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:-| The Differential Amplifiers

= General amp. o

= 2 inputs / 2 outputs .

= OP-Amp. |
= 2 1nputs / 1 output 2

o——4

= Single stage Amp. (CS/CG/CD, CE/CB/CC)
= | input/ 1 output



!-| The MOS differential pair
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Differential input voltage

Differential input: Ui¢ = Vc1 — U
Differential output: vo¢ = vp —Um
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Large-signal operation (exact calculation)
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!-| Normalized plot (Large signal)
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Small-signal operation
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‘_-| Effect of channel length modulation r,
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;-R“ The differential half circuit
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Common-mode gain & CMRR

The CM half circuit

(a) (b)
- Single ended output: v, =v_,or v, - Differential output: v, =v_, - v,
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Effect of R, and g, mismatch on CMRR

Rp mismatch
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