. [ mC
S5-106T17
5-5905
L272 L272M L272D
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L272

BLOCK DIAGRAMS

L272 L272D L272M
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SCHEMATIC DIAGRAM (one only)
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L272

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Supply Voltage 28 \%
Vi Input Voltage Vs
Vi Differential Input Voltage + Vs
lo DC Output Current 1 A
Ip Peak Output Current (non repetitive) 15 A
Prtot Power Dissipation at:
Tamb = 80°C (L272), Tamb =50°C (L272M), Tcase =90 °C (L272D) 1.2 w
Tcase =75°C (L272) 5 W
Top Operating Temperature Range (L272D) —40to 85 °C
Tstg, T Storage and Junction Temperature — 40 to 150 °C
THERMAL DATA
Symbol Parameter Powerdip S016 Minidip Unit
Rinj-case | Thermal Resistance Junction-pins Max. 15 - *70 °cIw
Rth j-amb Thermal Resistance Junction-ambient Max. 70 - 100 °cIw
Rih j-aumina | Thermal Resistance Junction-alumina Max. - ** 50 - °c/w
* Thermal resistance junction-pin 4
** Thermal resistance junctions-pins with the chip soldered on the middle of an alumina supporting substrate measuring
15x 20mm; 0.65mm thickness and infinite heatsink.
ELECTRICAL CHARACTERISTICS (Vs = 24V, Tamb = 25°C unless otherwise specified)
Symbol Parameter Test Conditions Min.  Tlyp. Max. Unit
Vs Supply Voltage 4 28 \%
Is Quiescent Drain Current Vo = Vs Vs = 24V 8 12 mA
2 yg=12V 75 | 11 | mA
Ip Input Bias Current 0.3 2.5 HA
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
Ri Input Resistance 500 kQ
Gy 0. L. Voltage Gain f= 100Hz 60 70 dB
f= 1kHz 50 dB
en Input Noise Voltage B = 20kHz 10 [\
I Input Noise Current B = 20kHz 200 pA
CRR Common Mode Rejection f= 1kHz 60 75 dB
SVR Supply Voltage Rejection f=100Hz, Re = 10kQ, Vr = 0.5V dB
Vs = 24V 70
Vs =+ 12V 54 62
Vs =+ 6V 56
Vo Output Voltage Swing Ip = 0.1A 23 \%
Ip = 0.5A 21 | 225 \Y
Cs Channel Separation f= 1 kHz; R =10Q, Gy = 30dB dB
Vs = 24V 60
Vs =+ 6V 60
d Distortion f=1kHz, Gy =3 dB, Vs =24V, RL = o 0.5 %
Tsd Thermal Shutdown Junction 145 °C
Temperature
3/10
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L272

Figure 1 : Quiescent Current versus
Supply Voltage
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Figure2 : Quiescent Drain Current versus
Temperature
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L272

Figure 7 :  Channel Separation versus
Frequency
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APPLICATION SUGGESTION

NOTE

In order to avoid possible instability occuring into fi-
nal stage the usual suggestionsfor the linear power
stages are useful, as for instance :

Figure8: Common Mode Rejection versus
Frequency
- 6125
(a8) [T
Vg =24V
80 TR
B g
70 x
60
w0 .'. N
il
40 : i
!
L i }
i
]
© 10 10° 1% f(H2)
- layoutaccuracy ;
- a100nF capacitor corrected between supply pins
and ground;

- boucherotcell (0.1t0 0.2 uF + 1 Q series) between
outputs and ground or across the load.

Figure 9 : Bidirectional DC Motor Control with uP Compatible Inputs

V52

Vg; = logic supply voltage

S-847571
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Figure 10 : Servocontrol for Compact-disc
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L272

Figure 12 : Motor Current Control Circuit.
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Note : The input voltage level is compatible with L291 (5-BIT D/A converter).

Figure 13 : Bidirectional Speed Control of DC Motors.
2R3°R1

For circuit stability ensure that Rx > —Ru where Rwv = internal resistance of motor.
M
. . . Vs 2R°R1
The voltage available at the terminals of the motor is Vm =2 (Vi E-)2— ) + (Ro00Im where ERoD:T
X

and |y is the motor current.
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L272

POWERDIP 16 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
al 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
b1l 0.38 0.50 0.015 0.020
D 20.0 0.787
E 8.80 0.346
e 2.54 0.100
e3 17.78 0.700
F 7.10 0.280
I 5.10 0.201
L 3.30 0.130
z 1.27 0.050
 M—
L = |-
i
- bi
L
Z *IL—b . LL N
- ed | |
D -
(1 riri1iri1ri1r1r1°7r11
® 9
_) "
1 8

I [ N O N N B N N B
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L272

MINIDIP PACKAGE MECHANICAL DATA

mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
bl 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0.260
| 5.08 0.200
L 3.18 3.81 0.125 0.150
Z 1.52 0.060
l
r 1 =
— ‘ — I ]
L ¥ \—]
A
= - bl
B |B1
E
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ed Z
D
11 rmMm
Y
8 5
) w
1 4
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L272

S016 NARROW PACKAGE MECHANICAL DATA
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BIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.069
al 0.1 0.25 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
bl 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45° (typ.)
D 9.8 10 0.386 0.394
5.8 6.2 0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.150 0.050
M 0.62 0.024
S 8° (max.)
L G
aN
)
J_‘“L“ f]
{ I 1 ,
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L272

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica-
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information pre-
viously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or

systems without express written approval of SGS-THOMSON Microelectronics.
0 1995 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - U.S.A.
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LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS

ADVANCE DATA

OUTPUT CURRENT TO1 A

OPERATES AT LOW VOLTAGES

SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE AND DIFFEREN-
TIAL MODE RANGE

LOW INPUT OFFSET VOLTAGE

GROUND COMPATIBLE INPUTS

LOW SATURATION VOLTAGE

THERMAL SHUTDOWN

CLAMP DIODE

DESCRIPTION

The L2720, L2722 and L2724 are monolithic inte-
grated circuits in powerdip, minidip and SIP-9 pack-
ages, intended for use as power operational ampli-
fiers in a wide range of applications including servo
amplifiers and power supplies.

They are particularly indicated for driving, inductive
loads, as motor and finds applications in compact-
disc VCR automotive, etc.

The high gain and high output power capability pro-
vide superior performance whatever an operational
amplifier/power booster combination is required.

POWERDIP
(8+8)

§

MINIDIP
(Plastic)

SIP9

ORDERING NUMBERS :

L2720
L2722
L2724

PIN CONNECTIONS (top views)

ouTRUT 1 l
«

aureur 2 | QUTPUT | | Pt -1

sve SUPPLY YOLTAGE || | mpura

weurz |

OUTPUT 2 | linPuTez

INPUT. 2 (

GND | | BT

weut1

INPUT -1 ( I

L2722

O

—1nruT
———>INPUTH
p— s INPUT+2
= INPUT-2
———GND
——1T 4
———opur2

:3'[5

- N W R A G D

> 0uTPUT!

L2724

S-97LR

April 1993
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BLOCK DIAGRAM

L2720 L2722
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SCHEMATIC DIAGRAM (one section)
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PROTECTION
]
5-9526 —0
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply Voltage 28 \%
Vs Peak Supply Voltage (50ms) 50 \%
Vi Input Voltage Vs
Vi Differential Input Voltage *Vs
lo DC Output Current 1 A
Ip Peak Output Current (non repetitive) 15 A
Piot Power Dissipation at Tamp = 80°C (L2720), Tambp = 50°C (L2722) 1 w
Tcase = 75°C (L2720) 5
Tcase = 50°C (L2724) 10
Tstg, Tj | Storage and Junction Temperature —40 to 150 °c
2/10
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L2720/2/4

THERMAL DATA

SIP-9 Powerdip Minidip
Rtnj-case | Thermal Resistance Junction-case Max. 10°C/w 15°C/W 70°CIW
Rihj-amb | Thermal Resistance Junction-ambient Max. 70°C/W 70°C/W 100°C/wW
ELECTRICAL CHARACTERISTICS
Vs = 24V, Tamb = 25°C unless otherwise specified
Symbol Parameter Test Conditions Min. Typ. Vax. Unit
Vs Single Supply Voltage 4 28 \%
Vs Split Supply Voltage 2 + 14 \%
Vs mA
Vo= — Vs = 24V
s Quiescent Drain Current °T 2 S 10 15
Vs = 8V 9 15
Ip Input Bias Current 0.2 1 MA
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
Rj Input Resistance 500 kQ
Gy O.L. Voltage Gain f = 100Hz 70 80 dB
f = 1kHz 60
e Input Noise Voltage 10
N pu ot g B = 22Hz to 22kHz ad
IN Input Noise Voltage 200 pA
CMR Common Mode Rejection f = 1kHz 66 84 dB
SVR Supply Voltage Rejection f = 100Hz Vs = 24V 70 dB
Re = 10kQ Vs = £12V 60 75
VR = 0.5V Vs = +6V 80
VDROP(HIGH) Vs = #2.5V to £12V  Ip = 100mA 0.7 \Y%
Ip = 500mA 1 1.5
VDROP(LOW) Vs = 2.5V to #12V  |p = 100mA 0.3 \%
lp = 500mA 0.5 1
Cs Channel Separation f = 1KHz Vs = 24V 60 dB
RL = 10Q Vs = 6V 60
Gv = 30dB
Tsd Thermal Shutdown Junction °c
Temperature 145
Figure 1.  Quiescent Current vs. Supply Voltage Flgure2: OpenLoop Gainvs. Frequency
G- 6160 8-§183
la {dB]
[mA)|
1 w0 Vg =24V
70
10 - 60
8 50
5 &0
30
&
20
2 10
0
& B 2 @ 0 2% va(v) 10 10° 16* 105 108 1(Hz)
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Figure 3: Common Mode Rejection vs. Figure4 : Output Swing vs. Load Current
Frequency (Vs =x5V.
G-~ G181 0-6164&
(dB. tv)
L ' I
Vgxt 5V
W = §
[ ——
70
™ 5 K
50 I
NECATIVE
0 4 ]
3
ﬂﬁ Il li
10 107 107 10*  1(HD) 200 <00 500 1LcantmA)
Figure5:  Output Swing vs. Load Current Figure 6 :  Supply Voltage rejection vs.
(Vs=x12V. Frequency
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Figure 7.  Channel Separation vs.
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APPLICATION SUGGESTION

In order to avoid possible instability occuring into fi- boucherotcell (0.1 t0 0.2 iF + 1Q series) be-
nal stage the usual suggestions for the linear power " tween outputs and grodnd or across the load.
stages are useful, as forinstance : With single supply operation, a resistor (1kQ)

- layoutaccuracy ; between the output and supply pin can be

i necessary for stability.
- A100nF capacitorconnected betweensupply

pins and ground;

Figure 8 : Bidirectional DC Motor Control with uP Compatible Inputs

Go— OF2 Vs1 = logic supply voltage
n "®_ 4 Must be Vs2 >Vs1

Ve O
? E1, E2 = logic inputs
5-%931n
Figure9:  Servocontrol for Compact-disc Figure 10 : Capstan Motor Control in Video
Recorders

————

1
E FOCUSING
i

. i
REFLECTED INTEGRATED ! ! ANALOG
B BT e ol s
i r)
i '
S-naryif [ S
S-9477
Figure 11: Motor Current Control Circuit
«28¥
A2% RS
{—
25k0 a2uF 13Ka |
L
Rik n
| K0 E
00 5%
VaO_28Y
RIW R&# RS
o—C+—4+—{ -
36K0 25K0 0K 2%, 5593041
< I%
Note : The input voltage level is compatible with L291 (8 - BIT D/A converter)
(57 SGS-THOMSON 510
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Figure 12 : Bidirectional Speed Control of DC Motors

2R3 .R1

For circuit stability ensurethat Rx > — where Ry = internal resistance of motor.
RM

Vs 2R3-R1
The voltage available at the terminals of the motor isVm =2 (Vi— — ) +|Ro|. Im where |Ro| =
2

Rx
and v is the motor current.

Rx
I 1
Yin Rl
o—{
10KQ 12
C1 e
InF
R2

I 1
1L
10KQ

5-390972

Figure 13: VHS-VCR Motor Control Circuit

:1'> I:EE LDADING MOTOR
[:E@ CASSETTE MOTOR

L293
ur 6-BIT CAPSTAN
2[3 :i:> DAC M L2720 MOTOR
0808
DRUM
8-8IT L >
:i> BIT [ om0 Mworon
0808 r

CAPSTAN TACHD
uP DRUN POSITION

INTER CTL C‘“’
FACE | Rec.pa. VHSZ: - DIS
AEEL w:u:q
TDA | AIGHYT O
B114 | werT Q
REEL. TACHO (J

RS

5-9482
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POWERDIP 16 PACKAGE MECHANICAL DATA

ﬁ -
D fo
e O e e e e e
% 0
B _
1 8
4

I [ NN [ NN [ N N [ N B N I B

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
al 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
bl 0.38 0.50 0.015 0.020
D 20.0 0.787
E 8.80 0.346
e 2.54 0.100
e3 17.78 0.700
F 7.10 0.280
| 5.10 0.201
L 3.30 0.130
z 1.27 0.050
J— F 3
| I
% )
b

ﬁ SGS-THOMSON
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(R SR A E A R e



L2720/2/4

MINIDIP PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
bl 0.204 0.304 0.008 0.012
D 10.92 0.430
7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0.260
| 5.08 0.200
L 3.18 3.81 0.125 0.150
z 1.52 0.060
[ -
r i I~
u i | |
- J
¥ y
A I
= - bl
B | Bl
S I S
, 3 | |z
D
a1 11 M :
8 5
) “
1 4
I Y R

8/10 (37 SGS:THOMSON
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SIP9 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 7.1 0.280
al 2.7 3 0.106 0.118
B 23 0.90
B3 24.8 0.976
bl 0.5 0.020
b3 0.85 1.6 0.033 0.063
C 3.3 0.130
cl 0.43 0.017
c2 1.32 0.052
D 21.2 0.835
di 14.5 0.571
e 2.54 0.100
e3 20.32 0.800
L 3.1 0.122
L1 3 0.118
L2 17.6 0.693
L3 0.25 0.010
L4 17.4 17.85 0.685 0,702
M 3.2 0.126
N 1 0.039
P 0.15 0.006
D C
- ™ c2
-
3 _@_L
P e M |
| L |8 f
: e —
: <
B e e T e e e E
R— . . BN N
< dl HL HL9'J i
- i
’ y
b3 cl
e3
' B
B3 SIP9
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica-
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information pre-
viously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of SGS-THOMSON Microelectronics.

0 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - U.S.A.
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G

LOW POWER QUAD VOLTAGE COMPARATORS

s WIDE SINGLE SUPPLY VOLTAGE RANGE OR
DUAL SUPPLIES FOR ALL DEVICES : +2V TO
+36V OR £1V TO 18V

» VERY LOW SUPPLY CURRENT (1.1mA)

INDEPENDENT OF SUPPLY VOLTAGE
(1.4mW/comparator at +5V) ’
s LOW INPUT BIAS CURRENT : 25nATYP K

» LOW INPUT OFFSET CURRENT : +5nA TYP

» INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

» LOW OUTPUT SATURATION VOLTAGE :
250mV TYP. (lo = 4mA)

» DIFFERENTIAL INPUT VOLTAGE RANGE

EQUAL TO THE SUPPLY VOLTAGE N D
s TTL, DTL, ECL, MOS, CMOS COMPATIBLE DIP14 S014
OUTPUTS (Plastic Package) (Plastic Micropackage)
DESCRIPTION

This device consists of four independent precision
voltage comparators. All these comparators were
designed specifically to operate from a single power
supply over a wide range of voltages. Operation
from split power supplies is also possible.

ORDER CODES

These comparators also have a unique characteris- Part Temperature Package
tic in the fact that the input common-mode voltage Number Range N D
range includes ground even though operated from LM2901 -40, +125°C . .
a single power supply voltage. Example : LM2901D

PIN CONNECTIONS (top view)

Output2 1 14 Output3
Outputl 2 13 Output4
VCC+ 3 12 VCC_

11  Non-invertinginput 4

Non-invertinginput1 5 10 Inverting input4

+
Invertinginput2 6
Non-invertinginput2 7 E

November 1995 1/9

O
O
O
Invertinginput1 4 []
O
O

©

Non-inverting input 3

[oe]

| NN J N [ N [y N Ny I [y

AN

Invertinginput 3

2001-01.TBL
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LM2901

SCHEMATIC DIAGRAM (1/4 LM901)

+
VCC

3.51A 100;»% 3.54A V) 100pA

s e

Non-inverting [ |
Input
VO
1
Inverting r,/
Input
. ! . V..~
L Vec
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage +18 to 36 \%
Vid Differential Input Voltage +36 \%
\ Input Voltage -0.3 to +36 \%
Output Short-circuit to Ground - (note 1) Infinite
Ptot Power Dissipation 570 mw
Toper Operating Free-air Temperature Range -40, +125 °c
Tstg Storage Temperature Range -65, +150 °c

Notes : 1. Short-circuit from the output to Vcc® can cause excessive heating and eventual destruction. The maximum

output current is approximately 20mA, independent of the magnitude of Vec”.

2/ ;N7 SGS-THOMSON
Y G Ustino dios
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LM2901

ELECTRICAL CHARACTERISTICS

Vee = +5V, Ve = GND, Tamb = 25°C (unless otherwise specified)

Symbol Parameter Min. [Typ. Max. Unit
Vio Input Offset Voltage — (note 2) mV
Tamb = +25°C 1 7
Tmin. € Tamb <€ Tmax. 15
lio Input OffsetCurrent nA
Tamb = +25°C 5 50

Tmin. < Tamb < Tmax. 150
lib Input Bias Current (" or I - (note 3) nA
Tamb = +25°C 25 250
Tmin. < Tamb < Tmax. 400
Avd Large Signal Voltage Gain VimV
(Vcc = 15V, RL =15kQ, Vo =1 to 11V) 25 200
lcc Supply Current (all comparators) mA
Vce = +5V, no load 1.1 2
Vce = +30V, no load 13 25
Viem | Input Common Mode Voltage Range - (note 4) \%
(Vce = 30V .
Tamp = +25°C 0 VCC -
Tmin- € Tamb € Tmax. 0 1. 5
Vcc -2
Vig Differential Input Voltage - (note 6) Vee! \%
VoL |Low Level Output Voltage mV
(Vig = -1V, Is.nk = 4mA)
Tamb = +25°C 250 400
Tmin. € Tamb <€ Tmax. 700
loH High Level Output Current ( Vig = 1V)
(Vcc = Vo = 30V)
Tamp = +25°C 0.1 nA
Tmin. < Tamb < Tmax. 1 HA
Isink | Output Sink Current mA
(Vid = -1V, Vo = 1.5V) 6 16
tre Response Time — (note 5) us
(RL = 5.1kQ connected to Vcc') 1.3
Notes : 2. Atoutput switch point, Vo = 1.4V, Rs = 0 with Vcc* from 5Vto 30V, and over the full input common-mode range
(OV to Vec' —1.5V).

3. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially con-
stant, independent of the state of the output, so no loading charge exists on the reference of input lines.

4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more
than 0.3V. The upper end of the common-mode voltage range is Vcc™ —1.5V, but either or both inputs can go
to +30V without damage.

5. The response time specified is for a 100mV input step with 5mV overdrive. For larger overdrive signals 300ns
can be obtained.

6. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains

within the common-mode range, the comparator will provide a proper output state. The low input voltage state
must not be less than —0.3V (or 0.3V bellow the negative power supply, if used).

eI
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LM2901

SUPPLY CURRENT versus

INPUT CURRENT versus

SUPPLY VOLTAGE SUPPLY VOLTAGE
' 80 T
! T Tam=-55C V; =0V ]
g 08— —trm=0c] T [RrR=100 Tamb = 55°C
- __.---—""_ | 5 60 | ! | |
= o T  =+25°C = T o
5 06 P et l z | —Tam=0C
o Tamb = +70°C a4 = °
o a | 40 Tamb= +25°C
S AT i - &
. ~ | O
5 . et i Tamb = +125°C I5 20
a
& 02 ! s Tamb = +125°C N
) RL:|°°— — | ‘ | Tamp = +70°C|
0 10 20 30 40 ¢ 0 10 20 30 40
SUPPLY VOLTAGE (V) ?_’ SUPPLY VOLTAGE (V)
%
OUTPUT SATURATION VOLTAGE RESPONSE TIME FOR VARIOUS INPUT
versus OUTPUT CURRENT OVERDRIVES - NEGATIVE TRANSITION
10t — =
S Out of saturationjll % 6
g 0 L/l o 5 Input overdrive : 5mv | .,/
< 10 ! /’ c 4 i
3 Tamb = +125°C —~54 2 gl 20mv ]
> -1 / = ‘
Z 10 // 3 2 — i
.9 ~ =T Tamb=-55°C 1 —100mv 7
S 102 ///9 | z 8" 3
S A AN T +25°C o
= // amb o) -50
< e ] g 100 Tamb=+25°C
TR = 1]
10 107 10° 10t 102 4 > 0 0.5 1 1.5 2
& 5 TIME (us)
OUTPUT SINK CURRENT (mA) § g
z z
RESPONSE TIME FOR VARIOUS INPUT
OVERDRIVES - POSITIVE TRANSITION
>
L
Qo 6
= 5 | Input overdrive : 100mV
o / /
Q 4
. 1] 5mv_|
e
2 1 20mV-
5 T I =
-z R
S 100 . ]
£ 50 Tamb= +25°C § _
|
g 0 |
i
e 0 0.5 1 15
z TIME (us) o
2 o
a 5
Z z
- &
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LM2901

TYPICAL APPLICATIONS
BASIC COMPARATOR

DRIVING CMOS

2001-08.EPS

+DV
T
100ka
Ve o5
LM290
Moo

2001-10.EPS

DRIVING TTL LOW FREQUENCY OP AMP
BV
10ko
+V,
(ref)
o_
&1 &0
-V,
(ref) 0O
8] &0

LOW FREQUENCY OP AMP

TRANSDUCER AMPLIFIER

(eo=0Viare =0V

2001-12.EPS

oV

Magneticpicde-up [l 10k 3k

SGS-THOMSON
TR R 3 LIS 0 200sE

5/9
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TYPICAL APPLICATIONS (continued)
TIME DELAY GENERATOR

? \E¢=+15v
ﬂl% 15ka HZOOI/Q 3ka
10Mh
10k
\ LVED Vo3
3k
106 5 J 10Mb
\%c T
S —
* Vref.)
INPUT GATING SGNAL
\ee s
A .
qo ot ty t

LOW FREQUENCY OP AMP WITH OFFSET ZERO CROSSING DETECTOR

ADJUST (single power supply)

2901-15.EPS
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TYPICAL APPLICATIONS (continued)
TWO-DECADE HIGH-FREQUENCY VCO

100

e =+30V .

+250mV & \eortroe 190V '
700 Hz < e 100KHz

LIMIT COMPARATOR CRYSTAL CONTROLLED OSCILLATOR

Vet (12V)

2Rs 10ka

$QLap

2N222

2001-18EPS

= 15V

SPLIT-SUPPLY APPLICATIONS

COMPARATOR WITH A NEGATIVE
ZERO CROSSING DETECTOR REFERENCE

+15V
O

2001-20.EPS

15V
®

‘ﬂ SGS-THOMSON
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LM2901

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP OR CERDIP

—J
u| s
/
]-[ b1
7 | b B e E
T |
] Z
D
I 1 I s e I e o O
1 ]
_) .
1 7
AN N N [ N O N I N
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
bl 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 15.24 0.600
F 7.1 0.280
i 5.1 0.201
L 3.3 0.130
Z 1.27 2.54 0.050 0.100

8/9
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LM2901

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)

~LEfl =

| W)\
r t_ T———T
bl — = =
ed
1
D M
b
1 0 [0 00 [ | ‘
! 8
[TH
1 7
= 4
udodogodun
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
bl 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45° (typ.)
D 8.55 8.75 0.336 0.334
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.020 0.050
M 0.68 0.027
S 8° (max.)

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publication are subject to change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.

0 1995 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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LM2902

LOW POWER QUAD OPERATIONAL AMPLIFIERS

LARGE VOLTAGE GAIN : 100dB

» VERY LOW SUPPLY CURRENT/AMPLI
375uA

LOW INPUT BIAS CURRENT : 20nA

LOW INPUT OFFSET CURRENT : 2nA

» WIDE POWER SUPPLY RANGE :

SINGLE SUPPLY : +3V TO +30V

DUAL SUPPLIES : +1.5V TO 15V

N D
DIP14 So14
(Plastic Package) (Plastic Micropackage)

DESCRIPTION
This circuit consists of four independent, high gain,
internally frequency compensated operational am-
plifiers which were designed specifically for automo-
tive and industrial control systems. It operates from ORDER CODES
a single power supply over a wide range of volt-
ages. Operation from split power supplies is also Part Temperature Package

. o Number Range N D
possible and the low power supply current drain is _ _
independentof the magnitude of the power supply LM2902 -40°C, +125°C : .
voltage. Example : LM2902D
PIN CONNECTIONS (top view)

Output1l 1 14 Output4

Inverting Input 1 2
Non-inverting Input1 3

Vee b 4

(&)]

[ I N Y O s B

Non-inverting Input 2

]

Inverting Input 2

N
Py

NN N N N N Ny

Output 2 7

13 Inverting Input 4

12 Non-inverting Input 4

11 Vcc ~

10 Non-inverting Input 3

©

(o]

Output 3

Inverting Input3

November 1995
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SCHEMATIC DIAGRAM (1/4 LM2902)

®

100pA

)

Q5
'\_IE?G
Q7

CCoamm
Inverting ]
input
Rsc
. . 11
Non-inverting 'AE
input 1 Output
lglfi
|’l\(;lo —E}lz
Q8 Q9
50pA
% 7 ez 7 ez T #z GND
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage +16 or 32 \%
Vi Input Voltage -0.3to +32 \%
Vig Differential Input Voltage +32 \%
Ptot Power Dissipation N Suffix 500 mw
D Suffix 400 mw
- Output Short-circuit Duration - (note 1) Infinite
lin Input Current — (note 6) 50 mA
Toper Operating Free Air Temperature Range -40 to +125 °c
Tstg Storage Temperature Range -65 to +150 °C

211 (7 56S:THOMSO
» MICROELECTRONIGS
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LM2902

ELECTRICAL CHARACTERISTICS

Vee' = 45V, Vec = Ground, Vo = 1.4V, Tamp = +25°C

(unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vio Input Offset Voltage (note 3) mV
Tamb = +25 C 2 7
Tmin. € Tamb € Tmax- 9
lio Input Offset Current nA
Tamp = +25°C 2 30
Tmin. £ Tamb € Tmax. 40
lib Input Bias Current (note 2) nA
Tamb = +25°C 20 150
Tmin. < Tamb < Tmax- 200
Avd Large Srgnal Voltage Gain VimV
(Vec' = +15V, RL = 2kQ, Vo = 1.4V to 11.4V)
Tamb = +25°C 50 100
Tmin. < Tamb < Tmax- 25
SVR Supply Voltage Rejection Ratio (Rs < 10kQ) dB
(Vcc' = BV to SOV)
Tamb = +25°C 65 110
Tmin. < Tamb < Tmax- 65
lcc Supply Current all Amp, no load mA
Tamb = +255C Vce = +5V 0.7 1.2
Vce = +30V 1.5 3
Tmin. < Tamb < Tmax- Vce = +5V 0.8 1.2
Vce = +30V 1.5 3
Viem Input Common Mode Voltage Range \%
(Vcc = +30V) - (note 4)
Tamp = +25°C 0 Vce-1.5
Tmin. < Tamb < Tmax. 0 Vee -2
CMR Common- mode Rejection Ratio (Rs < 10kQ) dB
Tamb = +25°C 70 80
Tmin. < Tamb < Tmax 60
lo Output Short-circuit Current (Vig = +1V) mA
Vcc = +15V, Vo = +2V 20 40 60
Isink Output Sink Current (Vig = -1V)
Vcc = +15V, Vo = +2V 10 20 mA
Vcc = +15V, Vo = +0.2V 12 50 HA
3/11
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LM2902

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. Max. Unit
VoH High Level Output Voltage \%
(Vcc = +30V)
Tamb = +25°C RL = 2kQ 26 27
Tmin. < Tamb < Tmax. 26
Tamp = +25°C RL = 10kQ 27 28
Tmin. < Tamb < Tmax- 27
(Vcc = 45V, R|_ = 2kQ)
Tamb = +25°C 3.5
Tmin. € Tamb < Trmax- 3
VoL Low Level Output Voltage (RL = 10kQ) mV
Tamb = +25°C 5 20
Tmin. € Tamb < Tmax. 20
SR Slew Rate (Vcc = 15V, Vi= 0.5 to 3V V/us
RL = 2kQ, C. = 100pF, Tamp = +25°C,
unity galn) 0.4
GBP Gain Bandwidth Product (Vcc = 30V MHz
f = 100kHz, Tamb = +25°C, Vin = 10mV
R = 2kQ, C. = 100pF) 1.3
THD Total Harmonic Distortion %
(f = 1kHz, Av = 20dB, R|_ = 2kQ, Vo = 2Vpp
CL= 100pF Tamb = +25°C, Vcc = 30V) 0.015
en Equivalent Input Noise Voltage nV
(f = 1kHz, Rs = 100Q, Vcc = 30V) 40 VHz
DVio Input Offset Voltage Drift 7 30 uv/°c
Dlio Input Offset Current Drift 10 200 pA/°C
Vol/No2 Channel Separation (note 5) dB
1kHz < f < 20kHz 120
Notes : 1. Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15V. The maximum output current
is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simulta-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentially constant, independent of the state
of the output so no loading change exists on the input lines.

3.Vo = 1.4V, Rs = 0Q, 5V < Vec" <30V, 0 < Vic < Vec' - 1.5V

4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more
than 0.3V. The upper end of the common-mode voltage range is Vcc' - 1.5V, but either or both inputs can go
to +32V without damage.

5. Due to the proximity of external components insure that coupling is not originating via stray capacitance be-
tween these external parts. This typically can be detected as this type of capacitance increases at higher fre-
quences.

6. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the
collector-base junction of the input PNP transistor becoming forward biased and thereby acting as input di-
odes clamps. In addition to this diode action, there is also NPN parasitic action on the IC chip. this transistor
action can cause the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large
overdrive) for the time duration than an input is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.
4/11
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INPUT BIAS CURRENT
vs AMBIENT TEMPERATURE

1B {nA) 24
21

18

-k
L3l

-
N

LM124/224/324

a
£5-35-15 5 25 45 65 85 105125
AMBIENT TEMPERATURE (°C)

INPUT VOLTAGE RANGE

15
s /
g 10 - /
A<
Y74

0 5 10 15

POWER SUPPLY VOLTAGE (V)]

GAIN BANDWIDTH PRODUCT
GBP (MH2)

1.35
1.30
1.25
1.2
115 P
1.1
1.05
1
95

955 35 15 5 25 45 65 85 105 125

AMBIENT TEMPERATURE (°C)

]

GAIN BANDWIDTH PRODUCT (MHz)

&r

INPUT CURRENT {mA)

2902-05.EPS 2902-03.EPS
SUPPLY CURRENT (mA)

COMMON-MODE REJECTION RATIO (dB)

2902-07.EPS

. 1 T 11T

L lgr 1
| e
" 1
5 * t —+ +
0 Lct —
2 [ 1
" e —— b
o 1

[ =)
L

CURRENT LIMITING {Note 8)

-55 -35-15 5 25 45 GBS 25 105125

TEMPERATURE (°C)

SUPPLY CURRENT

+
¥ec
mA I 'p
[}
B Tomp —9°C to +125°C
o
Tamlh = —5J5°C ]

POWER SUPPLY VOLTAGE (V}

COMMON-MODE REJECTION RATIO

e ™ I
A | +
Can <l !
© 425V
100 ka2
1008
|
' eo
e.§hg-;fl,{>*‘
i oo .
kni +15V
100 1k 1™ 100k ™

FREQUENCY (Hz)
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LM2902

VOLTAGE GAIN (dB)

INPUT VOLTAGE (V] - OUTPUT VOLTAGE (V]

QUTPUT VOLTAGE {mV)

6/11

OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE
)
144 10 M0
128
- 15
100 &
>
] o
\ Z 1
] NN € Tamb € +125°C 2
5
] — 14—
. N E s
2 Vcc=+10to +15VvV & 2] L | I
-95°CE Tymps +125°C \ i i 1: I
0 L4 1 0 il [ 1 TN
10 10 108 1.8k 10k 100k 1.BM 1M 1k 10k 100k "
FREQUENCY (Hz) FREQUENCY {Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
{CURRENT SINKING)
A —— 10
E o+
I HL;an + Vgcz +HV
k] V6C;+15V 'V, c=+'|5V
i — VCC =+30V
2 2
; g ! £
5
+/2
or p g véd
3 5 [ }]
E‘- ' 1T
1 : {I
(=)
1
em Ld
0 10 L X “ 001 oD 01
TIME (p8} OUTPUT SINK CURRENT {mA)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
[SMALL SIGNAL) {CURRENT SOURCING)
508 ~ E g + 1
= M [Vcc
L o | F
450 —
€0 2 s vid? Vo
I n C 1 T
—— S0pF r I
480 o Iy S
1 | -+
- Input E , 171
350 i dependent of Vi,
n nt
Qutput : 3 |! penaent o cC
o =
o q Mamb +25°.c L
Tomb = +29°C 3 ? T
Vde=+30V > '
250 ls 1
[} 1 2 1 &4 5 & F I | o a0y om [/ R] 1 10 100
5
TIME {ps) o

OUTPUT SOURCE CURRENT (mAl
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INPUT CURRENT VOLTAGE GAIN
100 150
[ [ 1
J RL=20kn
‘i 75 = 128
- h-] R, =2k -}
& z L
E 50 S w
° " g
[y T, = +28°C
E 2 / amb K a0
Z g
0 1 2 M . 10 1) n
[2)
o
POWER SUPPLY VOLTAGE (V) S’. POWER SUPPLY VOLTAGE (V]
POWER SUPPLY & COMMON MODE Avd (dB) LARGE SIGNAL VOLTAGE GAIN
REJECTION RATIO 120
w (dB) 120 z
8 115 <
i SVR 9
z@m 110 w115
gg 105 g L~
=0 = L~
g 100 o
Og > 110
>3 o L1 0
S22 50 z 10
BB o 8 ke
Su | @ 105
a3  a w
Pt MR g
w 75 <
) 70 = 100
o -55-35-15 5 25 45 65 85 105 125 55 -35-15 5 25 45 B5 80 105125

AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

2902-12.EPS

TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER

2902-14.EPS
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TYPICAL SINGLE - SUPPLY APPLICATIONS
NON-INVERTING DC GAIN

DC SUMMING AMPLIFIER

AFl+ -521
(Asshown Ay=101)

€o +5v
O

eo (V)

2902-16.EPS

e, 100k
o—
1/4
100 LM2O02
e 2 100ka _
o—ill—

€h=€1+ezx-6e3-€4
where (e1 + €2) =2 (e3 + €1)
to keep eo =2 OV

€o
O

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

R1
100k

if Rt =Rsand R3 = R4 = Rs = Ry

2R
eo=[1+ =" (e2 - e1)
R2

As shown e, = 101 (e - e1).

2902-18.EPS

_EE

* Pdycarbonete or pd;éFMene
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TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

Fo = 1kHz
Q=50

Av = 100 (40dB)

2902-20.EPS

Ri_Rq
R2 Rs3
(CMRR depends on this resistor ratio match)

For

1o

R
eo (1+ ) (e2- e1)
R3

As shown e, = (€2 - €1)

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

LIM2902

—0 €0

4]
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP OR CERDIP

—1
u| | -
/
H . b1
7 | b B e E
T |
] Z
D
I 1 I s e e Y
1 ]
_) .
1 7
AN N N [ N N [ N I
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
bl 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 15.24 0.600
F 7.1 0.280
i 5.1 0.201
L 3.3 0.130
Z 1.27 2.54 0.050 0.100

10/11
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LM2902

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)

ul
sl :

PM-SO14.EPS

SO14.TBL

03
1
| D M
| .rh_-_
" 8
[T
1
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
bl 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45° (typ.)
D 8.55 8.75 0.336 0.334
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.020 0.050
M 0.68 0.027
S 8° (max.)
Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publication are subject to change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.
0 1995 SGS-THOMSON Microelectronics - All Rights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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LM2903

LOW POWER DUAL VOLTAGE COMPARATORS

WIDE SINGLE SUPPLY VOLTAGE RANGE OR

DUAL SUPPLIES +2V TO +36V OR *1V TO

+18V

s VERY LOW SUPPLY CURRENT (0.4mA)
INDEPENDENT OF SUPPLY VOLTAGE
(1 mW/comparator at +5V)

s LOW INPUT BIAS CURRENT : 25nATYP

s LOW INPUT OFFSET CURRENT : +5nA TYP

s INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

s LOW OUTPUT SATURATION VOLTAGE :
250mV TYP. (Io = 4mA)

s DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE SUPPLY VOLTAGE

s TTL, DTL, ECL, MOS, CMOS COMPATIBLE

OUTPUTS

DESCRIPTION

This device consists of two independentlow power
voltage comparators designed specifically to oper-
ate from a single supply over a wide range of volt-
ages. Operation from split power supplies is also
possible.

These comparators also have a unique characteris-
tic in the fact that the input common-mode voltage
range includes ground even though operated from
a single power supply voltage.

PIN CONNECTIONS (top view)

N D
DIP8 SO8
(Plastic Package) (Plastic Micropackage)

ORDER CODES

Part Temperature Package
Number Range N D
LM2903 -40, +125°C . .

Example : LM2903N

—/

1- Output1

2 - Invertinginput 1

3 - Non-inverting input 1
4-Vcc

5- Non-inverting input 2
6 - Invertinginput 2

7 - Output 2

8- Ve

March 1996
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LM2903

SCHEMATIC DIAGRAM (1/2 LM2903)

3.50A 3.50A @ 100pA

Non-inverting
Input [+
Y
o)
Inverting
Input []

(] Vccf

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage +18 or 36 v
Vig Differential Input Voltage +36 \Y
Vi Input Voltage -0.3 to +36 \%

Output Short-circuit to Ground — (note 1) Infinite
Ptot Power Dissipation 830 mw
Toper Operating Free-air TemperatureRange —40 to +125 °C
Tstg Storage Temperature Range —65 to +150 °c

Notes : 1. Short-circuit from the output to Vcc® can cause excessive heating and eventual destruction. The maximum output
current is approximately 20mA, independent of the magnitude of Vcc'.

2/9
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LM2903

ELECTRICAL CHARACTERISTICS

Vee™ = 45V, Vee™ = 0V, Tamb = 25°C (unless otherwise specified)

2903-03.TBL

Symbol Parameter Min. Typ. Max. Unit
Vio Input Offset Voltage — (note 2) mV
Tamb = +25°C 1 7
Tmin. € Tamb < Tmax. 15
lib Input Bias Current — (note 3) nA
Tamb = +25°C 25 250
Tmin. < Tamb < Tmax. 400
lio Input Offset Current nA
Tamb = +25°C 5 50
Tmin. < Tamb < Tmax. 150
Avd Large Signal Voltage Gain vimVv
Vee = 15V, RL= 15kQ, Vo = 1to 11V 25 200
lcc Supply Current (all comparators) mA
Vcec = 5V, no load 0.4 1
Vce = 30V, no load 1 2.5
Vicm Input Common Mode Voltage Range - (note 4) \%
Tamb = +25°C 0 Vee' -1.5
+
Tmin. € Tamb < Tmax. 0 Vee' -2
Vid Differential Input Voltage - (note 6) Vee! Y
Isink Output Sink Current mA
(Vig = -1V, Vo = 1.5V) 6 16
VoL Low Level Output Voltage mv
(Vid = -1Vb Isink = 4mA)
Tamb = 25°C 250 400
Tmin. < Tamb < Tmax 700
loH High Level Output Current
(Vid = 1V, Vce = Vo = 30V)
Tamb = 25°C 0.1
Tmin. < Tamb < Tmax 1 nA
HA
tre Response Time Hs
(RL = 5.1kQ to Vcc*) — (note 5) 13
trel Large Signal Response Time ns
(Vi = TTL, Viet = +1.4 V, RL = 5.1kQ to Vcch) 300
Notes : 2. Atoutput switch point, Vo = 1.4V, Rs = 0Q with Vcc* from 5V to 30V and over the full input common-mode range
(0V to Vcc' 1.5V).
3. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant,
independent of the state of the output, so no loading charge exists on the reference or input lines.
4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than
0.3V.
The upper end of the common-mode voltage range is Vcc™ —1.5V, but either or both inputs can go to +30V without
damage.
5. The response time specified is for a 100mV input step with 5mV overdrive. For larger overdrive signals 300ns
can be obtained.
6. As long as the other voltage remains within the common-mode range the comparator will provide a proper output

state. The low input voltage state must not be less than —0.3V (or 0.3V below the negative power supply, if used).

‘ $GS-THOMSON
Y/ HICROELECTRONICS
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LM2903

SUPPLY CURRENT (mA)

SATURATION VOLTAGE (V)

4/9

SUPPLY CURRENT versus
SUPPLY VOLTAGE

INPUT CURRENT versus
SUPPLY VOLTAGE

80 . .
1 e b= 55 C V, =0V
0.8 - *-"_Tamb‘z 0C] <CE I R =10°Q Tamb=|-55 G
: | | = 60 - —
- Tami= +25C Thmp=0 C
0.6 et { E b
 Tamp=+70 C | 40 T =+25C
a— x amb—
0.4 | 3
A [ 3]
Tamb=+125C |
" 5 20
0.2 \ g Tamp=+125C
R =zeo__| = — _|
| ‘ ‘ ‘ Tampb=+70C
0 10 20 30 40g 0 10 20 30 4G
SUPPLY VOLTAGE (V) g SUPPLY VOLTAGE (V) g
OUTPUT SATURATION VOLTAGE RESPONSE TIME FOR VARIOUS INPUT
versus OUTPUT CURRENT OVERDRIVES - NEGATIVE TRANSITION
S
10* G
ut aofsatt rafin-{ll E 6 i |
100 JII g c Ingut ;verqirlve 5mv T B
E 4
Tamb=+125C VA 2 5 | 2qmV. . s
10" e 'g 2 *
/// Famy=—55-C 1 —14omy =
102 ’,//,9 z 86 3
s Tamt +25(C I o
e U] Tam= +25 C
103 < -100
-}
102 10 10° 10! 102 9 0 05 1 15 2 0
OUTPUT SINK CURRENT (mA) 8 5 TIME (ks) g
s
RESPONSE TIME FOR VARIOUS INPUT
OVERDRIVES - POSITIVE TRANSITION
S
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= Input overdrjve :L00OMV
s I ]
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2
z o |/ /
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LM2903

TYPICAL APPLICATIONS
BASIC COMPARATOR

DRIVING CMOS

+V(

Viren O

2903-08.EPS

DRIVING TTL

i

I

2903-10.EPS

LOW FREQUENCY OP AMP

TRANSDUCER AMPLIFIER

(e o=0Vfore =0V)

2903-12.EPS

SV

Magnetic pick-up

I:

10kQ

10kQ 3kQ

1/2
LM2903

“20MQ

‘ $GS-THOMSON
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LM2903

LOW FREQUENCY OP AMP WITH OFFSET

ADJUST

ZERO CROSS

ING DETECTOR

(SINGLE POWER SUPPLY)

+5V
o]

N 2222

§o»d

2903-14.EPS

TWO DECADES HIGH FREQUENCY VCO

700 Hz ¢ f& 100kHz

100kQ SOOpF
-
13
Frequency control LM2903
voltage ‘input
0.1uF
\eontrol -—
| S
20kQ
50kQ |:
Veé = +30V
+250mV& Veontro 50V

O OutputTU_

O Outputé\/\r

1 OVed /2
1/2
LM2903
+

LIMIT COMPARATOR

CRYSTAL CONTROLLED OSCILLATOR

Vec(2v)

@Lamp

2N 2222

2903-17.EPS

200K

V& =15V

0.1pF ==

200k

6/9
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SPLIT-SUPPLY APPLICATIONS
ZERO CROSSING DETECTOR

COMPARATOR WITH A NEGATIVE

REFERENCE
+15V +15V
@] C
L L
5.1kQ 5.1kQ
+ +
1/2 1/2
LM2903 €o LM2903 €o
e B e o-
-5V
m J; @] bl O
~15V -15V

2903-19.EPS
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PACKAGE MECHANICAL DATA
8 PINS -PLASTIC DIP OR CERDIP

od
] |
= - |
u |
A - bl
BBl ||
o B :
3 I I
Z
Z
D
O 1 1 M
2 ]
) w
i 4
| I I I
. . Millimeters Inches
Dimensions Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1l 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
V4 1.52 0.060
8/9
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LM2903

PACKAGE MECHANICAL DATA
8 PINS -PLASTIC MICROPACKAGE (S0O)

L
)<1 K-
u
L 1} 1
¥ = [
_]_ ' %ﬂ\
-
—bo|uI4— ’IL.‘_ - ] ‘; ]
D
M
.llr‘_
L1 [0 [1 [1]
8 5
[’
1 4 ®
C J <
Tooo- :
g
. - Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
bl 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 457 (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)
2
3
Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no
responsibility for the consequences of use of such information nor for any infringement of patents or other rights of third
parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
SGS-THOMSON Microelectronics. Specification mentioned in this publication are subject to change without notice. This
publication supersedes and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of SGS-THOMSON
Microelectronics.
0 1996 SGS-THOMSON Microelectronics — Printed in Italy — All Rights Reserved
w
SGS-THOMSON Microelectronics GROUP OF COMPANIES §
Australia - Brazil - Canada - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco &
The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A. %
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LM2904

LOW POWER DUAL OPERATIONAL AMPLIFIERS

s INTERNALLY FREQUENCY COMPENSATED

s LARGE DC VOLTAGE GAIN: 100dB

s WIDE BANDWIDTH (unity gain) : 1.1MHz
(temperature compensated)

s VERY LOW SUPPLY CURRENT/AMPLI
(500u1A) - ESSENTIALLY INDEPENDENT OF
SUPPLY VOLTAGE

s LOW INPUT BIAS CURRENT : 20nA
(temperature compensated)

s LOWINPUT OFFSET CURRENT : 2nA

= INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

s DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE

s LARGE OUTPUT VOLTAGE SWING 0V TO
(Vcc —1.5V)

DESCRIPTION

This circuit consists of two independent, high gain,
internally frequency compensated which were
designed specifically to operate from a single power
supply overawide range of voltages. The low power
supply drain is independentof the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc
gain blocks and all the conventional op-amp circuits
which now can be more easilyimplemented in single
power supply systems. For example, these circuits
canbe directly operated off the standard + 5V power
supply voltage which is used in logic systems and
will easily provide the required interface electronics
without requiring any additional power supply.

In the linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

The gain-bandwidth product is temperature
compensated.

October 1994

N D
DIP8 SO8
(Plastic Package) (Plastic Micropackage)
ORDER CODES
Part Temperature Package
Number Range N D
LM2904 —-40°C, +125°C . .

Example : LM2904D

PIN CONNECTIONS (top views)

\—/

- Output 1

- Inverting input 1

- Non-inverting input 1
-Veeo

A WOWNPE
o ~NOoO O

- Non-inverting input 2
- Inverting input 2

- Ouput 2

-Vec©

1/11
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LM2904

SCHEMATIC DIAGRAM (1/2 LM2904)

Vee
L]
®
4uA 100pA
il <
CCum N
*
Inverting Q7
input

Non-inverting

Rsc
: _| Q11
input u ’ Output

2904-02.EPS

Q8 Q9
50pA
7 7 oz 7 T T ZZ GND
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage +32 \%
Vi Input Voltage -0.3to +32 \%
Vig Differential Input Voltage +32 \Y

Output Short-circuit Duration - (note 2) Infinite

Ptot Power Dissipation 500 mw
lin Input Current - (note 1) 50 mA
Toper Operating Free-air Temperature Range —40 to +125 °c
Tstg Storage Temperature Range —65 to +150 °c

2904-02.TBL
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LM2904

ELECTRICAL CHARACTERISTICS
Vece™ = 45V, Vee™ = Ground, Vo = 1.4V, Tamb = 25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit

Vio Input Offset Voltage (note 3) mV
Tamp = 25°C 2 7
Tmin. £ Tamb £ Tmax- 9

io Input Offset Current nA
Tamb = 25 C 2 30
Tmin. < Tamb < Tmax. 40

lib Input Bias Current - (note 4) nA
Tamp = 25°C 20 150
Tmin. £ Tamb £ Tmax. 200

Avd Large Signal Voltage Gain V/imV
(Vec = +15V, R._ = 2kQ, Vo = 1.4V to 11.4V)
Tamb = 25°C 50 100
Tmin. < Tamb < Tmax. 25

SVR Supply Voltage Rejection Ratio (Rs = 10kQ) dB
(Vcc = 5to 30V)
Tamb - 250C 65 100
Tmin. £ Tamb £ Tmax. 65

lcc Supply Current, all Amp, no Load mA
Vee = 5V, Thin. € Tamb € Tmax- 0.7 1.2
Vee = +30V, Tmin. £ Tamb < Tmax. 2

Viem Input Common Mode Voltage Range \%
(Vee = +30V) (note 6)
Tamb = 25°C 0 Vec'-1.5
Tmm < Tamb < Tmax 0 VCC -2

CMR Common-mode Rejection Ratio (Rs = 10kQ) dB
Tamb = 25°C 70 85
Tmin. £ Tamb £ Tmax- 60

lo Output Short Circuit Current mA
(Vcc = +15V, Vo = 2V, Vig = +1V) 20 40 60

Isink Output Current Sink (Vig = -1V)
Vce = +15V, Vo = 2V 10 20 mA
Vcc = +15V, Vo = +0.2V 12 50 HA

Vopp Output Voltage Swing (RL = 2kQ) \%
Tamb = 25°C 0 Vec'-1.5
Tmin. £ Tamb £ Tmax. 0 VCC -2

VoH High Level Output Voltage (Vec' = 30V) Y,
Tamb - 25 RL - ZkQ 26 27
Tmin. < Tamb < Tmax. 26
Tamp = 25°C RL = 10kQ 27 28
Tmin. < Tamb < Tmax- 27

VoL Low Level Output Voltage (RL = 10kQ) mV
Tamb = 25°C 5 20
Tmin. < Tamb £ Tmax. 20

SR Slew Rate (Vcc = 15V, GVI = 0.5to0 3V, RL = 2kQ, Vius
CL = 100pF, Tamb = 25°C, unity gain) 0.3 0.6
GBP Gain Bandwidth Product MHz
(Vee = 30V, f = 100kHz, Tamp = 25°C,
Vin = 10mV, RL = 2kQ, CL = 100pF) 0.7 1.1

THD Total Harmonic Distortion %
(f = 1kHz, A, = 20dB, R|_ = 2kQ, Vce = 30V, 0.02
CL= 100pF Tamb = 25° C, Vo= 2 PP)
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LM2904

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. Max. Unit
DVi, | Input Offset Voltage Drift 7 30 uv/rec
Dlio Input Offset Current Drift 10 300 pA/°C

Vo1/Voz | Channel Separation (note 5) dB

1kHz < f < 20kHz 120
Notes : 1. This input current only exist when the voltage at any of the input leads is driven negative. It is due to the collec-
tor-base junction of the input PNP transistor becoming forward biased and thereby acting as input diode clamps.
In addition to this diode action, there is also NPN parasitic action on the IC chip. This transistor action can cause
the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large overdrive) for the time
duration that an input is driven negative.
This is not destructive and normal output will set up again for input voltage higher than —0.3V.

2. Short-circuits from the output to Vcc can cause excessive heating if Vec™ > 15V. The maximum output current is
approximatively 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simultaneous
short-circuits on all amplifiers.

3. Vo = 1.4V, Rs = 0Q, 5V < Vcc' < 30V, 0 < Vic < Vec© — 1.5V.

4. The direction of the input current is out of the IC. This current is essentially constant, independent of the state of
the output so no loading change exists on the input lines.

5. Due to the proximity of external components insure that coupling is not originating via stray capacitance between
these external parts. This typically can be detected as this type of capacitance increases at higher frequences.

6. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than
0.3V. The upper end of the common-mode voltage range is Vec™ — 1.5V.

But either or both inputs can go to +32V without damage.
OPEN LOOP FREQUENCY RESPONSE (Note 3) LARGE SIGNAL FREQUENCY RESPONSE
20
40 oMa |
0.1 uF
120 Vee
0 N v, ? Vol 1% d
= Verl/2 s 4
R I NG 3
0 =
S h VEc=c30vn < 2w
6 —55C éTamb +126°C S
g N b \
< 5
K " o —J
] Veg=+10t0 +15V & E N
W _55°CE Tymbs +125°C ‘\ o l
P U T T 0
10 18 100 1.0x 10k 100k 1.0M 1OM 1k 10k 100k ™
FREQUENCY {Hz) FREQUENCY [Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
z T T 1 3
w R 22k [ Vee=+1B VWV 3
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LM2904

OUTPUT VOLTAGE (mV)

INPUT CURRENT (mA)

INPUT VOLTAGE (V)

VOLTAGE FOLLOWER PULSE RESPONSE
(SMALL SIGNAL]

> OUTPUT CHARACTERISTICS
500 T 8 n
| <
o 3 !
_ =
450 eo F
50 pF o § T
00 ! I, “ F
1 ) I i x 5 '
N Input E
¥}
T 4
350 - ” ] 1l
Qutput 3 3
5 /
200 Tamb = +25°C 2 o 14
Vec=+30V [
250 2
e 1 21 4 5 §F 13 E oot omm o1 1w w00
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TIME [us) OUTPUT SOURCE CURRENT {mA)
INPUT CURRENT [Note 1} CURRENT LIMITING {Note 1)
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160 SE— 100
. R =20ka - <
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|<£ g /4/
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40 o 5 Lo~
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0 1 20 D 40, 0 10 20 0
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LM2904

TYPICAL APPLICATIONS (single supply voltage) Vcc = +5Vpc

AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER

2904-11.EPS

NON-INVERTING DC AMPLIFIER DC SUMMING AMPLIFIER

O—I—

A=1+ B2

(AsshownAy=101)

e (mv)

e, 100k
o— -

€=€e1t+ex-ez3-€e4
where (e1 +€2) = (e3 +€ey4)
to keepeo = OV

2904-13.EPS
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LM2904

HIGH INPUT Z, DC DIFFERENTIAL USING SYMMETRICAL AMPLIFIERS TO
AMPLIFIER REDUCE INPUT CURRENT

Mo | Vo
V2o

ifR1=RsandR3=R4 =Rg=R7
2R
&0 =[1+ 5] (e2 - e1)
2

As shown e, = 101 (e -e1).

2904-15.EPS

HIGH INPUT Z ADJUSTABLE GAIN DC LOW DRIFT PEAK DETECTOR
INSTRUMENTATION AMPLIFIER

ifR1 =Rsand Rz =R4=Rs= Rz

2R
€ =[1+ ?l] (e2—ey)
2

As shown e, =101 (e2 - e1)

2904-17.EPS
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LM2904

ACTIVE BAND-PASS FILTER

1

15 @J 3%‘: %
Vo mm— B4 .

1

— 1 LN]&{
—ls%F RS *

1& |:l - lﬂl O\/O
%504 18
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Q=50
Av =100 (40dB)
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LM2904

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP OR CERDIP

. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
bl 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
Z 1.52 0.060
10711 SGS-THOMSON
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LM2904

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
— o cl 2
= 3
E
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min. Typ. Max.

A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
bl 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)

D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050

e3 3.81 0.150

F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publication are subject to change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.

0 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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