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1. Consider a MOS differential pair shown below. When the common mode input signal 𝑉𝐶𝑀 is increased by ΔV, answer 

following questions. Assume 𝑅𝑆𝑆   ∞. (Neglect channel-length modulation, and M1 and M2 are the same if not the 

mismatch) 

 

a. Find 𝐴𝐶𝑀. (Assume that the circuit is symmetric without the mismatches, ΔW=0) 
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(M1 = M2 ➔ gm1 = gm2) 
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b. When the mismatch is small (ΔW  W), Find 𝐴𝐷𝑀. 

Since the node P is the virtual ground, 𝐴𝑣,𝐷𝑀 = −𝑔𝑚𝑅𝐷 

 

c. Find 𝐴𝐶𝑀−𝐷𝑀. 
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𝐼𝐷1 = 𝑔𝑚1(𝑉𝑖𝑛,𝐶𝑀 − 𝑉𝑃) 𝑎𝑛𝑑 𝐼𝐷2 = 𝑔𝑚2(𝑉𝑖𝑛,𝐶𝑀 − 𝑉𝑃). 

Since (𝐼𝐷1 + 𝐼𝐷2)𝑅𝑆𝑆 = 𝑉𝑃 , (𝑔𝑚1 + 𝑔𝑚2)(𝑉𝑖𝑛,𝐶𝑀 − 𝑉𝑃)𝑅𝑆𝑆 = 𝑉𝑃 

𝐴𝑛𝑑 𝑉𝑃 =
(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆

(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆 + 1
𝑉𝑖𝑛,𝐶𝑀 

𝑉𝑋 = −𝑔𝑚1(𝑉𝑖𝑛,𝐶𝑀 − 𝑉𝑃)𝑅𝐷 =
−𝑔𝑚1

(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆 + 1
𝑅𝐷𝑉𝑖𝑛,𝐶𝑀 

𝑉𝑌 = −𝑔𝑚2(𝑉𝑖𝑛,𝐶𝑀 − 𝑉𝑃)𝑅𝐷 =
−𝑔𝑚2

(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆 + 1
𝑅𝐷𝑉𝑖𝑛,𝐶𝑀 

𝑉𝑜𝑢𝑡 = 𝑉𝑋 − 𝑉𝑌 =
−(𝑔𝑚1 − 𝑔𝑚2)

(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆 + 1
𝑅𝐷𝑉𝑖𝑛,𝐶𝑀 =

−∆𝑔𝑚

(2𝑔𝑚 + ∆𝑔𝑚)𝑅𝑆𝑆 + 1
𝑅𝐷𝑉𝑖𝑛,𝐶𝑀 

𝐴𝐶𝑀−𝐷𝑀 =
𝑉𝑋 − 𝑉𝑌

𝑉𝑖𝑛.𝐶𝑀

=
−∆𝑔𝑚𝑅𝐷

(𝑔𝑚1 + 𝑔𝑚2)𝑅𝑆𝑆 + 1
=

−∆𝑔𝑚𝑅𝐷

(2𝑔𝑚 + ∆𝑔𝑚)𝑅𝑆𝑆 + 1
= 

 

d. Find CMRR. 

 

𝐶𝑀𝑅𝑅 = |
𝐴𝐷𝑀

𝐴𝐶𝑀−𝐷𝑀

| =
𝑔𝑚

∆𝑔𝑚

((2𝑔𝑚 + ∆𝑔𝑚)𝑅𝑆𝑆 + 1) 

 


