
LOW POWER DUAL OPERATIONAL AMPLIFIER LM2904 

DESCRIPTION                                  Outl ine Drawing  
The LM2904  consis ts  of  two independent ,  high gain,  

internal ly frequency compensated operat ional  

amplif iers  which were designed specif ical ly  to  

operate  from a s ingle  power supply over  a  wide range 

of  vol tages.  Operat ion from spl i t  power supplies  is  

a lso possible  and the low power supply current  drain 

is  independent  of  the magnitude of  the power supply 

vol tage.  

Applicat ion areas  include t ransducer  amplif iers ,                

DIP-8 

DC gain blocks and al l  the convent ional  op amp 

circui ts  which now can be more easi ly  implemented 

in s ingle  power supply systems.  For  example,  the 

LM2904  can be direct ly operated off  of  the s tandard 

+5V power supply vol tage which is  used in  digi ta l  

systems and wil l  easi ly  provide the required 

interface electronics  without  requir ing the addi t ional  

±15V power suppl ies .                                              

                                                           SOP-8 

UNIQUE CHARACTERISTICS                      
z In the l inear  mode the input  common-mode vol tage range includes ground and the 

output  vol tage can also swing to  ground,  even though operated from only a  s ingle  power 

supply vol tage.  

z The uni ty gain cross  frequency is  temperature compensated.  

z The input  bias  current  is  a lso temperature compensated.  

ADVANTAGES 
z Two internal ly compensated op amps.  

z Eliminates  need for  dual  suppl ies .  

z Allows direct  sensing near  GND and VO U T also goes to  GND. 

z Compatible  with al l  forms of  logic .  

z Power drain sui table  for  bat tery operat ion.  
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FEATURES 

z Internal ly frequency compensated for  uni ty gain 

z Large dc vol tage gain:  100 dB 

z Wide bandwidth (uni ty gain) :  1  MHz ( temperature compensated)  

z Wide power supply range:  

— Single supply:  3V to 32V 

— or dual  supplies:  ±1.5V to ±16V 

z Very low supply current  drain (500 µA)—essent ial ly independent  of  supply vol tage.  

z Low input  offset  vol tage:  2  mV 

z Input  common-mode vol tage range includes ground 

z Different ial  input  vol tage range equal  to  the power supply vol tage 

z Large output  vol tage swing:  0V to V+- 1.5V 
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ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

 
Character is t ic   Value Unit   

Supply Voltage,V + 32 或 ±16 V 

Different ial  Input  Voltage 32 V 

Input  Voltage -0.3~32 V 

DIP Package  550 
Power Dissipat ion (Note 1)  

SOP Package 530 
mW 

Output  Short-Circui t  to  GND（ One Amplif ier）（ Note 2）  
（ V + ≤15V、 Ta=25℃）  

Cont inuous  

Input  Current  （ VI N<-0.3V） (Note 3)  50 mA 

Operat ing Temperature Range -20~+85 ℃  

Storage Temperature Range -65~150 ℃  



 
ELECTRICAL CHARACTERISTICS  (Unless  otherwise specif ied:  V + =5.0V) 

 

Parameter   Test  Condit ions Min.  Typ.  Max. Unit

Input  Offset  Voltage Ta=25℃（ Note 5）   2  5  mV

Input  Bias  Current  Ta=25℃ ,  I I N ( + )  or  I I N（ -） ,  
VC M=0V （ Note 6）  

 45 150 nA 

Input  Offset  Current  Ta=25℃， I I N ( + )  -  I I N（ -）， VC M=0V  3 30 nA 
Input Common-Mode 
Voltage Range  Ta=25℃， V + =30V（ Note 7）  0   V + -1.5 V 

V + =30V  1 2 
Supply Current  

Over  Ful l  Temperature 
Range,  RL=∞  on al l  Op 
Amps V + =5V  0.5 1.2 

mA

Large Signal  Voltage 
Gain 

V + =15V， Ta=25℃， RL≥2kΩ  
（ For Vo=1~11V）  

50 100  V/mV

Common-Mode 
Reject ion Rat io DC， Ta=25℃， VC M=0~V + -1.5V 70 90  dB 

Power Supply 
Reject ion Rat io DC， Ta=25℃， V + =5~30V 75 100  dB 

Amplif ier- to-Amplif ier  
Coupling 

Ta=25℃， f=1~20kHz 
（ Input  Referred）（ Note 8）   -120  dB 

Source VI N ( + )=1V,VI N ( - )=0V,V + =15V,Vo=2V,
Ta=25℃  20 40  mA

VI N ( - )=1V,VI N ( + )=0V,V + =15V,Vo=2V,
Ta=25℃  10 20  mAOutput 

Current  
Sink VI N ( - )=1V,VI N ( + )=0V,V + =15V, 

Vo=200mV,Ta=25℃  12 50  µA 

Short  Circui t  to  Ground V + =15V，  Ta=25℃（ Note 2）   40 60 mA

Input  Offset  Voltage （ Note 5）    7  mV
Input Offset  Voltage 
Drif t  Rs=0Ω   7   µV/℃

Input  Offset  Current  I I N ( + )  -  I I N（ -）    100 nA 
Input  Offset  Current  
Drif t  Rs=0Ω   10  pA/℃

Input  Bias  Current  I I N ( + )  or  I I N（ -）   40 300 nA 
Input Common-Mode 
Voltage Range V + =30V（ Note 7）  0   V + -

2 V 

Large Signal  Voltage 
Gain V + =15V，（ Vo=1~11V），  RL≥2kΩ  25   V/mV

RL=2kΩ  26   V 
VO H V + =30V 

RL=10kΩ 27 28  V 
Output 
Voltage 
Swing VO L V + =5V， RL=10kΩ   5  20 mV

Source VI N ( + )=1V ， VI N ( - )=0V ， V + =15V ，
Vo=2V 10 20  mAOutput 

Current  
Sink VI N ( - )=1V ， VI N ( + )=0V ， V + =15V ，

Vo=2V 5 8  mA



 
Note  1  The  d i s s ipa t ion  i s  the  to ta l  o f  bo th  ampl i f i e r s—use  ex te rna l  re s i s to rs ,  where  poss ib le ,  to  a l low 

the  ampl i f i e r  to  sa tu ra te  o r  to  reduce  the  power  which  i s  d i s s ipa ted  in  the  in tegra ted  c i rcu i t .  

Note  2:  Shor t  c i rcu i t s  f rom the  ou tpu t  to  V +  can  cause  excess ive  hea t ing  and  even tua l  des t ruc t ion .  

When  cons ider ing  shor t  c i rcu i t s  to  g round ,  the  maximum outpu t  cur ren t  i s  approx imate ly  40mA 

independen t  o f  the  magni tude  o f  V + .  At  va lues  o f  supp ly  vo l tage  in  excess  o f  +15V,  con t inuous  

shor t -c i rcu i t s  can  exceed  the  power  d i ss ipa t ion  ra t ings  and  cause  even tua l  des t ruc t ion .  Des t ruc t ive  

d i s s ipa t ion  can  resu l t  f rom s imul taneous  shor t s  on  a l l  ampl i f i e r s .  

Note  3:  This  inpu t  cur ren t  wi l l  on ly  ex i s t  when  the  vo l tage  a t  any  o f  the  inpu t  l eads  i s  d r iven  nega t ive .  

I t  i s  due  to  the  co l l ec to r -base  junc t ion  o f  the  inpu t  PNP t rans i s to rs  becoming  forward  b iased  and  

the reby  ac t ing  as  inpu t  d iode  c lamps .  In  add i t ion  to  thi s  d iode  ac t ion ,  the re  i s  a l so  l a te ra l  NPN paras i t i c  

t r ans i s to r  ac t ion  on  the  IC  ch ip .  Th is  t r ans i s to r  act ion  can  cause  the  ou tpu t  vo l tages  o f  the  op  amps  to  

go  to  the  V +  vo l tage  l eve l  (o r  to  g round  fo r  a  l a rge  overdr ive)  fo r  the  t ime  dura t ion  tha t  an  inpu t  i s  

d r iven  nega t ive .  Th is  i s  no t  des t ruc t ive  and  normal  ou tpu t  s t a tes  wi l l  r e -es tab l i sh  when  the  inpu t  

vo l tage ,  which  was  nega t ive ,  aga in  re tu rns  to  a  va lue  g rea te r  than  -0 .3V (a t  25°C) .  

Note  4:  With  the  D358 ,  a l l  t empera tu re  spec i f i ca t ions  a re  l imi ted  to  -25℃  ≤  Ta  ≤  85℃ .  

Note  5:  Vo=1.4V,  Rs  =  0Ω  w i th  V +  f rom 5V to  30V;  and  over  the  fu l l  inpu t  common-mode  range  (0V to  

V +  -1 .5V)  a t  25°C 

Note  6:  The  d i rec t ion  o f  the  inpu t  cur ren t  i s  ou t  o f  the  IC  due  to  the  PNP inpu t  s t age .  Th is  cur ren t  i s  

e ssen t ia l ly  cons tan t ,  independen t  o f  the  s t a te  o f  the  ou tpu t  so  no  load ing  change  ex i s t s  on  the  inpu t  

l ines .  

Note  7:  The  inpu t  common-mode  vo l tage  o f  e i the r  inpu t  s igna l  vo l tage  shou ld  no t  be  a l lowed  to  go  

nega t ive  by  more  than  0 .3V (a t  25°C) .  The  upper  end  of  them common-mode vo l tage  range  i s  V +  -1 .5V 

(a t  25°C) ,  bu t  e i the r  o r  bo th  inpu ts  can  go  to  +32V wi thou t  damage ,  independen t  o f  the  magni tude  o f  

V + .  

Note  8:  Due to  p rox imi ty  o f  ex te rna l  components ,  insure  tha t  coup l ing  i s  no t  o r ig ina t ing  v ia  s t ray  

capac i t ance  be tween  these  ex te rna l  pa r t s .  Th i s  ty p ical ly  can  be  de tec ted  as  th i s  ty pe  o f  capac i t ance  

inc reases  a t  h igher  f requenc ies .  

 
 
 
 
 
 
 



 
TYPICAL SINGLE-SUPPLY APPLICATION CIRCUIT  
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APPLICATION HINTS 
 

The LM2904  i s  op amps which operate  with only a  s ingle  power supply vol tage,  have 
t rue-different ial  inputs ,  and remain in  the l inear  mode with an input  common-mode vol tage 
of  0V. These amplif iers  operate  over  a  wide range of  power supply vol tage with l i t t le  
change in performance character is t ics .  At  25°C amplif ier  operat ion is  possible  down to a  
minimum supply vol tage of  2 .3 V.  

Precaut ions should be taken to insure that  the power supply for  the integrated circui t  
never  becomes reversed in polar i ty or  that  the uni t  is  not  inadvertent ly instal led backwards 
in  a  tes t  socket  as  an unl imited current  surge through the resul t ing forward diode within the 
IC could cause fusing of  the internal  conductors  and resul t  in  a  destroyed uni t .  

Large different ial  input  vol tages can be easi ly accommodated and,  as  input  different ial  
vol tage protect ion diodes are  not  needed,  no large input  currents  resul t  f rom large 
different ial  input  vol tages.  The different ial  input  vol tage may be larger  than V +  without  
damaging the device.  Protect ion should be provided to  prevent  the input  vol tages from 
going negat ive more than -0.3V (at  25°C).  An input  c lamp diode with a  resis tor  to  the IC 
input  terminal  can be used.  

To reduce the power supply current  drain,  the amplif iers  have a  class  A output  s tage for  
small  s ignal  levels  which converts  to  class  B in a  large s ignal  mode.  This  al lows the 
amplif iers  to  both source and s ink large output  currents .  Therefore both NPN and PNP 
external  current  boost  t ransis tors  can be used to  extend the power capabi l i ty of  the basic  
amplif iers .  The output  vol tage needs to  raise  approximately 1 diode drop above ground to 
bias  the on-chip vert ical  PNP transis tor  for  output  current  s inking appl icat ions.  

For  ac appl icat ions,  where the load is  capaci t ively coupled to  the output  of  the amplif ier ,  
a  resis tor  should be used,  f rom the output  of  the amplif ier  to  ground to increase the class  A 
bias  current  and prevent  crossover  dis tor t ion.  Where the load is  direct ly coupled,  as  in  dc 
appl icat ions,  there is  no crossover  dis tor t ion.  

Capaci t ive loads which are  appl ied direct ly to  the output  of  the amplif ier  reduce the loop 
s tabi l i ty margin.  Values of  50pF can be accomodated using the worst-case non-invert ing 
uni ty gain connect ion.  Large closed loop gains  or  resis t ive isolat ion should be used i f  larger  
load capaci tance must  be dr iven by the amplif ier .   

Output  short  c i rcui ts  e i ther  to  ground or  to the posi t ive power supply should be of  short  
t ime durat ion.  Units  can be destroyed,  not  as  a  resul t  of  the short  c i rcui t  current  causing 
metal  fusing,  but  rather  due to  the large increase in  IC chip diss ipat ion which wil l  cause 
eventual  fa i lure  due to  excessive funct ion temperatures .  Put t ing direct  short-circui ts  on 
more than one amplif ier  a t  a  t ime wil l  increase the total  IC power diss ipat ion to  destruct ive 
levels ,  i f  not  properly protected with external diss ipat ion l imit ing resis tors  in  ser ies  with 
the output  leads of  the amplif iers .  The larger  value of  output  source current  which is  
avai lable  at  25°C provides a  larger  output  current  capabi l i ty  at  e levated temperatures  (see 
typical  performance character is t ics)  than a  s tandard IC op amp.  



 
TYPICAL PERFORMANCE CHARACTERISTICS 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 


