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Announcements

e Exam dates reminder

« Exam 2 is on Apr. 10
« Exam 3 is on May 3 (3PM-5PM)

e Project description Is posted on website



Agenda

e Single-Stage Cascode OTA
e Folded Cascode OTA

e Two Stage Miller OTA



Simple OTA
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e Gain Is limited by single-transistor output
resistance



Single-Stage Cascode OTA
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Single-Stage Cascode OTA
Unity Gain Feedback Voltage Range
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Minimum V,,; set by M4 saturation
Vout ZVp =VrH4
Maximum V,; set by M2 saturation
Vout va +VTH 2
AsV, =V, +Vgg, and pluggingV, into M2 sat condition
Vour <Vy +Vri2 =V =Vasa +Vrnz =V —(Voss —Vin2)
Less than a Vqy !I!

Vo=V - Y

e Cascode configuration constrains output & unity-gain swing



Folded Cascode Circuits
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e “Folding” about the cascode node will increase input and
output swing range



Folded Cascode OTA
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Folded Cascode OTA
Unity Gain Feedback Voltage Range
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Maximum V,_, set by MP saturation
Vout va2+ |VTHP |
set by output NMOS cascode or tail current source saturation

Vour 2 Vosarne +Vosaty OR Vg, ZVDSATITa” + Vs

Minimum V

out

e With proper (high-value) choice of Vb2, a decent output and
Input swing range can be achieved
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Folded-Cascode OTA: gm, rout and poles?
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Example: Folded-Cascode OPAMP

Jose Silva-Martinez

Find the gain and the phase from input to output and from input to node 2.
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Frequency

The low frequency gain is 77 dB and the unity gain frequency is around 80 MHz.

The behavior of the gain from the input to node 2 is interesting: above the dominant pole.
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FOLDED-CASCODE OTA

Frequency response:

5 Can be approximated as having 4 poles associated
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Output referred noise
» M1 produces an output current given by

101 =9 m1Vn1

»Each transistor M2 generates a differential output

current .
102 =9 m2Vn2

» Similarly, for each transistor M5
105 =0 m5Vns5

» At low and medium frequencies, noise contribution
of the cascode transistors can be neglected (M3 and
M4)
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Vy

Vx

Noise level for the folded-cascode OTA
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Or for a dominant (single) pole system with NBW = (n/2)BW
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Considering thermal noise only
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Multi-Stage Amplifiers

Av > 1 Av >>1

Viio— - Y
Vi+0—' + °

Input Gain
Stage Stage

e Single-stage amplifiers typically have to trade-off gain and
swing range

e Multi-stage amplifiers allow for higher gain without
sacrificing swing range

 The major challenge with multi-stage amplifiers is achieving

adequate phase margin to insure stability in a feedback
configuration
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Two Stage Miller OTA
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Two-Stage Miller OTA — Frequency Response

e Stage 1 is a differential amplifier with
an active load

e Stage 2 is a common-source amplifier =
with a large miller capacitor

e Using a Thevenin equivalent for Stage
1, we can use the common-source
equations from Lecture 8
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Two-Stage Miller OTA — Frequency Response

Vs : ) M8
e The amplifier should be designed to

- - AV1‘/i — V.
yield one dominant pole, so we use the °
dominant pole approximation equations = Rout2 ]

Neglecting Transistor Capacitances
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Frequency Response — No Compensation
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Frequency Response — Miller Compensation (Ignoring m,)
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= Phase Margin > 45 degrees
= Bandwidth is reduced!!!
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Frequency Response — Miller Compensation (Considering w,)
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o, Impact on Frequency Response

<+ Parasitic (bad) RHP zero!!
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below unity gain frequency =» Unstable!
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Adding a series resistance
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Can design R, to improve phase margin
Non - zero R, will push RHP to a higher frequency (initially)
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Two Stage Miller OTA Noise
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Next Time

e OpAmp Feedback & Stability
e Common-Mode Feedback Technigues
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