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ECE512 — Analog Signa Processing
Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETSUSING BACKSIF NECESSARY
Both programmable and non-programmable calculators allowed.
Equation sheet on last page of thistest.
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[6] Question 1: Consider the following transfer-function, H(s) .

2(s> +9)
ST+ 135 +52+0.755 + 1

a) Determinethe gainin dB at dc.

H(s) =

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

¢) At which frequencies is the attenuation infinite?
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[6] Question 2:
a) For the following lowpass filter specifications:
]; = |MHz  passband ripple = 1dB

f, = 4MHz  Min stopband atten = 60dB
Find the required filter order, N, to realize a Butterworth filter that meets this spec.

b) Repeat part a) but assume a Chebyshev filter and find N.
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c) Show that for frequencies much greater than the passband frequency of lowpassfilters, an
Nth -order Chebyshev filter has 6(N — 1) dB more attenuation than an Nth-order Butter-

worth filter.
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[6] Question 3:
a) Find the total output noisein ¥ . for the circuit shown below where the opamp and cur-

rent sources areideal and noiseless.
Vvdd

10mA

R; = 100kQ

1F = @' 10mA=

b) Find the total output noise (in dBm) if 2 noise sources of sizes-60 dBm and -66 dBm are
added together?
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[6] Question 4:
a) Draw ablock 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 aflash A/D
converter?

c) Why is athermometer code often used for the top portion of a D/A converter while the
bottom portion of the D/A isabinary 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 whereit is desired to have
G,, = 2mA/V and al transistors sizes are the same size except for 0, and Qg which are 4

timeslarger in BE area.

a) Find thevaueof R .

b) Find the value 7, such that all transistors do not fall below 30 percent of their nominal

bias current when the peak value of v, = v, —v; = 500mV .
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[6] Question 6:
a) If acircuit ismeasured to have 11P; = 5 dBm and has again 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)?

page 8 of 10



Last Name:

(page intentionally left blank for rough work)

page 9 of 10




Last Name:

ECE512 Analog Signal Proc ng Equation Sheet

Constants: k = 1.38 x 107 JK™' ;¢ = 1.602x 107 C ;6, = 8.854 x 10”"” F/im ; ¥, = kT/q ~26mV at 300 °K ;
General: A(f) is impulse response of LTI system;H(s) is the Laplace transform of 4(z)

m
a,s

H(jo) = |H(0)] /" T (0) = ~ 2O 1) g = 20l0g ()] H(5) = 52— o> = H(s)H(-s)

= Hjo)H(-Ho) ;
s +bn15+ .+ b

s=jo

General Lowpass: |H(jm)| = 42 /(1 +F(o )) ;
) 2/ @ \2N 0 5 @\ 2N Poles lie on circle of radius mp(l/a)l/N spaced
S
Butterworth: F(0°) = ¢ (o)_) $Amax = 20loga 1 +€7 5 A, < 10103[1 te (_) } > apartby n/N with first angle being 7/ (2N)
v

Chebyshev: (for o, = 1);F(0)2) = azCi,(m);CN(m) = cos(Ncos_ (@) Iml <1; Cpw) = cosh(Ncosh_l(m)) lo|>1;
Cpni1(0) = 20C\(0) = Cy (@) 4,,, = 20logy1+ g ; Ain < 10log[1 + ¢ 2 cosh? (Ncosh™ (m /® ))]

Second-order polynomial: 5° + (0g/Q)s + o)g ; for 0> 0.5; poles com leé at radius ®, and real part is —©,/(20);

Lowpass and highpass: peaking occurs if 0> 1/,/2 and O = 0o 1=1/20

Bandpass: for complex poles peak occurs at o, and has 3 dB bandwidth of ©,/Q

LCR: o, = 1/JLC; = 0,CR;

KHN Biquad: RC = 1/m0; 2R I R)/((R IR +Ry)) = 1/Q 5 2((Ry IR/ (R, | R))+R)) = k5

s

C
Tow-Thomas Biquad: RC = 1/w, ; damping resistor is QR ; numerator is —52(61) —s(%,) (Ril _RLR3) - Rl =

Noise: noise equivalent bandwidth = (1/2)f54p ; Vi(f) = 4kTR; [Z,(f) = 2qly; ry = (kD) /(qlp) 5 Vi =2(kD/C ;
Discrete-Time: X,(s) = Yx.(nT)e”"; X(2) = Yx,(n1)z" p = (z=1)/(z+1); z=(1+p)/(1-p); Q= tan(0/2);
Switched-Cap: R, = =T/C; QCH = —WLCOX(VGS—V)

Data Converters: B =52 ey +bN2 Visg = re1/2 Vout = VietB;

out

in? VrefBoul = Vin+ VQ; |VQ| <05 VLSB; N
Voums) = VLSB/J_z ;SNR = 6.02N+1.76 ; Eqgrpyay = oul/VLSB| s Eotiamy = Vo.o/Viss—0-5LSB 5 Ar<1/(27nf;,)
N
Egam(D/A) ( out/VLSB|1m1 out/VLSB| )_(2 -1 Egam(A/D) 1/ Viss=Vo.01/Vise) — (2 -2)
Oversampling: OSR = £,/(2f;); SNR, = 6.02N+ 1.76 + 10log(OSR); SNR, = 6.02N + 1.76 —5.17 + 30log(OSR) ;
SNR, = 6.02N +1.76 —12.9 + 50log (OSR) ; Syp(2) = H(z)/(1 + H(Z)) ; Nyp(2) = 1/(1 + H(z))

M—l )

- _ 1|1-z joy _ sinc((wM)/2)
= = - T =
Togle) = MZ;Z M[l —zj\l/j  Tawel@) sinc(w/2)
= V!V

Bipolar transistors: /. = I-ge BT gn =1/ Vy 5 v, = /g, = Vi/lp

CMOS transistors: K, = O'SHnCox(W/QL) y Ip = 2K, (Vs =Vi)Vps — (V25/2)) ;o rgs = K, (Vs — m))
]D = Kn(VGS_th) 5 8m T 2Kn(VGS_ tn) - (ZID)/(VGS tn) 5oy = 1/gm >

V.
Ideal Transcondcutor: i, = G, v, Bipolar Diff Pair: [, = 1,/(1 +e s

o m’i >
CMOS Pair: K, ],)/(ﬂ?ﬁﬂ Vieg = V= Vips
Dynamic Range: (all indB or dBm)/D; = Ip;—1p,; OIPy = I, —ID;/2 ; SFDR = (2/3)(OIP;—N,) ;
THD = 10log((Vyy + Vs +..)/V}) 5

< 1.5 for 1-bit quantizer stability;
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