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Abstract - The present invention relates to the “CMRR of 

Op-Amp” developed for Characteristics Improvement of 

Operational-Amplifier. CMMR is an acronym for Common Mode 

Rejection Ratio which is a measure of the capability of an op-amp 

to reject a signal that is common to both inputs [2,15]. Ideally, 

CMRR is infinite: if both inputs fluctuate by the same amount, 

then it will not affect the output. But practically its value depends 

on the circuit used and the value of its components [1, 11]. 

Practical value of CMRR is 90db, but this invention will improve 

its conventional value. In order to improve the performance of an 

Op-Amp, a method has been proposed, measurement setup has 

been improved to characterize CMRR more accurately according 

to its ideal value over wider frequency range. Practically op-amps 

have high CMRRs, the ubiquitous 741 has approximately 90 dB, 

and almost 3,000 devices are using this in terms of a ratio [3, 5]. 

CMRR can be enhanced up to 90 to 100 dB using the proposed 

method.  
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I. INTRODUCTION 

The term op amp, abbreviated as operational amplifier, is 

special type of amplifier in which proper selection of external 

components is used to perform various   mathematical 

operations [13, 16]. Op-amp is the backbone of Electronic 

Instrumentation. Its performance is based on various 

parameters, such as  

• Open-loop gain    

• Input impedance 

• Input offset voltage 

• Output voltage range 

• Bandwidth with zero phase shift  

• Slew rate. 

• Output impedance  

• CMRR 

 The work has been proposed to improve CMRR of 

operational amplifier [6]. 

Let V1=V1d+Vn (V1 is the input at inverting terminal) and 

V2=V2d+Vn, (V2 is the input at non inverting terminal) where 

differential input signal is Vd = V1d-V2d and Vn is the 

common input signal [3, 5]. The output of differential 

amplifier will be in the form Vout = Ad*(Vd) +Ac*Vn, then the 

Common Mode Rejection Ratio of a differential amplifier is 

 
 

Manuscript published on 30 January 2019. 
* Correspondence Author (s) 

Himanshu Sirohia, Assistant Professor, Jayoti Vidhyapeeth Women’s 
University, Jaipur, Rajasthan, India.(e-mail: himanshusirohia@gmail.com) 

Koushik Chakraborty, Assistant Professor, Jayoti Vidhyapeeth 

Women’s University, Jaipur, Rajasthan, India 
Neha Mathur, Assistant Professor, Jayoti Vidhyapeeth Women’s 

University, Jaipur, Rajasthan, India 

 
© The Authors. Published by Blue Eyes Intelligence Engineering and 

Sciences Publication (BEIESP). This is an open access article under the 

CC-BY-NC-ND license https://creativecommons.org/licenses/by-nc-nd/4.0/ 
 

 

defined as the: 

 

CMRR=20*log10 (Ad/Ac) 

Where Ad is differential mode signal gain and Ac is 

common mode signal gain. Thus by improving the ratio of 

(Ad/Ac), CMRR can be enhanced to improve the 

characteristics of op-amp [1, 4]. 

Calculating CMRR by changing the values of 

components used 

For the Calculation of CMRR we need both differential 

mode signal gain (Ad) and common mode signal gain 

(Ac)[7,12]. Here are the formulas with a brief explanation:  

Step-1: The differential gain is: 

Ad= Rc / (2 * (Re + re)) 

Where, Re is the emitter resistors value  

             re is the intrinsic emitter resistance 

Step-2:  The common mode gain is given by: 

Ac = -Rc / ((2*R3) + Re + re) 

Where, “- “ sign means the output is inverted (180° shift)  

     R3 is the “tail” resistor 

Step-3: The CMRR can either be calculated using the 

above results, or can be calculated directly using: 

CMRR=20*log10 (Ad/Ac) 

II. IMPLEMENTATION  

The Common mode rejection ratio (CMRR) is the most 

important specification and indicates how many of the 

signals in common mode are present for measurement [8,17]. 

The value of the CMMR often depends on the frequency of 

the signal and the function must be specified. The CMMR 

function is specifically used to reduce noise on transmission 

lines [9, 11]. For example, when measuring the resistance of a 

thermocouple in the noisy environment, ambient noise 

appears as a deviation on both input lines and makes it a 

common mode voltage signal. The CMRR instrument 

determines the attenuation applied to noise[10,14]. 

Task 1: For Rc Variation and Re and re Fixed 

Case 1:    

Using Rc Variable value = 75 k ohm  

     Fixed Re value =100 ohm  

 re Intrinsic Emitter Resistance value 250 ohm 

   a)  Ad= 75k/ (2 * (100 + 250)                                          

        Ad= 75k/ 700 

        Ad= 107 

   b) Ac = -Rc / ((2*R3) + Re + re) 

        Ac = -75 k / ((2*75k) + 100 + 250) 

        Ac = 0.5 
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  c)  CMRR=20*log10 (Ad/Ac) 

        CMRR=20*log10 (107/0.5) db 

        CMRR=46 db 

Case 2:  

Using Rc value = 150 k ohm 

      Fixed Re value =100 ohm  

 re Intrinsic Emitter Resistance value 250 ohm 

a)  Ad= 150k/ (2 * (100 + 250)                                          

     Ad= 75k/ 700 

     L]Ad= 214                                          

b) Ac = -Rc / ((2*R3) + Re + re) 

     Ac = -150 k / ((2*150k) + 100 + 250) 

     Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac)                                    

     CMRR=20*log10 (214/0.5) db 

     CMRR=52.62 db 

Case 3:  

Using Rc value= 450 k ohm 

Fixed Re value100 ohm                                                                 

re Intrinsic Emitter Resistance value 250 ohm 

a)  Ad= 450k/ (2 * (100 + 250)                                          

     Ad= 75k/ 700 

     Ad= 642 

b) Ac = -Rc / ((2*R3) + Re + re) 

     Ac = -450 k / ((2*450k) + 100 + 250) 

     Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

        CMRR=20*log10 (642/0.5) db 

        CMRR=62.17 db                                            

Case 4:   

Using Rc value= 75 M ohm 

Fixed Re value100 ohm  

 re Intrinsic Emitter Resistance value 250 ohm 

a)  Ad = 75M/ (2 * (100 + 250)                                          

     Ad = 75M/ 700 

     Ad = 107142 

b)  Ac = -Rc / ((2*R3) + Re + re) 

      Ac = -75M / ((2*75M) + 100 + 250) 

      Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

     CMRR=20*log10 (107142/0.5) db 

     CMRR=106 db 

Task 2: For Re Variation and Rc and re Fixed 

Case 1:  

For Re value= 100 ohm 

Fixed Rc value 75k ohm  

 re Intrinsic Emitter Resistance value 250 ohm  

a)  Ad= 75k/ (2 * (100 + 250)   

     Ad= 75k/ 700 

     Ad= 107 

b) Ac = -Rc / ((2*R3) + Re + re) 

     Ac = -75 k / ((2*75k) + 100 + 250) 

     Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

     CMRR=20*log10 (107/0.5) db 

     CMRR=46 db 

Case 2:  

Using Re value= 50 ohm 

 Fixed Rc value75k ohm  

 re Intrinsic Emitter Resistance value 250 ohm 

a)  Ad= 75k/ (2 * (50 + 250)       

     Ad= 75k/ 600 

     Ad= 125 

b)  Ac = -Rc / ((2*R3) + Re + re) 

      Ac = -75 k / ((2*75k) + 50 + 250) 

      Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

      CMRR=20*log10 (125/0.5) db 

      CMRR=47.95 db  

Case 3:  

Using Re value= 10 ohm 

Fixed Rc value75k ohm  

 re Intrinsic Emitter Resistance value 250 ohm      

a)  Ad= 75k/ (2 * (10 + 250)                  

     Ad= 75k/ 520 

     Ad= 144 

b) Ac = -Rc / ((2*R3) + Re + re) 

     Ac = -75k / ((2*75k) + 10 + 250) 

     Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

     CMRR=20*log10 (144/0.5) db 

     CMRR=49.18 db  

Case 4:  

Using Re value= 1 ohm 

Fixed Rc value75k ohm  

re Intrinsic Emitter Resistance value 250 ohm 

a)  Ad= 75k/ (2 * (1 + 250)                                          

     Ad= 75k/ 502 

     Ad= 149 

b)  Ac = -Rc / ((2*R3) + Re + re) 

      Ac = -75k / ((2*75k) + 1 + 250) 

      Ac = 0.5 

c)  CMRR=20*log10 (Ad/Ac) 

     CMRR=20*log10 (149/0.5) db 

     CMRR=49.48 db 

III. RESULTS 

CMRR on behalf of Ad, Ac depends on Rc, Re and re.           

 

Case-I: for Rc Variation 

S.No Rc(Ohm) Ad Ac CMRR(dB) 

1 75k 107 0.5 46 

2 150k 214 0.5 52.62 

3 450k 642 0.5 62.17 

4 1M 107142 0.5 106 

 

Case-II: for Re Variation 

S. No Re(Ohm) Ad Ac CMRR(dB) 

1 100 107 0.5 46 

2 50 125 0.5 47.95 

3 10 144 0.5 49.18 

4 1 149 0.5 49.48 
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 Case-III: for re Variation 

Since re is the intrinsic emitter resistance, which is device 

(Transistor) dependent value so there is no possibility to 

change it. 

IV. CONCLUSION 

 CMRR calculation comprises ratio of differential gain 

(Ad) and common mode gain (Ac).In order to improve 

CMRR a circuit is designed, using transistor, resistors and 

required input voltage. Designed circuit is providing 46db 

CMRR. Rc(collector resistors value) is one of the parameter 

to change the value of CMRR. Calculation of differential 

gain (Ad) depends on Rc (collector resistors value) and   

variation of Rc is providing improved value of (Ad). 

Calculation of common mode signal gain (Ac) depends on Rc 

(collector resistors value) but variation of Rc is providing 

constant value of Ac. The result is clearly shows the direct 

dependency of Ad over CMRR. Re(emitter resistors value) is 

second parameter to change the value of CMRR. Calculation 

of differential gain (Ad) also depends on Re (the emitter 

resistors value)   and variation of   Re is providing slightly 

improved value of (Ad).Calculation of common mode signal 

gain (Ac) also depends on Re (the emitter resistors value) but 

variation of   Re is providing constant value of (Ac).The 

result is clearly shows the direct dependency of Ad over 

CMRR calculation. re(intrinsic emitter resistance) is third 

parameter to change the value of CMRR but it is device 

(Transistor) dependent value so there is no possibility to 

change it. Simulation result proves that Rc (collector resistors 

value) is perfect parameter for the improvement of 

CMRR.CMRR is increased from 46 db to 106 db by varying 

the corresponding component value. 

REFERENCES 

1. P. Pandey, J. Silva-Martinez, and A. Liu Xuemei, “CMOS 140-mW 

fourth-order continuous-time low-pass filter stabilized with a class 
AB common-mode feedback operating at 550 MHz”,IEEE Tran. Circ. 

Syst. I: Reg. Papers 56, 811–820(2006). 

2. V. Saari, M. Kaltiokallio, S. Lindfors, J. Ryynanen, and K.A.I. 
Halonen, “A 240-MHz low-pass filter with variable gain in 65-nm 

CMOS for a UWB radio receiver”, Tran. Circ. Syst. I: Reg. Papers 56, 

1488–1499 (2009). 
3. Afzali-Kusha, M. Nagata, N.K. Verghese, and D.J. Allstot, “Substrate 

noise coupling in SoC design: modeling, Avoidance, and validation”, 

Proc. IEEE94, 2109–2138 (2006). 
4. E. Charbon, R. Gharpurey, P. Miliozzi, R.G. Meyer, and A. 

Sangiovanni-Vincentelli, “Substrate Noise: Analysis and 

Optimization for IC Design” , KAP, Boston, 2003. 
5. P.E. Allen and D.R. Holberg, “CMOS Analog Circuit Design”, 

Oxford University Press, Oxford, 2002. 

6. G. Giustolisi, G. Palmisano, and G. Palumbo, “CMRR frequency 
response of CMOS operational transconductance amplifiers”, IEEE 

Tran. Instrument. Measurement 49, 137 143(2000). 

7. C. Sripaipa and W.H. Holmes, “Achieving wide-band common-mode 
rejection in differential amplifiers”, Proc. IEEE 58, 600–602 (1970). 

8. A. Ciubotaru, “Technique for improving high-frequency CMRR of 

emitter-coupled differential pairs”, IET Electronics Letters 38, 943–
944 (2002). 

9. F. You, S.H.K. Embabi, and E. Sanchez-Sinencio, “On the common 

mode rejection ratio in low voltage operational amplifiers with 
complementary N-P input pairs”, IEEE Tran. Circ.Syst. II: Analog 

Digital Signal Proc.44, 678–683 (1997). 

10. P.S. Crovetti and F. Friori, “Finite Common-mode rejection in fully 
differential operational amplifiers”, IET Electronics Letters 42, 615–

617 (2006). 

11. S. Szczepanski, J. Jakusz, and R. Schaumann, “A linear fully balanced 
CMOS OTA for VHF filtering applications”, IEEE Tran. Circ. Syst. 

Part II: Analog Digital Signal Proc. 44, 174– 187 (1997). 

12. S. Koziel and S. Szczepanski, “Dynamic range comparison of 
voltage-mode and current-mode state-space Gm-C biquad filters in 

reciprocal structures”, IEEE Tran. Circ. Syst. I: Regular Papers50, 

1245–1255 (2003). 
13. J.F. Fernandez-Bootello, M. Delgado-Restituto, and A. 

Ro-drıguez-Vazquez, “IC-constrained optimization of 

continuous-time Gm-C filters”,Int. J. Circ. Theory Applic.40, 127–
143(2012) 

14. P. Pandey, J. Silva-Martinez, and A. Liu Xuemei, “CMOS 140-mW 

fourth-order continuous-time low-pass filter stabilized with a class 
AB common-mode feedback operating at 550 MHz”, IEEE Tran. 

Circ. Syst. I: Reg. Papers 56, 811–820 (2006). 

15. G. Giustolisi, G. Palmisano, and G. Palumbo, “CMRR frequency 
response of CMOS operational transconductance appliers”, IEEE 

Tran. Instrument. Measurement 49, 137–143 (2000).  

16. C. Sripaipa and W.H. Holmes, “Achieving wide-band common mode 
rejection in deferential amplifiers”, Proc. IEEE 58, 600– 602 (1970).  

17. A. Ciubotaru, “Technique for improving high-frequency CMRR of 

emitter-coupled differential pairs”, IET Electronics Letters 38, 943–
944 (2002).  

https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/

