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Double-ended (differential) operation 





Common Mode Rejection Ratio (CMRR)=Ad/Ac=  





-VCC 



DIFFERENTIAL AMPLIFIER CIRCUIT 
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(VCC-IE/2 RC , IE/2) 
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re=Vt/IE 

Vo= - 

Av=-Rc/2re 
Av=-Rc/2re 

vi=vi1-vi2 
Vo=vo1-vo2= -Rc/re (vi1-vi2) 
              =-Rc/re vd 

Vo1=-Rc/2re vi1+Rc/2re vi2 
 
Vo2=Rc/2re vi1-Rc/2re vi2 



IE= 8.3/43 mA 
re =25*43*2/8.3 =269   
 
Re= 20/75 k=267  

Av=-47/2*0.267 
= -88  
Vo= -176 mV 
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Ac=-RC/(re+2RE) 



1 2 
RC1 RC2 
 
ACM=?  
 
 



- - - 





10k 

R2=1k 
 







vd=v1 
Ad= 
Vo = -Ad(v1-v2) 
(v1-v2)=-vo/Ad =0 
v1=v2=0 
Virtual short 
Virtual ground 

Av=-Rf/R1 

Closed-loop 

Vo=-i1Rf 
 
Gm vin=Iout 
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DC Imperfections 

i/o Offset Voltage 









Input bias current 

Offset current 







Effect of Finite Open-Loop Gain and Bandwidth on 
Circuit Performance 

Unity gain bandwidth 





Slew rate 





A Superior Circuit: The Instrumentation Amplifier 
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OP-AMPS WITH NEGATIVE FEEDBACK  
 
 An op-amp can be connected using negative feedback to stabilize the gain 

and increase frequency response.  
 The closed-loop voltage gain is the voltage gain of an op-amp with external 

feedback.  
 The closed-loop voltage gain is determined by the external component 

values and can be precisely controlled by them.  
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INSTRUMENTATION AMPLIFIERS 

Ref: Floyd  

• Instrumentation amplifiers are commonly used in environments with high common-
mode noise such as in data acquisition systems where remote sensing of input variables 
is required. 

• The main purpose of an instrumentation amplifier is to amplify small signals that may be 
riding on large common-mode voltages. 

•  The key characteristics are high input impedance, high common-mode rejection, low 
output offset, and low output impedance. 
 

Fig. The basic instrumentation amplifier using three op-amps. 

I 

V1 
 
 
 
V2 



I = (Vo1-Vo2)/(R1+Rgain+R1) ……………………….(1) 
I = (Vo1-Vo2)/(2R1+Rgain) 
Since no current is flowing to the input of the op-amps 1 
& 2, the current I between the nodes G and H can be 
given as, 
I = (VG-VH) / Rgain = (V1-V2) / Rgain……………………….(2) 
Equating equations 1 and 2, 
(Vo1-Vo2)/(2R1+Rgain) = (V1-V2)/Rgain 
(Vo1-Vo2) = (2R1+Rgain)(V1-
V2)/Rgain ……………………….(3) 
The output of the difference amplifier is given as, 
Vout = (R3/R2) (Vo1-Vo2) 
Therefore, (Vo1 – Vo2) = (R2/R3)Vout 
Substituting (Vo1 – Vo2) value in equation 3, we get 
(R2/R3)Vout = (2R1+Rgain)(V1-V2)/Rgain 
i.e. Vout = (R3/R2){(2R1+Rgain)/Rgain}(V1-V2) 

Acl=R3/R2 (1+2R1/Rgain) 



Iin 

Vd=IinZin   Zin-input impedance of op-amp in open loop 
condition 
 
vin-vf=vd 
vf=Bvo ;   B=Ri/Ri+Rf;  vout=Aolvd 
Vin=IinZin(1+BAol) 
Zin(NI)=Vin/Iin=Zin(1+BAol) 



Logarithmic amplifier 







Trans-resistance amplifier  current dependent voltage source 
R=Vout/Iin 



Half-wave rectifier 





0 

Vo+=viR2/R1 R5/R4 
Vo-=-viR3/R1(1+R5/R4) 
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Clampers 



Vout=Vin+|Vp−|+Vref 









Zero crossing detector 







UTP=Vref+=R2/R1+R2 (12)=6V 
LTP=Vref-=R2/R1+R2 (-Vsat)=-6V 

V->V+  vout=-Vsat 
V-<V+ vout= Vsat 



Lower trip point 


