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Problem 1 (35 points)

For the fully-differential amplifier below, assume all transistors are operating in saturation, the internal

amplifier blocks have finite gain A and infinite bandwidth. Note that the bottom-most nMOS transistors

have a 1:B size ratio. Obtain expressions for the following:

a) Small-signal differential transconductance, (io* - io)/(vi* - vi).

b) Output resistance.

c) Fully differential amplifier DC gain, Avi=(vo" - Vo )/(vi* - vi).

d) Output referred noise current power spectral density. Consider only thermal noise and include all
important noise sources.

e) Input referred noise voltage power spectral density. Consider only thermal noise and include all
important noise sources.
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Problem 2 (35 points)
For the circuit shown below, assume that all transistors are operatmg in the saturation region except for
MD9. You can assume that the DC operating point for node B is the same as node A.
Calculate the following using these transistor parameters.
KPn=p:Cox=200nA/V?2, Viun=0.4V, An=0.1V"!

KPp=pCox=100pA/V?, Vi p=-0.4V, Ap=0.1V"! A -/ - 9n2 on8
a) Low-frequency gain (Apc=Vou/(Vi*-Vi)) I = &)_ ( ‘/—‘4— ;
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Problem 3 (30 points)
For the fully differential amplifier with common-mode feedback (CMFB) below, assume all transistors

are operating in saturation, and obtain the following:

a) Neglecting the CMFB network, give an expression for the fully differential amplifier DC gain,
Ava=(Vo' - Vo) (Vit - Vi),

b) Give an expression for the CMFB loop DC gain.
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Scratch Paper



