ECE 137 A Mid-Term Exam

Wednesday, February 8, 2023

Do not open exam until instructed to.

Closed book: Class crib sheet and 1 page (both sides) personal notes permitted

There are 3 problems on this exam, and you have 75 minutes.

Use any and all reasonable approximations (5% accuracy is fine. ),
AFTER STATING and approximately Justifying them.

Name: ﬁé{ -é 24

Part Points Points Part Points Points
Received Possible Received Possible

la 10 2e 3

1b 5 3a 8

Ic 5 3b 8

1d 10 3c 4

le 2

1f 15

2a 10

2b 5

2c 5

2d 10

TOTAL 100




Problem 1, 47 points

You will be working on the circuit below:

T +VDD =)V

zsp Sl

RD

0.5V Cout

: Il out
I\

ZM—"§RSS
_ IV
Z wA 1 - 'VSS

The transistor has
. _ _ 2

Ml.Kﬂ —,ucgng /2Lg =10mA/V ~(Wg /1pm)

K, =c,v,, W, =2mA/V-(W, /1um)

gs " inj
AV=v,L lu=01V,V, =03V, 1/1=4V
The supplies are +1.0V and -1.0 V

You are to bias the transistor at 2mA drain current, with -0.4 V DC source voltage, and
with +0.5 V drain voltage

R, =500 Q, R, =10kQ

gen

C, andC, , are very large (AC short-circuits at the signal frequency)
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Part a, 10 points
DC bias.

Find the following: coce
FET gate width We= /€' Spm Res= Z 202 RDD=_ &

- - O l/“’&,?V o, UV <= m’jl’//' o
E%J /éé = o 7/ e/ yo/’c,"/] Zm, Aa/

“
/e Ser v

g = 1008 Wy (o) [+ G'—ZV/

ﬂz 4‘4% & v
A
M"/w 2 #m / py
P R, — L =
/ - o !mdA -+ 09/4 AL

—>
7

L
P /Uo &L
7/f s 7 s < a, 2 kN, = 30 (L

240 SN

/L[/@ - oY sy L oeée 2l

—

2a4 - 2»‘/0



Part b, 5 points

DC bias
- +VDD =)V
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On the circuit diagram above, label the DC voltages at ALL nodes and the DC currents
through ALL resistors, give all resistor values, and give the FET width.
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Part ¢, 5 points

Find the FET small signal parameters

gm=_ Yo7 Rds= 272

Yo s 2 Ad/

M1:K, = pc, W, /2L, =10mA/N?* - (W, /1um)
K, =c, v, W, =2mA/V- (W, /1um)
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AV=v, L |u=0.1V, V,=03V, 1/1=4V
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Part d. 10 points.

Find the small signal voltage gain Vout/Vin and the amplifier small-signal input
resistance.
Vout/Vin= C ?'4 <

Rin, amplfier = // &. £
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Y N 7-//'/@; K, =c, v, W, =2mA/V-(W, /1um)

AV =v, L |u=01V, ¥, =03V, 1/A=4V
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Part e, 2 points

Find (Vin/Vgen) and (Vout/Vgen)
(Vin/Vgen) = o /87

(Vout/Vgen) = e/ 14

Rin, amplfier=  // &+« £LZ TV, =V
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ML: K, = pc W, /2L, =10mA/V* - (W, /1m)
K, =c,v,W,=2mA/V- (W, /1um)

AV =v, L /u=01V, ¥, =03V, 1/1=4V
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Part £, 15 points

Now you must find the maximum signal swings. Find the output voltage due to the
knee voltage and cutoff in M 1. Give the sign (+ or -) in your answers below.

Cutoff of M1; Maximum AVout resulting = c q ¢ é V 7‘ ( +)

Keen voltage of M1; Maximum AVout resulting = g 8'0 { ( *’)
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Problem 2, 33 points

You will be working on the circuit below:

[ +VCC =sv
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Ql: =100, V,= infinity V, Vce,sat=0.5V

The supplies are +5V and -5 V.

You will bias the transistor with 3mA collector current.
R is1kQ, R, 1s5kQ, R, is20kQ,

C,,, 1s very large (AC short-circuit at the signal frequency)
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Part a, 10 points

DC bias.

Find the following:

Ryy=__ 1,40 k t V

DC voltage at the base of Q1: V'bc base = + o8/

Hint: there is no DC blocking capacitor in series with Vgen or Rgen.
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Part b, 5 points

DC bias
ez =S
T VCC
/. 392 kv
Rpp §
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SR,
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On the circuit diagram above, label the DC voltages at ALL nodes and the DC currents
through ALL resistors, and give all resistor values,
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Part ¢, 5 points

Find the small signal parameters of Q1.
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QI: =100, V,=infinity V, Vce,sat=0.5V

The supplies are +5V and -5 V.

You will bias the transistor with 3mA collector current.
R, is1kQ, R, is5kQ, R, is20kQ,

C,,, is very large (AC short-circuit at the signal frequency)



Part d. 10 points.

Find the small signal voltage gain (Vout/Vin) of Q1 and the amplifier small-signal input

resistance.

Vout/Vin= < 7/‘;

Rin,amp= /= 7k 2

= +VCC =sv
7h= 3’/”’—4 > //5'4(56 REE §A3?zéw
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QI: =100, V,= infinity V, Vce,sat=0.5V
The supplies are +5V and -5 V.
You will bias the transistor with 3mA collector current.

z)" /ﬁ'{ R is1kQ, R, is5kQ, R, is20kQ,
C,,, is very large (AC short-circuit at the signal frequency)
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Part e, 3 points

Find (Vin/Vgen) and (Vout/Vgen)
& 75d

(Vin/Vgen) =
_ 01740
(Vout/Vgen) = 7. e
REE V. Z?é ey
Vout/Vin= S. 765 ey
Rin,amp= /=, 7é 2 Veen Reen ” " X172 R,
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Ql: =100, V,= infinity V, Vce,sat=0.5V

The supplies are +5V and -5 V.

You will bias the transistor with 3mA collector current.

R is 1kQ, R, is5kQ, R, is20kQ,

C,,, is very large (AC short-circuit at the signal frequency)
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Problem 3, 20 points
nodal analysis

gen

Part a, 8 points

Draw the small-signal equivalent circuit
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You will be working on the
circuit to the left.

Ignore DC bias analysis. You
don’t need it.

The transistors M1 and M2
have transconductance

gml = gm2 = gm

out

The drain-source resistances
are Ryg =R, =R,5 =0 Q

(so you don’t need to draw
them!)
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Part b, 8 points ?

Find, by nodal analysis, a small-signal expression fo1

A= — (Z/qm— ’/lf,e) /C ’///I'-/- //Q)
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Part ¢, 4 points

gm= 1 mS , RF=1 kOhm, RL= 2 kOhm.
Give a numerical value for Ay.
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