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University of Toronto

Final Exam

Date - Dec. 15, 2009

Duration: 2.5 hrs

ECE512 — Analog Signal Processing

Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETS USING BACKS IF NECESSARY

1. Both programmable and non-programmable calculators allowed.

2. Equation sheet on last page of this test.

3. Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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First Name:
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(max grade = 36)
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[6] Question 1: Consider the following transfer-function, .

a) Determine the gain in dB at dc.

b) Calculate the rate of attenuation increase in dB per decade at high frequencies.

c) At which frequencies is the attenuation infinite?

H s( )

H s( ) 2 s2 9+( )

s4 1.3s3 s2 0.75s 1+ + + +
----------------------------------------------------------------=
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[6] Question 2: 
a) For the following lowpass filter specifications:

Find the required filter order, , to realize a Butterworth filter that meets this spec.

b) Repeat part a) but assume a Chebyshev filter and find .

fp 1MHz=

fs 4MHz=

passband ripple 1dB=

Min stopband atten 60dB=

N

N
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c) Show that for frequencies much greater than the passband frequency of lowpass filters, an 
-order Chebyshev filter has  dB more attenuation than an  Butter-

worth filter.

Nth 6 N 1–( ) Nth-order
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[6] Question 3: 
a) Find the total output noise in  for the circuit shown below where the opamp and cur-

rent sources are ideal and noiseless.

b) Find the total output noise (in dBm) if 2 noise sources of sizes -60 dBm and -66 dBm are 
added together?

Vrms

Rf 100kΩ=

Vno

Cf 5pF=

1uF

Vdd

Vss

10mA

10mA
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[6] Question 4: 
a) Draw a block diagram for a 10-bit two-step A/D converter where the first stage deter-
mines 3 bits. Indicate the accuracy (in units of LSB’s at the 10-bit level) needed in all 
blocks. Assume digital error correction is used.

b) Why is there a speed benefit in using an interpolating A/D converter over a flash A/D 
converter?

c) Why is a thermometer code often used for the top portion of a D/A converter while the 
bottom portion of the D/A is a binary code? (In other words, why not all binary or all ther-
mometer code?)
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[6] Question 5: Consider the bipolar transconductor shown below where it is desired to have 
 and all transistors sizes are the same size except for  and  which are 4 

times larger in BE area.

a) Find the value of .

b) Find the value  such that all transistors do not fall below 30 percent of their nominal 

bias current when the peak value of .

Gm 2 mA/V= Q7 Q8

ioio–

RE

I1

vi vi
+ vi

-
– 500mV= =
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[6] Question 6: 
a) If a circuit is measured to have IIP3 = 5 dBm and has a gain of 4 dB, what output-signal 

level (in units of dBm) should be used such that the third-order intermodulation products are 
60 dB below the fundamental?

b) If the noise of the circuit in a) is measured to be -60 dBm, what is the SFDR (in units of 
dB)?
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ECE512 Analog Signal Processing Equation Sheet
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 ;

h t( ) is impulse response of LTI system;H s( ) is the Laplace transform of h t( )General:

H jω( ) H jω( ) ejφ ω( )
= ;Td ω( )

φ ω( )d
ωd

--------------–= ;H jω( ) dB 20 H jω( )log= ;H s( )
ams

m … a0+ +

sN bn-1s … b0+ + +
------------------------------------------------= ;H jω( )

2 H s( )H s–( ) s=jω H jω( )H jω–( ) ;= =

H jω( )
2 A0

2 1 F ω2
( )+( ) ;⁄=General Lowpass:

Butterworth: F ω2
( ) ε2 ω

ωp
------ 
  2N

= ; Amax 20 1 ε2
+log= ; Amin 10 1 ε2 ωs

ωp
------ 
 

2N
+log≤ ;

Poles lie on circle of radius ωp 1 ε⁄( )1 N⁄

π 2N( )⁄apart by with first angle being  
spaced

π N⁄

Chebyshev: (for ωp 1)= F ω2
( ) ε2CN

2 ω( )= CN ω( ) Ncos 1– ω( )( ) ω 1≤cos= CN ω( ) cosh Ncosh 1– ω( )( ) ω 1≥=; ; ;;
CN+1 ω( ) 2ωCN ω( ) CN-1 ω( )–= Amax 20 1 ε2

+log= Amin 10 1 ε2cosh2 Ncosh 1– ωs ωp⁄( )( )+[ ]log≤; ; ;
s2 ω0 Q⁄( )s ω0

2
+ + for Q 0.5> poles complex at radius ω0 and real part is ω0 2Q( )⁄–; ; ;Second-order polynomial:

Lowpass and highpass: peaking occurs if Q 1 2⁄ and> ωmax ω0 1 1 2Q2⁄–=
Bandpass: for complex poles; peak occurs at ω0 and has 3 dB bandwidth of ω0 Q⁄
LCR: ω0 1 LC⁄= Q ω0CR=; ;
KHN Biquad: RC 1 ω0⁄= 2 R1 R2||( ) R1 R2||( ) R3+( )⁄( ) 1 Q⁄= 2 R2 R3||( ) R2 R3||( ) R1+( )⁄( ) k=; ; ;

Tow-Thomas Biquad: RC 1 ω0⁄= damping resistor is QR numerator is s2–
C1
C
------ 
  s 1

C
---- 
  1

R1
------ r

RR3
----------– 

 – 1
RR2C

2
-----------------–; ; ;

Noise: noise equivalent bandwidth = π 2⁄( )f3dB ; VR
2 f( ) 4kTR= Id

2 f( ) 2qID= rd kT( ) qID( )⁄= VC
2 kT( ) C⁄=; ; ; ;

Discrete-Time: Xs s( ) xc nT( )e snT–
∑= X z( ) xc nT( )z n–

∑= p z 1–( ) z 1+( )⁄= z 1 p+( ) 1 p–( )⁄= Ω ω 2⁄( )tan=; ; ; ; ;
Switched-Cap: Req T C⁄= QCH WLCox VGS Vt–( )–=; ;
Data Converters: Bin b12 1– … bN2 N–

+ += VLSB Vref 2N⁄= Vout VrefBin= VrefBout Vin VQ+= VQ 0.5VLSB≤; ; ; ; ;
VQ(rms) VLSB 12⁄= SNR 6.02N 1.76+= Eoff(D/A) Vout VLSB⁄

0...0
= Eoff(A/D) V0...01 VLSB⁄ 0.5LSB–= ∆t 1 2Nπ fin( )⁄<

Egain(D/A) Vout VLSB⁄
1...1

Vout VLSB⁄
0...0

–( ) 2N 1–( )–= Egain(A/D) V1...1 VLSB⁄ V0...01 VLSB⁄–( ) 2N 2–( )–=

;

;

;;;;

;;

;;

Oversampling: OSR fs 2f0( )⁄= SNR0 6.02N 1.76 10 OSR( )log+ += SNR1 6.02N 1.76 5.17– 30 OSR( )log+ += ;
SNR2 6.02N 1.76 12.9– 50 OSR( )log+ +=

;

;; STF z( ) H z( ) 1 H z( )+( )⁄= NTF z( ) 1 1 H z( )+( )⁄=

Tavg z( )
1
M
----- z i–

i=0

M-1

∑
1
M
----- 1 z M–

–

1 z 1–
–

-----------------
 
 
 

= = Tavg e
jω

( ) sinc ωM( ) 2⁄( )
sinc ω 2⁄( )

-----------------------------------= ; NTF e
jω

( ) 1.5 for 1-bit quantizer stability≤

Bipolar transistors: gm IC VT⁄=

; ;
;

;

Ideal Transcondcutor: io Gmvi=

IC ICSe
VBE VT⁄

= re α gm⁄ VT IE⁄= =; ;
CMOS transistors: Kn 0.5µnCox W L⁄( )=

ID Kn VGS Vtn–( )2
=

ID 2Kn VGS Vtn–( )VDS VDS
2 2⁄( )–( )=

rs 1 gm⁄=gm 2Kn VGS Vtn–( ) 2ID( ) VGS Vtn–( )⁄= =

;

;

;

; ;

Bipolar Diff Pair: IC2 I1 1 e
vi VT⁄

+( )⁄=

CMOS Pair: Keq KnKp( ) Kn Kp+( )
2

⁄=

;

;; Vt-eq Vtn Vtp–=

rds 2Kn VGS Vtn–( )( ) 1–
=

Dynamic Range: ID3 ID3 ID1–=(all in dB or dBm) ;
;
OIP3 ID1 ID3 2⁄–= ; SFDR 2 3⁄( ) OIP3 No–( )=

THD 10 Vh2
2 Vh3

2 …+ +( ) Vf
2⁄( )log=


