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AUTOMOTIVE COMPLIANT DUAL AND QUAD OPERATIONAL AMPLIFIERS

Description Pin Assignments

The LM2902Q/LM2902AQ/LM2904Q/LM2904AQ series consist of

two or four independent high-gain operational amplifiers with very low

LM2904Q/ LM2904AQ

input offset voltage specification. They are designed to operate from a
single power supply over a wide range of voltages; however, (Top View)

operation from split power supplies is also possible. They offer low
power supply current independent of the magnitude of the power 10uT| 1

@)
supply voltage.
1IN- | 2 7 | 20UT
The LM2904_Q dual devices are avalla.ble in SO-8,. TSSQP-S and 1IN+ IZ EI SIN-
MSOP-8; and the LM2902_Q quad devices are available in SO-14

GND |_4

and TSSOP-14. All of them are in industry-standard pin outs, and use
fgreenomold compound as standard.

8 ] vee

| 5] 2N+

SO-8/TSSOP-8/MSOP-8

The LM2902Q/LM2902AQ/LM2904Q/LM2904AQ are characterized
for operation from -40T to +125€C , qualified to AEC-Q100 Grade 1
and are Automotive Compliant, supporting PPAPSs.

LM2902Q/ LM2902AQ

Features (Top View)

1 Wide Power Supply Voltage Range (@)

A Single Supply: 3V to 36V 10UT [ 1 |
A Dual Supplies: #1.5V to +18V 1IN- IZ__ A
1 Yew Low Supply Current Drain i Independent of Supply Voltage 1IN+ IZ_+1 4+

A LM2904Q: 500pA

A LM2902Q: 700pA vCC |Z

1 Low Input Bias Current: 20nA 2IN+ | 5 H+ T
1 Low Input Offset Voltage 2IN- | 6 __2 3-_
A AVersions: 1mV (Typical)

A Non-A Version: 2mV (Typical) 20UT Iz
1  Large DC Voltage Gain: 100dB
Wide Bandwidth (Unity Gain): 700kHz (Temperature S0-14/TSSOP-14
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Notes: 1.

Internally Compensated with Unity Gain

Input Common-Mode Voltage Range Includes Ground
Differential Input Voltage Range Equal to Power Supply Voltage
Large Output Voltage Swing: OV to Vcc -1.5V

Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
Hal ogen and Anti mony HNotee) i G
Qualified to AEC-Q100 Grade 1

PPAP Capable (Note 4)

No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.

See https://www.diodes.com/quality/lead-f r ee/ f or more i nformation about géniandlntimoryffreed'Green'r at ed 6 s
and Lead-free.

Halogen- and Antimony-f r ee " Greenodo products are defined as those which contain <900pr
<1000ppm antimony compounds.

. Automotive products are AEC-Q100 qualified and are PPAP capable. Refer to https://www.diodes.com/quality/.
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Typical Applications Circuit
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R1
10KW 100kW
Pin Descriptions
Pin Number | Pin Name Function

LM2902Q, LM2902AQ

1 10UT Channel 1 Output

2 1IN- Channel 1 Inverting Input

3 1IN+ Channel 1 Non-Inverting Input

4 VCC Chip Supply Voltage

5 2IN+ Channel 2 Non-Inverting Input

6 2IN- Channel 2 Inverting Input

7 20UT Channel 2 Output

8 30UT Channel 3 Output

9 3IN- Channel 3 Inverting Input

10 3IN+ Channel 3 Non-inverting Input

11 GND Ground

12 4IN+ Channel 4 Non-Inverting Input

13 4IN- Channel 4 Inverting Input

14 40UT Channel 4 Output
LM2904Q, LM2904AQ

1 10UT Channel 1 Output

2 1IN- Channel 1 Inverting Input

3 1IN+ Channel 1 Non-inverting Input

4 GND Ground

5 2IN+ Channel 2 Non-Inverting Input

6 2IN- Channel 2 Inverting Input

7 20UT Channel 2 Output

8 VCC Chip Supply Voltage

LM2902Q/LM2902AQ/LM2904Q/LM2904AQ
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Functional Block Diagram

Vece

6mA <D 4mA > 100mA
L 4 Q5
Q6
Rsc
INPUTS
O
+ O OUTPUT
Q13
Functional Block Diagram of LM2902Q/ LM2902AQ/ LM2904Q/ LM2904AQ
(Each Amplifier)
Absolute Maximum Rati NQJS (Note 5) (@Ta = +25€, unless otherwise specified.)

Symbol Parameter Rating Unit
Vce Supply Voltage +18 or 36 \%
Vip Differential Input Voltage 36 \
VIN Input Voltage -0.3to +36 \%

LM2904_QS 150
LM2904_QTH 175
dia Package Thermal Impedance (Note 6) LM2904_QM8 200 TwW
LM2902_QS14 89
LM2902_QT14 100
Output Short-Circuit to GND . .
o] (One Amplifier) (Note 7) VeccO 15V Aramr28T T Continuous 0
Ta Operating Temperature Range -40 to +125 °C
T; Operating Junction Temperature +150 °C
Tsto Storage Temperature Range -65 to +150 °C
Notes: 5. Stresses beyond those listed under Absolute Maximum Ratings can cause permanent damage to the device. These are stress ratings only, functional
operation of the device at these or any other conditions beyond those indicated under recommended operating conditions is not implied. Exposure to
absolute-maximum-rated conditions for extended periods can affect device reliability.
6. Maximum power dissipation is a function of Tymax), dia, and Ta. The maximum allowable power dissipation at any allowable ambient temperature is
Pp = (Tymaxy T Ta) hadOperating at the absolute maximum T; of +150T can affect reliability.
7. Short circuits from outputs to Vcc or ground can cause excessive heating and eventual destruction.
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ESD Ratings
Parameter Rating Unit
LM2902_QS14 500
LM2902_QT14 500
Human Body Mode ESD Protection (Note 8) LM2904_QS 500
LM2904_QTH 500
LM2904_QM8 <500 v
LM2902_QS14
LM2902_QT14
Charge Device Mode ESD Protection LM2904_QS 1,000
LM2904_QTH
LM2904_QM8
Note: 8 Human body modewthl00pF.5kY in series
Recommended Operati ng Conditions (Over Operating Free-Air Temperature Range, unless otherwise noted.)
Parameter Min Max Unit
Single Supply 2 36
Supply Voltage Dual Supply ) 18 \%
Ambient Temperature Range -40 +125 C
Junction Temperature Range -40 +125
LM2902Q/LM2902AQ/LM2904Q/LM2904AQ 4 of 17 June 2019
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Electrical Characteristics (Notes 12 and 13) (@ Vcc = +5.0V, Ta = +25€, unless otherwise specified.) (LM2902Q, LM2902AQ)

Symbol Parameter Conditions Ta Min Typ Max Unit
Vic = Vemr Minimum, Non-A Ta=+25C o] 2 7
= Device Full Range 8 8 10
Vio [|Input Offset Voltage Vo =14V, . 9 mV
Vce = 5V to Maximum A-Suffix Ta=+25C d 1 2
Rs =0Y Device Full Range 3 3 4
&0l :;rri)fltjt Offset Voltage Temperature Rs = 0V Full Range 5 7 5 Wi
) Iin+ Or I; nwith OUT in Linear Range, Ta=+25C s -20 -200
Is Input Bias Current nA
Vcemr = 0V (Note 9) Full Range 0 o] -500
Ta=+25C e} 2 50
| Input Offset Current Iin+ - T niVem = 0V nA
© P e N Full Range 6] o] 150
Diio/DT :Qr’i)fl:t Offset Current Temperature 5 Full Range 5 10 5 DA/
Oto
Input C Mode Vol Ta=#25C |\ cas| 8 6
Vemr Qgﬁée ommon-Mode Voltage Vee = 30V (Note 10) C(;:to. \%
Full Range Vee 2.0 o] o]
I Supply Current Vo = 0.5 Vcc, No Load [Vce = 30V Full Range ¢} 1.0 3.0 A
¢ |(Four Amplifiers) Vo = 0.5 Vee, No Load [Vee = 5V Ful Range | & 07 1.2
= = Ta=+2 25 100 3
Ay |Voltage Gain VCC, 1,5V’ Vour=1Vio 11V, A °C V/imV
R O2kY Full Range 15 o} 0
CMRR |Common Mode Rejection Ratio DC, Vemr = 0V to Vee-1.5V Ta=+25C 60 70 0 dB
PSRR [Power Supply Rejection Ratio Vcce =5V to 30V Ta=+25C 70 100 o dB
f = 1kHz to 20kHz
6] Amplifier to Amplifier Coupling (Input Referred) Ta=+25C ¢} -120 3 dB
(Note 11)
ViN-= 1V, ViN+= 0V, Ve = 15V,
Ta=+2 12 50 o]
, Vo = 200mV A= +23C A
IsINk Sink
ViN- = 1V, Vine = OV, Ve = 15V, Ta=+25C 10 20 o]
Output Current
Vo =15V Full Range 5 o 0 mA
Vin+ =1V, ViN-= 0V, Ve = 15V Ta=+25C -20 -40 -60
lSOURCE Source IN+ y VIN-= 0V, Ve = 15V, A
Vo =0V Full Range -10 0 0
Isc |Short-Circuit to Ground Vce =5V, GND =-5V, Vo = 0V Ta=+25C e} +40 +60 mA
RL = 10kY Ta=+25C ) Vee-1.5
V High-Level Output Voltage Swin RL = 2kY 26 e} ¢} \Y,
o 9 P g 9 Vce = 30V L ~ » Full Range
R O10kY 27 28
VoL |Low-Level Output Voltage Swing |R.’ 10kY Full Range s} 5 20 mV

AC Electrical Characteristics (Notes 12 and 13) (@ Ve = & 15.0V, Ta = +25€, unless otherwise specified.) (LM2902Q,

LM2902AQ)
Symbol Parameter Conditions Typ Unit
SR Slew Rate at Unity Gain R = 1MY, C_ = 30pF, V| = 10V 0.3 Vs
B1 Unity Gain Bandwidth RL = 1MY, C_ = 20pF 0.7 MHz
vn Equivalent Input Noise Voltage  [Rs = 100Y, V, = 0V, f = 1kHz 40 nv/ a
Notes: 9. 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 that no loading change exists on the input lines.

10. The input common-mode voltage of either input signal voltage should not be allowed to become negative by more than 0.3V (@ +25T). The upper end
of the common-mode voltage range is Vcc -1.5V (@ +25C), but either or both inputs can go to + 36V without damage, independent of the magnitude of
Vcc.

11. Due to proximity of external components, ensure 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 frequencies.

12. Typical values are all at Ta = +25°C conditions and represent the most likely parametric norm as determined at the time of characterization. Actual
typical values may vary over time and will also depend on the application and configuration. The typical values are not tested and are not guaranteed
on shipped production material.

13. All limits are guaranteed by testing or statistical analysis. Limits over the full temperature (-40 U Ta U +125°C) are guaranteed by design, but not
tested in production.
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Electrical Characteristics (continued) (Notes 12 and13) (@ Vcc = +5.0V, Ta = +25T, unless otherwise specified.) (LM2904Q,
LM2904AQ)

Symbol Parameter Conditions Ta Min Typ Max Unit
- ; =+ 6] 2 7
Vic = Vemr Min, Non-A Device -:;A” RZSC 3 3 m
= ull Range
Vio |Input Offset Voltage Vo =14V, g mV
Vce =5V to MAX ) . Ta=+25C 0 1 2
Y A-Suffix Device
Rs =0Y Full Range 3 ) 4
/ol g]r[i)fltjt Offset Voltage Temperature Rs = 0V Full Range 5 7 5 Wi
i in Li =+ 6] -20 -250
I Input Bias Current lin+ or Ii nwith OUT in Linear Range, Ta=+25T nA
Vcemr = 0V (Note 9) Full Range o] 0 -500
Ta=+25C 0 2 50
| Input Offset Current Iin+ - | niVem = 0V nA
' P N NTem Full Range o] o] 150
Dijo/DT :Qr’i)fl:t Offset Current Temperature 5 Full Range 5 10 5 DA/
Oto
Input C Mode Volt Ta=#25C |y as| O .
- CcCc-4i.
Vemr R?g:ge ommon-ilode voliage Vce = 30V (Note 10) o \Y;
Full R
ull Range Vee 2.0 o] 3
| Supply Current Vo = 0.5 Vcc, No Load Vce = 30V Full Range 3 0.7 2.0 A
o m
€ |(Two Amplifiers) Vo=05Vee, NoLoad  |Vcc=5v | FullRange | & 05 1.2
= = Ta=+2 25 100 0
Av |Voltage Gain VCC, 1!,5\/’ Vour = 1Vio 11V, A °C V/mV
RL O2kY, Full Range 15 s} 0
CMRR |Common Mode Rejection Ratio DC Vcwmr = 0V to Vee-1.5V Ta=+25C 60 70 o] dB
PSRR [Power Supply Rejection Ratio Vce =5V to 30V Ta=+25C 70 100 o] dB
[¢) Amplifier to Amplifier Coupling f = 1kHz to 20kHz (Note 11) Ta=+25C 0 120 0 dB
ViN-= 1V, ViN+ = 0V, Ve = 15V,
=+ 12 50 o]
_ Vo = 200mV Ta=+25C A
IsINk Sink
ViN-=1V, Vin+ = 0V, Ve = 15V, Ta=+25C 10 20 6]
Output Current
Vo =15V Full Range 5 o 0 mA
Vine =1V, VIN-= 0V, Ve = 15V Ta=+25T -20 -40 -60
lsoURCE Source IN+ y ViN-= 0V, Vce = 15V, A
Vo =0V Full Range -10 0 0
Isc  |Short-Circuit to Ground Vce =5V, GND =-5V, Vo = 0V Ta=+25T o] #0 60 mA
RL = 10kY Ta=+25C | Vcc-1.5 ) )
Vi High-Level Output Voltage Swin RL = 2kY 26 0 4 \%
o g P g g Vce = 30V L — - Full Range
R O10kY 27 28
VoL |Low-Lever Output Voltage Swing |R.’ 10kY Full Range o] 5 20 mV

AC Electrical Characteristics (continued) (Notes 12 and 13) (@ Vcc = = 15.0V, Ta = +25€C, unless otherwise specified.)
(LM2904Q, LM2904AQ)

Symbol Parameter Conditions Typ Unit
SR Slew Rate at Unity Gain RL = 1MY, C_ = 30pF, V| = 10V 0.3 Vis
B1 Unity Gain Bandwidth R = 1MY, C_ = 20pF 0.7 MHz
Vn Equivalent Input Noise Voltage |Rs = 100Y, V| =0V, f = 1kHz 40 nVv/ a
Notes: 9. 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 that no loading change exists on the input lines.

10. The input common-mode voltage of either input signal voltage should not be allowed to become negative by more than 0.3V (@ +25T). The upper end
of the common-mode voltage range is Vcc -1.5V (@ +25C), but either or both inputs can go to + 36V without damage, independent of the magnitude of
Vcc.

11. Due to proximity of external components, ensure 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 frequencies.

12. Typical values are all at To = +25°C conditions and represent the most likely parametric norm as determined at the time of characterization. Actual
typical values may vary over time and will also depend on the application and configuration. The typical values are not tested and are not guaranteed
on shipped production material.

13. All limits are guaranteed by testing or statistical analysis. Limits over the full temperature (-40 U Ta 0 +125°C) are guaranteed by design, but not
tested in production.
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Performance Characteristics
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Performance Characteristics (continued)
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Performance Characteristics (continued)

Veol2 Vo

Output Characteristics: Current Sinking

Output Characteristics: Current Sourcing
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