Lect. 9: Differential Amplifiers

Differential Amplifier
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If Vg1 = Vaz, Vo = Vp1-Vp2 = 0
If vg1 > Vg, Vv, <0

Ifvg1 <Vgp, V>0

Non-zero output only for input difference
=>» Differential amplifier
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Lect. 9: Differential Amplifiers

; Consider Common-Mode and Differential-Mode
% separately.
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Lect. 9: Differential Amplifiers

C0mm0n-M0de VG1= VG2 - VCM
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=» Input common-mode range
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Lect. 9: Differential Amplifiers

Differential-mode small-signal analysis
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Lect. 9: Differential Amplifiers

Differential-mode small-signal half-circuit =» Consider only half circuit
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Differential pair acts as CS amplifier for input difference!
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Lect. 9: Differential Amplifiers

Voo Why a differential amplifier?
R,; R - Not sensitive to noises that are common
to both input signalis.
O——0 — 1 O——0 1)
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U1 — V(:u ”lr T'n//z I__.(. | ‘ —:| Ugr — V('—.u = "'nr/z
; Common-Mode Rejection Ratio

CMRR = |A/A,|

|deally, infinite
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What if the current source is NOT ideal?

Common-mode
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v, (Left and Right are
symmetric)
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Lect. 9: Differential Amplifiers

Common-Source with source resistance
Common-mode half circuit
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=» common-mode gain due to R for single-ended output

Differential output (v, = v, -V,,), V,=0
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Lect. 9: Differential Amplifiers

What if the current source is NOT ideal? Differential-Mode

With anti-symmetric input,
2 . the mid-point is still small-signal ground!
vid/2 o—lliq_), QJ:I|_< - Vid/2 Ad = —gm(RD ” ro)

CMRR: Common-Mode Rejection Ratio

] % @ (Single-ended output)
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MOS differential pair is based on the symmetry

Anything that breaks the symmetry affects the circuit performance
(CMRR, input offset)

Device mismatches cause non-ideal performance  =»Eliminate R,
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Lect. 9: Differential Amplifiers

Active-loaded MOS differential pair Common mode
for single-ended output
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Lect. 9: Differential Amplifiers

Differential mode small-signal analysis _ o
Small-signal circuit
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= With complicated analysis (Razavi 10.6.2)
Applying half-circuit analysis,
y lop[1+ gmp(g | Top )]
Vo _ I (Ton |l Top) — =g, T e
Vo, —Vi, 2 Vint = Vin2 2oy + 210
| I

N | = o (o 1 Top)
But the given circuit is asymmetric MmN ATON 11 7oP

= Half circuit analysis is not possible Factor of 2 difference!
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Lect. 9: Differential Amplifiers

T The current mirror action is not considered
Q_:__'lj_| l‘__QJ with half-circuit analysis
Y Y Current mirror doubles the transconductance
i AT
+u,/20—A[ S0 0. _|F—o-u,2 > Twice voltage gain!
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