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Lecture 11: Frequency Response (cont.)
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Agenda

e Differential Pairs
e Common-Drain Amp Frequency Response
e Common-Gate Amp Frequency Response

e Cascode Amp Frequency Response
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Common-Drain Amplifier:

High Frequency Response

Vour (S) _ Em + CGSS
Vin  Rs(CosCr + CsCop + CopCr)s? + (8gmRsCqp + Cr + Cis)s + 8m

e From this simplified transfer function:
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Common-Drain Amp Input Impedance

| 1
Z:‘n = + (1 + i )
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Low Frequency: Z;, =~
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Equivalent to aseries capacitve term C (%j and resistive term 1
gm + gmb gmb

_ o] 1 Em
High Frequency: Zin & Cgss M Crs + CosCrs?

Series combination of C  and C_and a negative resistance term [g—’"zJ
C,C o

The negative resistance term can be utilized in oscillator design



Common-Drain Amp Output Impedance
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e Pole at very high frequency

e Zero at potentially low frequency if R Is large

* Impedance can increase with frequency, i.e. display
Inductive behavior




Common-Drain Amp Output Impedance
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Transient Behavior w/ Large C,

vll'l °_—%-_|I.: M1

e Inductive output impedance in combination with a large load
capacitance can create undesired “ringing” in the transient response

e If we have a large RS and CL, then the assumption that we have one
dominant pole is no longer valid

e Both poles (potentially complex) should be considered in the analysis

vr.mr () = gm t+ CGSS
Ve~ Rs(CgsCr + CesCop + CopCr)s? + (gmRsCap + CrL + Ci5)s + 8
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Common-Gate Amp Low Frequency Response

e NO Rq - With Rq
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T Cs How to get from v, tov,?
- Use amplifier input impedance and voltage divider
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Common-Gate Amp Frequency Response

Vout
R GiDQm(-Vi) Gbgmm(-vi} == Cp=Cap+Cyq %RD
W—F |
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v
Vout (s) = (8m + 8mp)Rp 1
Vin 1 +(8m + 8mp)Rs (1 .\ Cs T
8 + &mb +R§ls)( T ApEDs)
e NoO zero

e No Miller capacitor multiplication
e Low input impedance limits effectiveness as a voltage amplifier
e Useful as a current-to-voltage (transimpedance) amplifier
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Cascode Amp Frequency Response

e If we associate the poles with the nodes A, X, and Y

* Note, this is only an approximation, as it ignores interactions caused by “feedforward”
caps (Cyq) and resistors
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Cascode Amp Output Impedance

e Simplified Model
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Next Time

e Noise
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