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ECE4902 Lecture 12 How to Increase Open Loop Gain’

Improving Performance: Cascode Op-amp *
Tradeoff: + Higher node impedance
- Reduced signal swing

2-Stage Op-Amp
CL, Phase Margin Issue

1-stage op-amp (Johns & Martin 6.2)
Improving Performance: Cascode

* Bandgap Voltage Reference
( * Optional Lab Circuit )

Hand In:
HW 5

Handout:

Op-Amp Slides

Cascode Op-Amp

Bandgap Voltage Reference
Principle
Circuit
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Review: Small signal (ac) model of 2-stage op-amp
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Complete transfer function, stability plot (,« 116 T
ol tor

X Increasing node impedance at 1st stage output does not affect phase margin! Separate gain, stability problems
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Cascode Current Source Development
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Current source comparison: Simulation
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ORIGINAL 2 STAGE A, = S000

Al

Cascode Op-Amp (Optional Lab 10) CASCODE 7
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To cascode the internal node, you'll need a fourth CD4007 chip. Connect it as shown
here:
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2-Stage Op-Amp Phase Margin vs. C, 5,p

Transient Eesponse
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*Coap = 10pF, 100pF, 1000pF
‘Phase margin ¢, degrades as C, 5,y increases
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1-Stage (“gm-C” “transconductor’”) Op-Amp
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1-Stage (“gm-C” “transconductor”) Op-Amp

Transient Response
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*Coap = 1000pF, 10000pF: ¢, same as C ypp 1
*Unity gain frequency f; worse, but always stable
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1-Stage Problem

DC Response
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NOT ENOUGH FOR MOST OFFSET

Lousy DC gain = 90 (39 dB) op-ame arrucanaos
Solution: Add cascode to high impedance node
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1-Stage with Cascodes

Sl

vdd @D

vdd TP2
neti1 toisare
W= .0020u
netit l=116u

ydc=2,5

%* PMOS Y|
CASCODE
DEV|CES

net@11
11

VBis .
———

net11TMN1
vinm NsT codesrn
=380.! Qu
vsid!=10u
m:t

vinm yinp

DUVE TD
CASCODES

(~Gmle HIGHR)

vss O—e

X NMOS
CAsCoDE

net@19 Tv1
vde=2.5

vss

16@ uA 7
. ECE4907 B2015 Lec 12 160 vA 10



1-Stage with Cascodes

Transient Response
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Bandgap Voltage Reference (Optional Lab 11)

Motivation: DC Bias
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Bandgap Circuit BANDGAP VOLTAGE REFERENCE

Here's the bandgap circuit covered in lecture:

?:“21%*‘536)8;9:”

37,10 f Ve

CAZ04&

The CA3046 is a 5 NPN transistor array. Its data sheet is available on the course website.
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