ECE 614 Advanced Analog Integrated Circuit Design
Sample Midterm Exam
Nov 6, 2012 Name:

Open Book, Open Notes, Closed Computer.

Clearly show your steps to get partial credit.

State clearly any assumptions made.

This exam has 4 questions, for a total of 100 points.

Useful data:
k=138 x1072% J/K
T=300K

Expressions for pole-splitting in a second-order system
Ay = gmi R1gma Ro
1

wPl ~ 977L2R2R105
~ 9m2Cc gm2
Y2 T GG+ Co)+Celr X G
~ 9ml

Wyn ~ Cco



1. Consider the two-stage fully-differential opamp designed for continuous-time (CT) op-
eration shown below. Standard notations for bias voltages apply. Be clear and legible in
Your answers.

VDD YDD vDD YDD ¥DD YDD

V.
M;EI I CMFB1 I ENT31
M2 :I Vbias2 I:
=222 | "'m21
M5 :I' Yim Vip II:M51
I 1
M8 :I >< t M81

Vip M1 M11 m | —
Vom ——¢ t _I t j I_ Vi j Vop

M6 M61

Mgél — J;,.7 M4 J7:| RLETE 5:.41 M71 5:.91

(a) (2 points) Draw differential-mode (DM) compensation networks in the above figure
(LHP zero should be pushed out to co).
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(b) (10 points) Sketch appropriate CT common-mode feedback (CMFB) circuits for
the first- and second- gain stages which will not adversely impact the opamp per-
formance. Show transistor-level sketches and compensation used in the CMFB
circuits.

Important: Do not use source-followers and keep the CMFB circuits simple.
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(¢) (10 points) Sketch the individual common-mode equivalent circuits for both the
stages and label the nodes contributing low-frequency poles.

(d) (8 points) Write expressions for the DM and the first-stage CM open-loop gains
(Apar and Acyy, ) and unity-gain frequencies (wy, par and wy, car, ) for the two loops.
Hint: All the loops exhibit 2"¥-order response.
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2. For the two-stage opamp shown below:

(a) (10 points) Find the input-referred thermal noise voltage, V;2;,, at low frequencies.
Use symbolic variables g,, and r,, for the transistors as shown in class. Clearly

show the steps, and present the final answer in a concise form.
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(b) (10 points) Find the input-referred flicker noise voltage, V> .
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3. For the feedback amplifier shown below assume the transistors are biased in saturation.

Use data: ¢,1 = gme = 100’”7‘4, ro1 = 100k€), rpo = 300k and Rr = 1k€) . Show the

final expressions as well as the numerical results for your answers.

VDD

Vout

Vin

v

(a) (3 points) Calculate the voltage gain A, = “» of the amplifier.
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(b) (3 points) Calculate the trans-impedance gain Ry = % of the amplifier

(c) (7 points) Calculate the input-referred thermal noise voltage (V2

n,in)
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(d) (7 points) Calculate the input-referred thermal noise current (172 ;,)

(e) (5 points) A sinusoidal current input (i;,) is applied to use the above amplifier as a
trans-impedance amplifier (TTA). Assuming a circuit bandwidth of of fp = 1GHz,
find the minimum peak-to-peak input current (i;,,_,) needed to achieve a signal-
to-noise ratio, SNR > 40dB.

VDD

Vout
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4. Consider the fully-differential implementation of a switched-capacitor amplifier shown
below. The output CM-level of the opamp is set using a fast CMFB circuit at Vi, and
the inputs (v;,) are balanced around Vi, Use data: Cy = 2pF, Cy = 0.5pF | the input
capacitance Cj, = 0.1 pF and C;, = 1pF. The non-overlapping clocks have a 40% duty
cycle.
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(a) (5 points) Find the nominal differential gain A, = %t of the SC amplifier. Is the
amplifier inverting or non-inverting? l

(b) (5 points) Modify the above circuit to minimize the effects of charge injection from
the switches.
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(¢) (5 points) What is the minimum opamp gain (A, ), in dB, required for a gain error
€ < 0.1%?

(d) (5 points) Recall that the time-constant for the transient settling in the amplifica-
tion phase is given by
. o C(Lcteq + CLO2 + CeqCQ
amp — GmCQ

where C,, = Cy + Cj,,. The single-stage opamp is be modeled using G,, = 10m7‘4
and R,,; = 1M as discussed in class. Assuming first-order linear settling, what is
the maximum clock frequency (fs) at which the amplifier can be operated with 1%
settling accuracy?

(e) (5 points) Estimate the input referred rms thermal noise voltage for the amplifier.
Assume the opamp noise is negligible. Hint: Estimate the mean-square noise for
single-ended equivalent and multiply by 2.
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