PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Programmable Quad
Operational Amplifiers

LM146/246/346

Features (ISeT = 10uA)

® Programmable electrical characteristics
Battery-powered operation

Low supply current 350 A amplifier
Guaranteed gain bandwidth
product

0.8 MHz min
Large DC voitage gain 120 dB
Low noise voltage 28 nV/\/Hz
Wide power supply range 1.5V to £22V
Class AB output stage—no crossover
distortion

Ideal pin out for Biquad active filters
Input bié’s currents are temperature
compensated

Single Copy

Description

The LM146 series of quad op amps consists of
four independent, high gain, internally
compensated, low power, programmable
amplifiers. Two external resistors (RSET) allow
the user to program the gain bandwidth
product, slew rate, supply current, input bias
current, input offset current and input noise.
For example, the user can trade-off supply
current for bandwidth or optimize noise figure
for a given source resistance. In a similar way,
other amplifier characteristics can be tailored
to the application. Except for the two
programming pins at the end of the package,
the LM146 pin-out is the same as the LM124
and LM148.
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LM146/246/346

Programmable Quad
Operational Amplifier
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Programming Equations
Total Supply Current = 1.4mA (Ise1/10uA)
Gain Bandwidth Product = 1MHz (Iset/10uA)
Slew Rate = 0.4V/uSec (Iset/10uA)
Input Bias Current = 50nA (Iset/10uA)
IseT = Current into Pin 8 or Pin 9

Vvt -v--086V

Rsgr

IseT =

Mask Pattern

16

Die Size: 98 x 74 mils
Min. Pad Dimensions: 4 x 4 mils




Programmable Quad
Operational Amplifier LM146/246/346
L

Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
LM146 ... .. 122V Part Temperature
LM246,346 ........................ +18V Number Package Range
Differential Input Voltage' ............ 30V | LM146J Ceramic -55°C to +125°C
CM Input Voltage1 e 15V ALM146J/883B* Ceramic | -55°C to +125°C
Output Short Circuit _ ¥ LM146-2J Ceramic -55°C to +125°C
Duration? ...................... Indefinite  ,1LM146-2J/8838* Ceramic -55°C to +125°C
Operating Temperature Range LM246N Plastic ~95°( to +85°C
LM146 ............. ... -55°DC to 125:0 A LM246-2N Plastic -25°C to +85°C
LM246 ........ ... -25°C 10 85°C  _{ | M2464 Ceramic -25°C to +85°C
LM346 ... ...l 0°Cto70°C 1 LM246-2J Ceramic -25°C to +85°C
Storage Temperature LM346N Plasti
o o astic 0°C to +70°C
Range .. RS -65°C to 150°C A LM346-2N Plastic 0°C to +70°C
Lead Soldering A 1 LM346J Ceramic 0°C to +70°C
Temperature (10sec) .............. 300°C LM346-2J Ceramic 0°C to +70°C

Notes: 1. For supply voltages less than £15V, the absolute
maximum input voltage is equal to supply voltage.

2. Any of the amplifier outputs can be shorted to ground
indefinitely; however, more than one should not be
simultaneously shorted as the maximum junction
temperature will be exceeded.

*MIL-STD-883, Level B Processing

Thermal Characteristics

16-Lead 16-Lead
Plastic DIP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Po Ta < 50°C 555mW 1042mw
Therm. Res. guc — 60°C/W
Therm. Res. fua 135°C/W 120°C/W
For Ta> 50°C Derate at 7.41mW 8.33mW
per °C per °C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become
part of the terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and
conditions of sale. No representation as to application or use or that the circuits are either licensed or free from patent infringement is
intended or implied. Raytheon reserves the right to change the circuitry and other data at any time without notice and assumes no
liability for inadvertent errors.
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LM146/246/346

X5

DC Electrical Cha

cteristics

Programmable Quad

(Vs = 215V, IseT = 10HA, nd Ta = 25°C unless otherwise specified.)

Operational Amplifiers

LM146 LM246/346

Parameler Conditions Min Typ | Max | Min Typ | Max Units

Input Offset Votlage | Yo" %00 Ao =500 05 | 5 05 | 6 | mv

Input Offset Current | Vom = OV, Ta<25°C 2 20 2 100 nA

Input Bias Current Vem = 0V, Ta < 25°C 50 | 100 30 [ 250 nA

Supply Current _ nEo

(4 Op Amps) Ta=25°C 14 | 20 14 | 25 mA

Large Signal RL = 10kQ, Ta = 25°C

Voltage Gain Vout = £10V 100 | 1000 50 | 1000 V/my

Input CM Range Ta=25°C +135 | £14 +135 | =14 v

Common Mode P

Rejection Ratio Rs< 10k, TA=25°C | 80 | 100 70 | 100 dB

Power Supply _oco

Rejection Ratio Rs <10k, Ta=25°C | 80 | 100 74 | 100 dB

Output Voltage Swing | Ru = 10k, Ta=25°C | £12 | £14 +12 | +14 v

Short Circuit Current | Ta =25°C 50 20 30 5.0 20 30 mA

Gain Bandwidth _ Lo

Product Ta =25°C 08 |12 05 |12 MHz

Phase Margin Ta =25°C 60 B0 Deg
| Slew Rate” ™ Ta=25°C 04) 1 04 V/uS
“TInput Noise Voltage f = 1kHz, Ta = 25°C 28 28 nV/\/Hz

, RL = 10k, Ta =25°C

Channel Separation AVouT =0V to +12V 120 120 dB

Input Resistance Ta =25°C 10 1.0 Ma

Input Capacitance Ta=25°C 20 2.0 pF




Programmable Quad
Operational Amplifier LM146/246/346

DC Electrical Characteristics
(Vs = 215V, IseT = 10pA over the full operating temperature range)

LM146 LM246/346
Parameter Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Vem = 0V, Rs < 500 05 | 60 05 |75 mV
Input Offset Current Vem = 0V 20 25 2.0 | 100 nA
Input Bias Current Vem = 0V 50 100 50 250 nA
Supply Current
(4 Op Amps) 15 | 20 15 | 25 mA
Large Signal RL = 10kQ
Voltage Gain AVout = +10V 50 | 1000 25 | 1000 V/my
Input CM Range +135 | +14 +135 | +14 v
Common Mode
Rejection Ratio Rs < 500 70 | 100 70 100 dB
Power Supply
Rejection Ratio Rs < 500 76 100 74 100 a8
Output Voltage Swing | RL= 10k +12 | £14 +12 | £14 v

DC Electrical Characteristics (Vs = 215V, 1seT = 14A)

LM146 LM246/346

Parameter Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage | Yo" %2, Re =500 05 | 50 05 |70 | mv
Input Bias Current Vem = 0V, Ta = 25°C 75 20 75 | 100 nA
Supply Current _ oro

(4 Op Amps) Ta =25°C 140 | 250 140 | 300 uh
Gain Bandwidth oo

Product Ta =25°C 80 | 100 50 | 100 kHz

DC Electrical Characteristics (Vs = +1.5V, IseT = 10uA)

LM146 LM246/346
Parameter Conditions Min Typ Max Min | Typ Max Units
Input Offset Voltage | Yo* 0%, s = 500 05 | 50 05 |70 | mv
Input CM Range Ta =25°C +0.7 +0.7 Vv
Common Mode _nro
Rejection Ratio Rs < 500, Ta = 25°C 80 80 dB
Qutput Voltage Swing | RL= 10k, Ta =25°C | £0.6 +0.6 Vv
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Programmable Quad
LM146/246/346 Operational Amplifier

Typical Performance Characteristics

Input Bias Current vs. ISET Supply Current vs. ISET
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Programmable Quad
Operational Amplifier LM146/246/346

L
Typical Performance Characteristics (continued)

Input Offset Voltage vs. ISET Common-Mode Rejection Ratio vs. ISET
10 120
09 =
= 08 = 4 ]
= =
E o7 2 [P~
g o6 £ g
i 05 o i =z
£ 04 E 60
Z 03 g
02 vs-xisV]TTls & 4 vs £ <15v ] <
0.4 Ta=25°C LU Ta=25°C LA
. il " L L LU
0.1 1 10 100 0.1 1 10 100
ISET (nA) ISET (uA)
Power Supply Rejection Ratio vs. ISET Output Voltage Swing vs. Supply Voltage
16
14
E 120 .
= Iow
5 g ., 7
£ g &
g g 8
£ 8 ] =
= s ° /
g g v
o 8 ¢ e Th=25°C +—
g Vs = 215V ]|« ISET = 10uA +—.
E ) Ta - 250 TR 2 1,/ - toke 2
0 L[ TTTe 0 11 1%
0.1 1 10 100 i} 2 4 6 8 10 12 14 16
ISET [uA) Supply Voltage (V)
Input Voltage Range vs. Supply Voltage Input Bias Current vs. Input Common-Mode Voltage
16 100 :
“ » FoISET = 10,A
= 12 £
% = 1 ISET = 1.A
g £
= 7 =}
. Ea 2
E 6 /,’ ‘g 1 ISET = 0. 1A
E Tn=os0— = i
D Vs = +15V—s
2 L1 ] g Ta=25°C—3
0 : [ 11 2 01 2
0 2 4 6 8 10 12 14 16 -15 -10 -5 0 5 10 15
Supply Voltage {xV) Input Commion-Mode Voltage (V)

L B e



LM146/246/346

Programmable Quad
Operational Amplifier

Typical Performance Characteristics (continued)
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Programmable Quad
Operational Amplifier LM146/246/346

L —
Typical Performance Characteristics (continued)

Input Noise Voltage vs. Frequency Input Noise Current vs. Frequency
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Programmable Quad

LM146/246/346 Operational Amplifier
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Packaging Information

16-Lead
Ceramic Dual-in-Line
'? L s S S 1'11 Inches Millimeters
Dimension | Min. Max. | Min. Max.
A 200 50
B 074 023 | 36 5
9 16 c 030 070 | 76 17
g o o g D 008 015 20 38
- . E 840 2134
Nl b - M F 220 310 | 559 787
E | ~—F— g |29 320 | 7.37 813
N T H 100BSC 254B5C
BN J 125 200 | 3.18 5.08
{ K [.150 381
gt K L 05 060 | .38 752
L i — G — M 080 203
o N__].005 13
B~ ]« —H— — |~ »/ -~P D \k P[0 5 1 0° 15°
16-Lead
Plastic Dual-in-Line
Inches Mitlimeters
T L e T Dimension | Min. Max. Min. Max.
. A 200 508
B 014 023 | 036 0.58
C 030 070 | 0.76 178
9 16 D 008 015 | 020 0.38
AT E | 740 760_| 18.80 19.30
N — F 240 260 | 6.10 6.60
£ G 230 320 | 737 8.13
H 100BSC 254B5C
Al 4 ) 125 200 | 3.1 508
A K 135 343
1 L 015 060 | 0.38 752
St M| 020 051
| N 005 0.13
B »[ F | H[— — P 0° 157 0° 150




