THE UNIVERSITY OF BRITISH COLUMBIA
Department of Electrical and Computer Engineering
ELEC 401 — Analog CMOS Integrated Circuit Design

Take-Home Midterm Exam

Due: Monday, November 8®, 2021 at 11:59 pm

This is an open book take-home exam and calculators are allowed. Please attempt to answer all
problems. A blank sheet will not receive any marks! Please do not consult and/or discuss the
questions and/or your solutions with anyone. Your solutions/answers should be based on your
individual effort! Please also note that each question has its own transistor parameters.

Good luck!

This exam consists of 6 — 6/6 (= 5) questions and including the cover page has 6+6(=12)

pages. Please check that you have a complete copy.
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\—> IMPORTANT NOTE:

Candidates guilty of any of the following, or similar, dishonest practices shall be liable to disciplinary

action:

Speaking or communicating with other candidates or non-candidates regarding the exam questions.

Purposely exposing their solution to the view of other candidates.

The plea of accident or forgetfulness shall not be received.




1. In the following amplifier, assume the decouple capacitor C is large enough so that it can be
considered a short circuit for the small-signal analysis. Furthermore, assume that:

Aamos=0 V7, Aemos=0V'!, Vpp=3.0 V, Vinamos=|Vrremos)=0.5V, pnCo=1mA/V?,
1pCox=0.25 mA/V?, (W/L);=8, and (W/L),=32, R=8 kQ and R;=10 kQ. The DC component of
the input signal is Vs and the small-signal component of the input is Viy.
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a) Assuming that the magnitude of the small-signal gain (magnitude of Vou/Vin) is 40 V/V find

Vbias and (W/L); [14 marks]
b) For this circuit, for transistors M; and M» to operate in saturation, find the minimum and

maximum voltage level at the drain of M;. [6 marks].
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2. In the follwing circuit assume that:
7\.(NMOS) = OV-l, Y= 0, Vop= 1.8V, Ipias=32mA, VTH(NMOS): 0.4V, and },LHCOXZI mA/VZ,
Furthermore, assume that both transistors are supposed to operate in saturation region and

.. w w
their sizes are: (7)1 =100 and (7)2 =400

a) Find the minimum and maximum dc voltage levels at node Vout. [8 marks]
b) Find the allowable minimum and maximum dc voltage level of the input node. [8 marks]

c) If y was not zero, would the allowable input signal swing range change, and if so, why?
[4 marks]
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3. Consider the following differential amplifier.

R

Vint O—I

Assume all transistors are operating in saturation region and A=y=0, Vpp=3 V, Vaamos)=0.5 V,
tnCox=1 mA/V 2 R=100 ©Q, (W/L)=(W/L)=16 and (W/L)=32. Also, assume that the
Viias=0.75 V and the circuit is symmetric.

a) What should the value of Ry be if the magnitude of the differential voltage gain of the circuit is
4 V/V [10 marks]

b) For the circuit to operate properly (i.e., all transistors operate in their saturation region), what
are the minimum and maximum values of the input common-mode voltage (i.e., input DC
voltage) [10 marks]
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4. In the following circuit, assuming that all transistors are in saturation, [—) =(—] , and
3 4
A=7=0:

1) Find an expression for Lout in terms of R, transistor parameters (e.g., p and Cox), and
transistor sizes [10 marks].

i1)) What would be the percentage change in Iout if Vb is increased by 10%. [5 marks]
iii)How would the expression for L derived in part (i) change if y # 0 and why? [S marks]
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5. The 5-transistor operational transconductance amplifier (that is, the differential to single-ended
structure with active current mirror load that we discussed in class) is a popular choice in
designing operational amplifiers. Consider the following two-stage amplifier based on the
topology shown below (first stage is a differential to signle-ended amplifier followed by the
second stage which is a common-source amplifier) with the following design specifications:

u VDD:3 \Y%

» Total power consumption of 3 mW

= Qutput swing of 2.6 V

»  Magnitude of the overall gain: 1000 V/V

= L =0.4um for all the device

Use the following assumptions for the design:
= Allocate equal effective voltages for Ms and Mg
= Assume the bias current of My and Ms are equal.
= For the purpose of DC analysis, assume Vsgz=Vsas

The technology parameters are:
Aamos)= Awemos)= 0.1 V'L, y =0, Vpop=3 V, Viamos) = |Vruemos) = 0.5 V, taCox = 1 mA/V2,
1pCox = 0.5 mA/V?,

Note: Use the parameter A only for calculating the ro of the transistors and for the small-
signal gain. Do not use A in any other calculation including for calculating bias currents.
\ __VDD

Find Vyiasi, and all the transistor widths (i.e., Wo, W1, W2, W3, W4, Ws, We). [20 marks]
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For your convenience the circuit diagram and transistor parameters are replicated here:
AamMos) = Amos)= 0.1 V'l, Y=0, Voo=3V, Vraamos) = |Vraemos) = 0.5 V, pnCox= 1 mA/V?,
pCox = 0.5 mA/V?,
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For your convenience the circuit diagram and transistor parameters are replicated here:
AamMos) = Amos)= 0.1 V'l, Y=0, Voo=3V, Vraamos) = |Vraemos) = 0.5 V, pnCox= 1 mA/V?,
pCox = 0.5 mA/V?,
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