
page 1 of 8

University of Toronto

Term Test 2

Date - Nov 16, 2012 (3:15pm to 4:45pm)

Duration: 1.5 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.

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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Student #:
(max grade = 36)
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[6] Question 1:  Consider a first-order lowpass circuit with input , output , time-con-

stant  and a dc gain of 2.

a) Give an expression for the transfer-function,  for this circuit.

b) What is the  frequency for .

c) Assuming  is a step input of 2V, in terms of , find the time, , it takes for  to 

settle to within 0.1% of its final value.

vs t( ) vo t( )

τ 1µs=

T s( )

T s( ) =

f3dB T s( )

f3dB =

vs t( ) τ tset vo t( )

tset =
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[6] Question 2: An amplifier has a voltage transfer-function of .

a) Convert  to a form suitable for a Bode plot (i.e. the denominator should have factors in 

the form ). 

b) Draw a Bode plot for the magnitude response and use it to estimate the gain at frequency 

values of .

T s( ) 104s
s 10+( ) s 103

+( )
------------------------------------------=

T s( )

1 s a⁄+( )

T s( ) =

1 100 104, ,  rad/s
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[6] Question 3: Consider the amplifier circuit shown below.

a) Find the low-freq small-signal gain and the high-freq small-signal gain.

b) Given that the zero for this amplifier occurs at , sketch the 

bode plot for this amplifier using the dominant pole estimate for .

VDD

RD 10k=

RS 1k=

vo
vi

C1 1uF=

RL 40k=

C2 1uF= gm 5mA/V=

ignore r0

vo
vi
-----

s 0=

=

vo
vi
-----

s ∞→

=

ωz 1 RSC1( )⁄ 1k rad/s= =

ωL
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[6] Question 4: Using the transistor parameters on the equation sheet, consider a transistor of size 
, .

a) Assuming the transistor is biased in the active region and assuming , find the val-

ues of ,  and  for the transistor (all in units of fF).

b) If , find the unity-gain freq of the transistor (do not ignore ).

c) If the transistor width is doubled and the current through the transistor is also doubled, 
what is the new unity-gain frequency?

W 2 um= L 0.18 um=

Vdb 0=

Cgs Cgd Cdb

Cgs =

Cgd =

Cdb =

Vov 0.2 V= Cgd

ft =
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[6] Question 5: Consider the circuit shown below.

Estimate the 2 high frequency poles for this circuit (in Hz),  and .

VDD

RD 10k=

vo

C1 1uF=

RL 40k=

C2 1uF=

gm 5mA/V=

I

C3 1uF=

RG 1M=

RS 10k=

vs

Cgs 1pF=

Cgd 0.2pF=

Cdb 0.2pF=

CL 1pF=

ignore r0

fp1 fp2

fp1 =

fp2 =
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[6] Question 6: Consider the feedback circuit below. Find the loop gain, .L

vo

vs

Rs1 100= Rs2 100=

RF 100=

RD1 10k=

RD2 10k=

M1

M2

M3

VDD
VDD VDD

Vbias

L =

ignore r0

gm1 gm2 gm3 5mA/V= = =
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ECE331 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 βiB= iE β 1+( )iB= α β β 1+( )⁄= iC α iE=;

;

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

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

Rout RS ro gmroRS+ += 1 gmRS+( )ro≈

RS

RD
Rin RD ro+( ) 1 gmro+( )⁄= RD gmro( )⁄ 1 gm⁄+≈

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( ) 4πL2( )⁄=

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⁄–≡
; ; ; ;

;

;

0.18µm

Vt
V( )

µCox
µA V2

⁄( )

λ′
µm/V( )

Cox
fF µm2

⁄( )

tox
nm( )

Lov
µm( )

Cdb0
W

-----------

fF
µm
-------- 
 


