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Response to AC Common Mode Signal

* Can this circuit be simplified into two half circuits
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* What is the value of V
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Response to AC Common Mode Signal
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The circuit is similar to common
source with source resistance

Neglecting r,

e 29mRss v

Common mode gain is typically<<1l
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Common Mode Rejection Ratio (CMRR)

« Being insensitive to common mode signals is one of the main advantages of the

differential pair.

« CMRR is a measure of how ideal the differential pair is:
ADM
CMRR — |ADM| vid/z_"' ? Vo+
|ACM| —Via/2— - V

y Vo
« |deally, CMRR goes to infinity. Vinecw | + vo

 Factors degrading CMRR: Acm

 Mismatches between MOS, Resistors, current sources, ....

« Tail current output resistance.
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CMRR: Common Mode Rejection Ratio

» As long as the circuit is symmetric CM variations remains CM

» What is the impact of common mode variations in the presence of circuit asymmetry?
* In case the resistors are mismatched due to fabrication, and neglecting the channel length modulation:

Vout1 _ Rp Vout2 _ Rp + ARp

Vinem 1/9m + 2Rss Vincm 1/9m + 2Rgs Vop
ARp

Vout,DM = Vout1 — Vourz = — 1/9 TR Vin,CM Rp Rp+ ARp
" . Voutt X Y Vout2

* In the presence of mismatches, input common mode Vin.cm m, M,
variations introduce a differential component at the output! l ' F'

« Could lead to input common mode noise appearing at the

' i Ass
differential output
CMRR = |-22| = gmRp _ Rp + 2gmRssRp _ 2gmRssRp
Acm|  ARp/(1/gm + 2Rss) AR ARj,
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Differential Pair Summary

» Differential pair rejects common mode
noise

» DC voltage Is the same on both sides Voo

« Small signal input can be written as . s
common mode component and differential ’ ’
mode component (superposition can be ke | | e

used) o ,:Li | (j:I o
* For differential mode, source node voltage ? ! ?

= 0V due to symmetry — @ L

* For common mode, circuit can be split
Into two half circuits due to symmetry (no ~Vis
current from left half to right half)
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Half- CerU|tAnaIyS|s — Example
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Current Source Load
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Taking r, into account, and assuming r, =r,,,
Ad = gml(rol // r'03)

and r,=r,:

11/29/2023



MOS Differential Pair with Active Load

 High output impedance Voo
« Single ended output I
* Assume Q1 and Q2 has same g,, and r,

Im1 = Imz2 = Ymnw Vo1 = To2 = Ton Q"‘——’I ‘—Ir—_Q4
* Assume Q3 and Q4 has same g,, and r,
Im3 = Ima = Imp>T03 = Tosa = Top
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MOS Differential Pair with Active Load
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* KCL at output node— gy, Vg3 = @ + 9mn (— v% — vs) .. (1)
on
_ — Yg37 Vs Yid _
* KCLat vy node— —gmpvgs = ~——+ gmn =, — s .. (2)
on
Vo

_ vo—vg3 —_
e Subtract (1)-(2)—>ngpvgg =T ImnVid, US€ Vg3 = — 29mpTop

* Note that v, is not OV (you can prove vs~v;;/4)

= Vo= gmn(ron | Top)
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MOS Differential Pair with Active Load

* To get differential gain
» Calculate transconductance G,
* Calculate R,
* Gain=G_R

m*® *out

e Circuit I1s not symmetrical, half circuit

concept cannot be used
* When calculating Gm, output is short circuit
to ground, v will be close to 0V (Need to

prove it first, write KCL at v 3 and vg nodes
and get vg as a function of v,)
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MOS Differential Pair with Active Load

Imn Vid - ImnVid
ylop = — Vo2 = V;
Imp 2 0 2 gmp g3 ImnVid

* Hence G,;;, = 9mn
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MOS Differential Pair with Active Load

_ lx1
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R; =10 + Ry + gmnTonR2 = 215y,
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1 Imp

« R, = Ton+t1/9mp 1
2 ImnTon Imn

* Ry =155 + Ry + GmnTonR2 = 215,

_ W
° l i
x1 R, v,
V. V. V. V.
Top R3 Top TonllTop

Rout = Ton |l Top

* Aam = GmRout = GmnTon |l Top
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Common Mode Gain Analysis

* Neglecting r,, KCL at source node

Vs = 29mn(Wicy — Vs)Rss

v = 29mnRssVicm
’ 1+ ngnRSS 1 I r r
Imp op ImpVg3 op
- Vicm
g2 1 + ngnRSS o—ovg_;:
® o v,
Vj 1 .
* Vg3 = — ImnVicm ( I rop) Vici 0—— ——oVicM
1+2gmnRss \Imp
« KCL at output node G Vicas — m@ <;> GmnWicw — vs)
ImnVicm bg v+ Vo 0 Vs
3 +—=
1+ ngnRSS g rop
Y = — ImnVicm Top N _;v. R
° 1+ ngnRSS 1+ gmprop ngpRss e

U, 1

Acm = e
11/29/2023 Viem 29mpRss
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