ECE 523/421 — Analog Electronics

Lecture 12: Differential Amplifiers:
Small Signal Operation

Payman Zarkesh-Ha

Office: ECE Bldg. 230B
Office hours: Tuesday 2:00-3:00PM or by appointment
E-mail: pzarkesh@unm.edu
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Review of Last Lecture

d MOS Differential Amplifier
d Common Mode Input

d Differential Model Input

O Large Signal Operation
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Today’s Lecture

MOS Small Signal Differential Amplifier
Half-Circuit Differential Mode
Half-Circuit Common Mode

Active Load Differential Amplifier
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MOS Differential Gain
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Differential Half-Circuit
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Example: Differential Half-Circuit

VD:') -
R); i i R,
Rp
Rf.
— W
® o T
o—] 0, 0, F———— "
Vem 4+ — Vey — 2 Uy AL
R R. ? O I Ql D
i R; =
VSS T
(a) (b)

_ Vod _ RDH(RL/Z)
Vid 1/gm T RS

ECES23/421 - Lecture 12 University of New Mexico Slide: 6



Example: MOS Differential Amplifier

1) Let1=0.8mA, (W/L)=100, K’',=0.2mA/V?, V,=20V, Ry;=5KQ. Find V4, 9,
r,, and A,.
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Differential Amplifier with Active Load
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Example: MOS Differential Amplifier

1) Let K',=400uA/V?, K',=100uA/V?, | V| =0.5, | V' | =10V/um, I=200uA,
L=0.36um, | Vo, |=0.2V find (W/L) and A,.
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Cascode Differential Amplifier
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Example: MOS Differential Amplifier

1) Let K',=400uA/V?, K',=100uA/V?, | V| =0.5, | V' | =10V/um, I=200uA,

L=0.36um, | Vo, |=0.2V find (W/L) and A,.
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Common Mode Gain
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* Assuming differential output
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R, Mismatch and Common Mode Gain
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* Assuming differential output
ECES23/421 - Lecture 12 University of New Mexico Slide: 13




d,, Mismatch and Common Mode Gain

( Vol _ V02 _ RD
ldeal Case < Vien  Viem 1/9,. + 2R
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* Assuming differential output
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Common Mode Rejection Ration

omrr -2 CMRR(dB)= 20 |og£ﬂj
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* Assuming differential output
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