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Single-Ended and Differential Operation
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Advantages of Differential Signals

Transmission Line Noise Cancellation
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Advantages of Differential Signals

Power Supply Noise Cancellation
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Converting Single Input to Differential
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Converting Single Input to Differential
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Differential Amplifier Definitions

* Common mode rejection rato (CMRR)
4yp
Ayc

CMRR is a measure of how well the differential amplifier rejects the common-mode
input voltage in favor of the differential-input voltage.

CMRR =

* Input common-mode range (/CMR)

The input common-mode range is the range of common-mode voltages over which
the differential amplifier continues to sense-and amplify the difference signal with
the same gain.

Typically, the JCMR is defined by the common-mode voltage range over which all
MOSFETSs remain in the saturation region.

» Output offset voltage (Vps(out))

The output offset voltage is the voltage which appears at the output of the differential
amplifier when the input terminals are connected together.

« Input offset voltage (Vps(in) = Vps)

The input offset voltage 1s equal to the output offset voltage divided by the
differential voltage gain.
Vos(out)
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Simple Differential Circuit
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Basic MOS Differential Pair
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“Current stealing “ phenomenon
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MOSFET Current Equation
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MQOS Differential Pair
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MQOS Differential Pair

Vbp
Differential Transconductance Gain vs. Input Voltage
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MQOS Differential Pair

Voo Differential Voltage Gain
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AVin= AVin1 is the maximum differential input that the amplifier can “handle”
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MQOS Differential Pair

Two types of Differential Gains
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CS Amplifier

CS stage with source degeneration.

2 Vo

ImV1
ED Vin = Vgs+ la R
Vin = 1Jgs+ Im vgs S
a b Vin = Vgs (1+ gmRs)
(a) (b)
Vout = —la Rp
Vout = —Vgs Im Rp
Gain = —9mfD — __FD
1+gm Rs L+R5
gm
8/13/2022 15

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Differential Mode Response
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Differential Mode Response
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Differential Mode Response

Single-ended Differential Voltage Gain
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Differential Mode Response

Comparison: Differential voltage gain of a differential amplifier vs voltage gain of a
CS amplifier

» If the same current source Iss drives the differential amplifier and the CS,
each transistor of the differential amplifier has gm which is 1/v2 of that of the
CS transistor. Differential gain reduces by a factor of 1/72 .

* If both amplifiers have the same.W/L in each transistor and the same load,

and we want the gain to be the same, then if we use Iss at CS, we need to
use 2Iss at the differential amplifier.
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The “Virtual Ground” Concept

¢/ :4 Vp = Vinz + IR
Vinl W Vinz
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5 e p = Vinz + TR
Vi 32 vV, | Vina
- S - 2 V= Vint + Vina
(W) 1+ P 2

» In a symmetric device (as above), if inputs change anti-symmetrically (one
goes up by a certain amount, and the other goes down by the same

amount), then Vr does not change.

» For small-signal analysis-point P becomes “virtual ground”
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The “Virtual Ground” Concept

The “Half-Circuit” Concept
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Differential Mode Response
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Differential Mode Response

Differential-mode small-signal half-circuit
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MQOS Differential Pair
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MQOS Differential Pair

MOS Differential Pair Vo Common Mode

A A v;;: Differential Mode
Hn § § Hu
V. V.
3 v, =V +-2L y =V -1
O—y iy ipy Y$—0 Up G1 v T, G2 T,
I
0, . ]
” V.. +Vv 4 -
¢ ‘L VCM=M, Vii =Ve1 = Ve
. ' 2
{ » i
S
v Ideally, no CM large DM
- eally, no response, large response
8/13/2022 25

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



MQOS Differential Pair

Common-Mode
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MQOS Differential Pair

Common-Mode Input vs. Output Swing Tradeoff

Ut
Each drain voltage can go L!:]“IHEJ:IJ
as high as Vp and as low
as Vi, cm~Vr. :
The larger Vi, o\, the smaller %P 5
the swing.
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MOS Differential Pair

Common-Mode
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If a voltage Vg IS needed-.across the current source, then
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inimise ?
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PMQOS Differential Pair
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Thank“you
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