1D

Indraprastha Institute of ECE315/515

Information Technology Delhi

Lecture—12 Date: 26.09.2016

e Differential Pair with Common Mode Input

e Examples
* Common Mode Rejection Ratio
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\ MOS Differential Pair — Common Mode Response

Quantitative Analysis

* In ideal condition, differential pair has the ability to suppress variations in
the common-mode voltage
* However, in practical scenarios there is always some CM output
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Case-l: differential pair is symmetric but the current source has finite output

impedance. ings M,
Voo Voo and 2\ Voo
| Symmetry allows ! % paralle

£ = . =R R
. o Ao shorting of node X > Fo
out1 =X Yr—Vourz X Y 2
) - andYas V,=V, . N Vouy
in,CM °—1 M, M in,cM © I | gy u
| L—QF‘ — M, Pﬁ ’ Vincmo—{ 2 M, + M,
= Rgg Rss RAgg
Finite Output Impedance | L
vV R /2 {\This shows that in a symmetric
The CM gain is then: A, =y ot =~110 = - differential pair, input CM
in,CM (295) + Rss variations disturb the bias points

altering the gain
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MOS Differential Pair - Common Mode Response (contd.)

Thus the finite output impedance of the tail current source results in some
common-mode gain in a symmetric differential pair

[ In addition, input CM variations also limit the output voltage swings]

Case-ll: Effect of input common-mode variation when there is mismatch in Ry and
the differential pair suffers from finite output impedance of current source.

V,
o « What happens to V, and V, as V.
R Ro+ AR . ’
o b+ 2Ho increases?
Vout1 X Y 1""m.lt:c’.

* Since M; and M, are symmetric - |y, and I,
Vi Ot .
incm o=t My Mo I"| increases by same amount:

Y R
Rss- AID :g—mAVin cM
1+29,,Ry ’

* The respective change in V, and V, are given by:

‘ g \ 0
AV, =—-AV. —=" ___R AV, =—-AV. —=" (R, +AR
X incM 1 zngSS D { y incM 1 zngSS ( D D)]
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MOS Differential Pair - Common Mode Response (contd.)

 The differential
i g 9 9
output due to mis- [AVX — AV, =—AV,, oy {—’“ R, — "R, - m ARDH
matched Ry, is: 1+2,Rs ~ 1420,R — 1+20,Rs

g
AV, —AV, =| ——T— AR, [AV.
X Y (1+29mR35 D] mCMJ

* |t is apparent that a small common-mode input can generate a differential mode
output - usually denoted by a metric called Ay, oy

AV, —AV.
VDM = oy = on AR,
AV om 1+29,Rs

Thus a common-mode input introduces a differential component, when the
load is mis-matched, at the output

[circuit exhibits common-mode to differential conversion]

if the input of a differential pair includes both a differential signal and
common-mode noise, the output is corrupted version of the input
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MOS Differential Pair - Common Mode Response (contd.)

Voo
= Rp+ ARy, /

ey — Y

2V VMIDMCE—{E‘M—ET Big concern for Analog
Ny "in.CM@I = A5 Circuits

e+ )
=}
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Impact of common-mode to differential conversion

 With the increase in frequency of operation, the total capacitance (arising from
the parasitics of the current source and the source-bulk junctions of M, and M,)
shunting the tail current source introduces larger tail current variations - This
large variation causes substantial common-mode to differential conversion
even for very high output impedance of current source

VDD
= n, Furthermore, The asymmetry due to
2 3
Vout1 —4 X Yo Vous: load impedance mismatch (and hence

Vinemo——ifon, Mz;jw the resulting common-mode to

7 differential conversion) corrupts the
C1I S‘D’ss amplified differential output
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Common-Mode Response (contd.)
Impact of common-mode to differential conversion
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e  Summary: the common mode response of differential pairs depend on the
output impedance of the tail current and the asymmetries in the circuit -
manifestation of two effects
e Variation of the output CM level (in the absence of mismatches)

*  Shifting of input common-mode variations to higher level at the output

e How about presence of mismatches?

* Mismatches in Ry and mismatches in transistors (i.e, mismatches in
transconductance)

e The impact of transconductance mismatch on common-mode to
differential conversion is more significant

Case-lll: Effect of mismatches between M, and M, (dimension and V; mismatches)

The asymmetry due to mismatch in the transistors generates slightly
different currents in the two paths - leads to unequal transconductance




D

Information Technology Delhi

Indraprastha Institute of ECE315/515

Common-Mode Response (contd.)

Voo
i L |D1 =0 (Vin,CM _VP) ID2 = Omo (Vin,CM _VP)
"'RD RD = / >
X Y VP:(ID1+ID2)RSS —~V (gm1+gm2)RSS v J
M M P~ in,CM
toone o (92700 R +
G No more AC
grounded
i =V, =V — I RDVin,CM =V, =V, - In: RoVincm
(gm1+gm2)RSS +1 (gm1+gm2)RSS +1 ’
gml_ng
SV, =V, =— R.V.
§ ! (gm1+gm2)RSS +1 o
* The mismatch in the transistors convert Vi =V, Ag. R,

ACM_DM ) Vin,CM __(gm1+gm2)RSS +1

Unwanted

the input CM variations to a differential
error by a factor:
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Common-Mode Response (contd.)

* Ideally, this unwanted A.,y IS normalized to the CMRRz‘ Ao
wanted Ap,, - the normalization factor is called CMRR A —om

 For a differential pair with mis-matched transistor R A R
but ting at equilibrium, the differential gain is: |Aow| =~ 22~ Indne s
* M
ut operating at equilibrium, the differential gain is: 2 14+(gm + 9o ) Rss

= CMRR = ‘ Pow
Acmi_om

— gm1+gm2+4gmlgm2RSS — gm (

2AQ,, Ag

1+ 2ngssﬂ e WhEI‘E, gm = (gm1+ ng)lz

m
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Example -1

* In the following circuit, (W/;)12=""s , W/1)34= 1% and Iss =
0.5mA. Also, Igg is implemented with an NMOS having (W/,)ss= >%/¢ s
while Vg =3V.

 What are the minimum and maximum allowable input CM levels if
the differential swings at the input and output are small.

Table 2.1 Level 1 SPICE Models for NMOS and PMOS Devices.
m

NMOS Model
LEVEL =1 VIO =0.7 GAMMA =045 PHI=09
NSUB =9e+14 LD=008e-6 UO =350 LAMBDA = 0.1
TOX =9¢ 9 PB =09 CJ = 0.56e-3 CJSW = 0.35e—-11
MJ =045 MJSW = 0.2 CGDO =04e-9 JS=1.0e-8
PMOS Model
LEVEL =1 VTO =-0.8 GAMMA = 0.4 PHI=0.8
NSUB =5e+14 1D =0.09e-6 UO =100 LAMBDA = 0.2
TOX = 9e-9 PB=0.9 CJ =0.94e-3 CJSW = 0.32e-11

MJ=10.5 MJSW = 0.3 CGDO =0.3e-9 JS =0.5¢-8
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Example — 1 (contd.)

W) 50 2l
(—j = | =05mA ) (Vo) = \/ W =027
L), 05 j
SS

Iy = % =0.25mA ) (Vo ), =0.193v

[(vm,CM ) =Ves + (Vo )y = o.7+o.193+o.273:1.17v]

21
‘ (Vin,CM )max =Vop = Ness| + Vi Vass| = Mre| + Dij =1.61v
3

:upCox (T

“(Vinew ), =3-1.61+0.7=2.00V
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Example — 2

* In the following circuit, ("/;)12= %% and Rp = 2kQ. Suppose Rgg
represents the output impedance on an NMOS current source with
W/ ss= °%/y.5 and a drain current of 1mA. The input signal consists of
Vinom = 1.5V + 1, (t), where V,,(t) denotes noise with a peak-to-peak
amplitude of 100mV. Assume 2R/, = 0.5%.

e (Calculate CMRR
VDP
RD% %HD"F .‘.’.'.‘LRD [\j
s Mol
%[Rss




