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Emitter-Coupled PairEmitter-Coupled Pair DC transfer
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Emitter-Coupled PairEmitter-Coupled Pair DC transfer
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Emitter-Coupled PairEmitter-Coupled Pair DC transfer
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Emitter-Coupled PairEmitter-Coupled Pair Emitter degeneration
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Emitter-Coupled PairEmitter-Coupled Pair Emitter degeneration
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Source-Coupled PairSource-Coupled Pair DC transfer
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Source-Coupled PairSource-Coupled Pair DC transfer

Id1 + Id2 = IT
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Source-Coupled PairSource-Coupled Pair DC transfer
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Differential PairsDifferential Pairs Small-signal analysis
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Differential PairsDifferential Pairs Small-signal analysis

Differential-mode gain:

Adm =
vod

vid

∣∣∣∣∣∣∣∣vic=0
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Differential-ModeDifferential-Mode BJT and MOSFET
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Differential-ModeDifferential-Mode Small-signal equivalent

v2gm 2v

od

2

vod

2

v

1
vid

2

vid

2

RT

v

=0

gm v1rin rin

ix

vx=0

RR

BJT: rin = rπ

R = RC

MOSFET: rin = ∞

R = RD
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Differential-ModeDifferential-Mode Small-signal equivalent
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Differential-ModeDifferential-Mode Half circuit
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Common-ModeCommon-Mode BJT and MOSFET
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Common-ModeCommon-Mode Small-signal equivalent
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Common-ModeCommon-Mode Small-signal equivalent
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Common-ModeCommon-Mode Small-signal equivalent
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Common-ModeCommon-Mode Half circuit
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CMRR and RiCMRR and Ri

CMRR =

∣∣∣∣∣∣∣∣
Adm
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∣∣∣∣∣∣∣∣ = 1 + 2gmRT
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Input Offset Voltage and CurrentInput Offset Voltage and Current

VID VOD

VOS

I /2 VOD

with mismatches
Differential amplifier

VID

without mismatches

OS

Differential amplifier

VOS : Input offset voltage

IOS : Input offset current

VODVID VOD = 0 ⇒ VOS = VID
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Input Offset VoltageInput Offset Voltage Emitter-coupled pair
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Input Offset VoltageInput Offset Voltage Emitter-coupled pair

VID = VI1 − VI2 = VT ln

IC1

IC2
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

VOD = VO1 − VO2 = RC2IC2 − RC1IC1
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Input Offset VoltageInput Offset Voltage Emitter-coupled pair

VOS = VT ln
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Input Offset CurrentInput Offset Current Emitter-coupled pair

IOS =
IC1 − IC2

β
when VOD = 0
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2
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2
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

For VOD to be zero, IC1RC1 = IC2RC2, therefore,
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Input Offset VoltageInput Offset Voltage Source-coupled pair
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Input Offset VoltageInput Offset Voltage Source-coupled pair

VOD = VO1 − VO2 = RD2ID2 − RD1ID1

VOD = 0 ⇒ VOS = VID

VOS = Vt1 − Vt2 +

√√√√√√√
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−

√√√√√√√
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ID2
=

RD2
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