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Differential Amplifier
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Single-Ended / Differential Amplifiers

* Asingle-ended signal is defined as one that is measured with
respect to a fixed potential, usually GND.

* Adifferential signal is defined as one that is measured between
two nodes have equal and opposite signal.

* Common mode level . the center potential in difference signaling.

Single-ended signal Differential signal
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Single-Ended v.s. Differential Amp

* Differential signaling: higher immunity to environmental noise.

* Single-ended signal « Differential
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Single-Ended v.s. Differential Amp

* Reduction of coupled noise by differential operation

lM

N\

= J I

* Differential signaling : increase the maximum achievable voltage swings. The
peak to peak swing is equal to twice that of a single-ended signal.

 Example:
— Single-ended signal ~ V, =1sin &t

— Differential signal ~ V_, =1sinet V__=-1sinet V, , -V, =2sinat
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Basic Differential Pair
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Voo As the input CM level (V,, ., ) changes

Rp2 — The variation of the g, leads to a change in the
small-signal gain

— Shift the output CM level from its ideal value
v lowers the maximum allowable output swings.

Rpi=Rps=Rp — 10 Make the bias currents of the devices have
minimal dependence on the input CM level

— Differential pair with a current source bias
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Differential Amp — Qualitative Analysis

 The maximum and minimum levels at the output are well defined.
* The small-signal gain is maximumfor Vv, , = V, .

* The circuit becomes more nonlinear as the input swings increases.
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Input Common-Mode Range

* The tail current source is to suppress the effect of Lo1, 1op
input CM level variations. i

* For proper operation, M1, M2 and M3 should be
operated in saturation region.
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* IfV,, oy rises further, then M1 and M2 will enter the Vo Vi em
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Rp
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Vo 4[[ M,
A4 . .
All in saturation
M in triode M, ,M, in triode
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Input CM vs Output Swing

* The higher the input CM level, the smaller allowable output swing
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Maximum Input Range

For AV, =0 G = \jﬂncox(\N /D)y, Vi —Vour = RoAl =R,G, AV,

0

|A = \/:unCox(Vv IRy =GRy

G, fallsto zero for AV, =2l /(u,C, W /L) =AV,,
AV, , represents the maximum differential input that the circuit can handle.

For a zero differential input,
lpy=1p, =155 /2 (V<351 —Viy )1,2 =
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Voltage Gain of Differential Amplifier

 Method 1: By linear superposition

Common Source Vi _ 1_RD1
v inl -
out2 gml gm2
— Source Follower + Common Gate
— V, _ R, | V, -V, __g.R.
Vint i + i Vint = Vinz
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Equivalent Half Circuit

* Node P is a virtual ground

|1+ +|2

D4 D,
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Equivalent Circuit

e Conversion of arbitrary inputs to differential and common-mode components
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Superposition of CM and D

* For differential mode operation

M Signal
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Property of Differential Structure

* Advantage

% Reject common mode noise, including power supply noise.
<% Reduce the even-order harmonic distortion

< Increase output voltage swing

e Disadvantage
% Double the power consumption and circuitry.

< Need common mode voltage stabilization.

v, = (x,) + o, ()" +ay(x)’ +.....

Y =ay(—x)+ o, (—x,) +as(—x,)° +.....

Y=y, -y = 204 (%) + 205 (x,)° + ...
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Common Mode Response

* In a symmetric circuit, input CM variations disturb the bias points, altering the
small signal gain and possibly limit the output voltage swings.

* If the circuit is not symmetric, input CM variations will lead to the variation of
the differential output > Common mode to differential conversion.
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« The common-mode to differential conversion becomes significant at high
frequencies since R, is shunted by C,.
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Differential Pair Sensing CM Input
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Common-Mode Rejection Ratio

* The undesirable differential component produced by CM variations must be
normalized to the wanted differential output resulting from amplification.

* The common mode rejection ratio — CMRR

CMRR = ‘—ADM
AZM—DM

* If only g,, mismatch is considered (V,, ;= -V, , ) (use p.13 method)

— RD gml + gm2 + 4gmlgm2RSS
Ao | =
2 (gm1+gm2)RSS +1

e The CMRR can be derived as

CMRR — gm1+ gmz +4gm1gm2RSS ~ gm (1_|_2g mRSS)’ gm — gml + gm2
2AQ,, Ag 2

m
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Differential Pair with MOS Loads

 Diode load  Current source load
Vpp
o Ma
Vp H= I M,

A\/ =—0Om (rON ” rop)

Output CM not well defined
Need CM Feedback circuit
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Differential Pair with MOS Loads

e Addition of current sources e Cascode differential pair
to increase the voltage gain
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A ~ _gml[(gm3r03r01) [ (gm5ro5ro7)]

I, (M, M4):O.2% ,

g,,(M,, M,) decresed to be 1/5, Gain increased x5
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Gilbert Cell as a Variable Gain Amp

* The small-signal gain is a function of tail current

* The two transistors in a differential pair provide means of steering the tail
current to one of two destinations

V V
\;-utl - _ngD’ \(;'j]tz = ngD
VoutlzRDIDl_RDIDZ’ Vout2:RDID4_RDID3

Vout :Voutl +Vout2 = A.LVm + szm - RD(IDl + ID4)_ RD(IDZ + ID3)
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Gilbert Cell as a Variable Gain Amp

* An amplifier whose gain can continuously varied from a negative value to a
positive value
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