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University of Toronto

Final Exam

Date - Dec 11, 2015

Duration: 2.5 hrs

ECE331 — Analog Electronics

Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETS USING BACKS IF NECESSARY

1. Equation sheet is on last page of test. 

2. Unless otherwise stated, use transistor parameters on equation sheet and assume .

3. Non-programmable calculator allowed; No other aids allowed

4. Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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[6] Question 1: Consider the wide swing current mirrow below where the desired output current 

is . Given that  and  are identical in size and the miniumum output voltage is 

0.4V, find the length of the transistors such that the current mirror output resistance is  

20µA M1 M2

72MΩ

vo

M1

M2
VB2

VB1

L =
ID 20µA=
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[6] Question 2: Consider the multistage amplifier shown below. All current sources and transis-

tors have the same output impedance of . Also all transistors have . 

Find the gains, , , and .

ro 25k= gm 1mA/V=

v1 vi⁄ v2 v1⁄ v3 v2⁄

v1 vi⁄ =

1k

1k
VB2

vi
v1 v2

v3

v2 v1⁄ =

v3 v2⁄ =
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[6] Question 3: Consider the transistor below where it is biased such that . Including 

the effects of  and , find the frequency, , where the impedance has a phase angle of 

 (in Hz). Ignore .

Vov 0.3V=

Cgs Cgd f45

45–
°

ro

Zi s( )

f45 =W 4um=

L 0.3um=
ro ∞→

Vov 0.3V=
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[6] Question 4: Consider the circuit shown below.

a) Find ,  and .

Rf

iS

vO

M1

M2

VDD ro1 ro2 50k= =

Rf 25k=

gm1 gm2 100uA/V= = Acl vO iS⁄≡

Hint: transconductance gm1 is parallel to gm2

Rin

Rout

L A∞ d

L =

A∞ =

d =
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b) Find ,  and .vo is⁄ Rin Rout

Rin =

Rout =

vo is⁄ =
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[6] Question 5:  

Using feedback analysis find  and  (hint: )

M2

+
-

M1

vs

M3 M4

M5

vo

Rout

All transistor ro 50k=
All transistor gm 500uA/V=

All current sources ideal

vo vs⁄ =

Rout =

vo vs⁄ Rout d 0=
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[6] Question 6: Consider an opamp having an open-loop voltage gain of 80 dB and poles at , 

 and  Hz. It should be compensated to have approx 45 degree PM for closed-loop 

gains as low as 0 dB.

a) If the pole at  Hz is moved to a lower frequency (and all other poles remain unaf-

fected), find the frequency at which the dominant pole should be placed (in Hz).

b) If the amplifier found in part a) is used to realize an inverting opamp amplifier with a 

closed-loop gain of -5, estimate the resulting phase-margin (in degrees).

10
5

2 10
6

× 10
8

10
5

fp1 =

PM =
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Analog Electronics Equation Sheet

MOS Transistor;  CMOS basic parameters. Channel length = 

NMOS 0.4 240 0.05 8.5 4 0.04 0.3

PMOS -0.4 60 -0.05 8.5 4 0.04 0.3

Constants: k 1.38 10
23–

× JK
1–

;= q 1.602 10
19–

× C= ;

ε0 8.854 10
12–

× F/m= ;

VT kT q⁄= 26mV at 300 ≈ °K ;

NMOS:

iD 0.5knvov

2
= 1 λvDS+( )

iD kn vov( )vDS vDS

2
2⁄( )–( )=

kox 3.9 ;=

kn µnCox W L⁄( )= ; Vtn 0> ; vDS 0≥ ;

PMOS: kp µpCox W L⁄( )= ; Vtp 0< ; ;

(triode) vDS vov≤

(active) vDS vov≥

;

Cox koxε0( ) tox⁄=

vSD 0≥

(or vD vG Vtn–< )

vov vGS Vtn–=

vov vSG Vtp–=

; ; gm knVov 2ID Vov⁄ 2knID= = = ; rs 1 gm⁄= ro L λ′ ID( )⁄=;

iD 0.5kpvov

2
= 1 λ vSD+( )

iD kp vov( )vSD vSD

2
2⁄( )–( )=(triode) vSD vov≤

(active) vDS vov≥

;(or vD vG Vtp+>( ))

; ; gm kpVov 2ID Vov⁄ 2kpID= = = ; rs 1 gm⁄= ro L λ′ ID( )⁄=;

BJT: (active) iC ISe
vBE VT⁄( )

1 vCE VA⁄( )+( )=

;

;

iC β iB= iE β 1+( )iB= α β β 1+( )⁄= iC αiE=;

;

;

gm α re⁄ IC VT⁄= = ; rπ β gm⁄= ro VA IC⁄=;

Rb β 1+( ) re RE+( )=; ; Re RB rπ+( ) β 1+( )⁄=

Rx 1 gmRS+( )ro≈

RS

RD

Rx 1 gm⁄ RD gmro( )⁄+≈

Diff Pair: ACM RD 2RSS( )⁄( ) ∆RD( ) RD⁄( )–= ACM RD 2RSS( )⁄( ) ∆gm( ) gm⁄( )–=Ad gmRD= ;

Vos ∆Vt= ; Vos Vov 2⁄( ) ∆RD( ) RD⁄( )= ; Vos Vov 2⁄( ) ∆ W L⁄( )( ) W L⁄( )⁄( )=

Cascode:

Freq: for real axis poles/zeros T s( ) kdc

1 s z1⁄+( ) 1 s z2⁄+( )… 1 s zm⁄+( )

1 s ω1⁄+( ) 1 s ω2⁄+( )… 1 s ωn⁄+( )
----------------------------------------------------------------------------------------=

step response y t( ) Y∞ Y∞ Y0+–( )e
t τ⁄–

–=1st order: unity gain freq for T s( )
AM

1 s ω3dB⁄+
---------------------------= ft AM ω3dB≈ when AM 1»

Cgs 2 3⁄( )WLCox WLovCox+= Cgd WLovCox= Cdb Cdb0 1 Vdb V0⁄+( )⁄=;;

ft gm 2π Cgs Cgd+( )( )⁄= assuming Cgd Cgs« ft 3µVov( ) 4πL
2

( )⁄=

Z1 Z 1 K–( )⁄= Z2 Z 1 1 K⁄–( )⁄=

OTC estimate fH 1 2π τi∑( )⁄= dominant pole estimate fH 1 2πτmax( )⁄=

Miller:

Mos caps:

Feedback: Af A 1 Aβ+( )⁄= xi 1 1 Aβ+( )⁄( )xs= dAf Af⁄ 1 1 Aβ+( )⁄( )dA A⁄= ωHf ωH 1 Aβ+( )= ωLf ωL 1 Aβ+( )⁄=

Loop Gain L sr st⁄–≡

; ; ; ;

;

;

Af A∞ L 1 L+( )⁄( ) d 1 L+( )⁄+=; Zport Z
P

0 1 LS+( ) 1 LO+( )⁄( )=;

Pole Pair: s
2

ωo Q⁄( )s ωo

2
+ + 0= Q 0.5 real poles⇒≤; Q 1 2⁄> freq resp peaking⇒;

PM L jω1( )∠ 180+= ; GM L jω180( )
dB

–=

Pole Splitting ωp1 ′ 1 gmR2CfR1( )⁄≅ ; ωp2 ′ gmCf( ) C1C2 Cf C1 C2+( )+( )⁄≅

isc 1 gm⁄ RS+( )–
1–
vi≈

vi voc vi≈vi RD

vi

vo vi⁄ gm ro RD
||( )≈

vo

Approx due to gmro 1»( )

Power Amps:

;re VT IE⁄=

Class A: η 1 4⁄( ) Vo
ˆ IRL( )⁄( ) Vo

ˆ VCC⁄( )= Class B: η π 4⁄( ) Vo
ˆ VCC⁄( )= ; PDN_max VCC

2
π

2
RL( )⁄=

Class AB: inip IQ

2
=

2-stage cmos opamp: ωp1 1 R1Gm2R2Cc( )⁄( )≈ ; ωp2 Gm2 C2⁄( )≈ ωz 1 Cc 1 Gm2⁄( ) R–( )( )⁄( )≈;

SR I Cc⁄ ωtVov1= = ; will not SR limit if ωtVo
ˆ SR<

0.18µm

Vt

V( )

µCox

µA V
2

⁄( )

λ′

µm/V( )

Cox

fF µm
2

⁄( )

tox

nm( )

Lov

µm( )

Cdb0

W
-----------

fF

µm
-------- 
 


