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ECES512 — Analog Signal Processing
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ANSWER QUESTIONS ON THESE SHEETS USING BACKS IF NECESSARY
Both programmable and non-programﬁable calculators allowed.
Equation sheet on last page of this test.
Only tests written in pen will be considered for a re-mark.

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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[S] Question 1: Answer the True [T] or False [F] questions below by circling the correct answer.
Each correct answer is worth 0.5 marks.
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If a signal/noise measurement at a node results in 3 dB SNR when measured using
power levels, then the same node will have 6 dB SNR when measured using voltage
levels.

A1 uW signal corresponds to a -30 dBm value for that signal.

When 2 uncorrelated noise signals of equal power are summed together, their output
noise is 3 dBm higher than each individual noise signal.

1/f noise is noise that is proportional to 1/f in the root spectral density domain.

A 1k€ resistor has a noise voltage of approx 4 nV/./Hz at room temp.

A sample-and-hold used at the front of an analog-to-digital converter helps somewhat
as an anti-aliasing filter due to it’s sinx/x response.

Advanced clocks are used in a switched-capacitor circuit to improve stability.

Fully differential circuits are used to improve thermal noise performance when using
the same overall capacitor area.

The error feedback structure in oversampling converters is more sensitive to analog

" parameter errors.

The stability rule |NTF(ej m)l < 1.5 for 1-bit quantizer stability is too conservative
when using multibit quantizers.
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[5] Question 2:
Consider the first-order RC filter shown below

op-amp input noise

, 1kQ LoV, V.(f) = 20nV/ JHz

in ANV + /P‘é
1) = 20pA/ JHz /

L
I]nF

op-amp unity gain freq = 10 MHz

Estimate the expected signal-to-noise ratio (in dB) for a 10 mVrms input signal where the input
signal’s frequency content is all below the 3dB frequency of the filter.
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[5] Question 4:
Consider the following switched-capacitor circuit (ignore parasitic capacitances).

b, C, = 20pF
0; X

. . . (
cont.-time  discrete-time i\
1

v.(H v,(n) T } | cont.-time  discrete-time
Vci(s) V,-(Z) vcx(t) C‘ = 10pf o vCD(z) va(n)
Veol®) V(@)

= ideal opamp

a) In the continuous-time plots below, sketch the output voltages for v, (f) and v, (#) and

show their values at the end of ¢, . Assume an initial v, (f) of 0 volts (as shown).
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Question 3 (cont’d)
b) Find the discrete-time z-domain transfer-function, ¥, (z)/V(z) , of the above circuit given

that the sampling time of interest is at the end of ¢, .

I EE Gl

“ (20

)
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¢) Why is the above circuit not suitable for building practical SC filters? What performance
would suffer?
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[5] Question 5:
a) Given an ideal 3 bit quantizer and ideal 3 bit DAC, what oversampling ratio is required to
obtain an SNR equivalent to a 16 bit ADC when using a second-order delta-sigma modulator?

SR = € LN +176-10.94 50 ey (O5R)
Sk PEsREN) 1S (/é) 6,02 + /7 = 75//5

.l = foor(3) #2027 450 ﬁy(&f&)
Mﬂf?(am) 5

U~
sz = (o o = b6.6

b) Is it more important that the quantizer or the DAC is linear to the 16 bit level? Explain
your reasoning.

THE DAC S arp BE HZE LAk

B e BuAVTHER FRRoR /S
Pvidep By tLopf EA~ wrlE
DA ERRoR 1S NOT .
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(blank sheet for scratch calculations)
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ECES12 Analog Signal Processing Equation Sheet
Constants: k = 138 x 102 JK ™' ¢ = 1.602x107° C; gy = 8.854x 107 Fim; V= kT/q =~ 26mV at 300 °K ;

k(1) is impulse response of LTI system; H(s) is the Laplace transform of A(%) .
o) = [HGo) ¥ T (o) = ‘i@i‘i (o) = 20loglH(jo) H(s) = —1— 0
s b st+... T b

. \2
IHGo)" = HEHE)| o,
2N N
Butterworth: F(®°) = Sz(f—) i A e = 20loga/1 + el A S IOIOg[] + 32(&0—)—) ];
4

14

= H(jo)H(=jo); General Lowpass [H(@)|> = 45/(1 + @) ;

Poles lie on circle of radius (Dp(l /s)] N spaced apart by 7t/ N with first half angle from jo axis
Chebyshev: (for o, = 1) F(mz) = 82C§,(m); Cim) = cos(Ncos_](m)) lo| <1 Cw) = cosh(Ncosh_l((n)) lol>1;

Cr (@) = 20C\(®) — Cry(@); Ay = 20log a1 +57; A, < 10log[ 1+ & cosh’ (Neosh™ ' (@,/®,))]

Second-order polynomial: §+ (0,/Q)s + (Dg ; for O > 0.5; poles complex at radius @, and real part is -0,/ (2Q)

Lowpass and highpass: peaking occurs if 0 > 1/4/2 and O rax = CDOAll - ]/(ZQZ)

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

LCR: 0, = I/Jﬁf; 0 = oy,CR

KHN Biquad: RC = 1/0,; 2((R, 1 R)/((R IRy + R3)) = 1705 2((R, TR)/((RyIIRD)+R)) = &
Cl

Tow-Thomas Biquad: RC = 1/© ; damping resistor is QR ; numerator is —sz(-—) - s( ])(—l- - _r__) 1
C C/\R, RR4 RR,C

Noise: Noisc equivalent bandwidth = (1/2)aqp s VA(0) = 4kTR: I4f) = 2q15: rg = (kTV/(qlp): Ve = (kT)/C

Discrete-Time: X (5) = Z"c("ﬂe—""r; X@) = Zxc(nT)z‘”;p = (@z-1)/(z+1);z = (1+p)/(1-p); Q = tan(w/2)
Switched-Cap: Req =T/C; Qcy = “WLC ,(Vgs— V)

Data Converters: B, = b,2 ' + ...+ 532" s Vigg = Viet/2"  Vour = VeeiBin' VeetBour = Vin* Vo' |Vl 0.5V 1sp:

out out ~ 'in

Voume = Visa/ 125 SNR = 6.02N+1.76; Eqiroyny = Vou/Viss|, ¢ Eomamy = Yo.01/Vise = 0-5LSB:
Ar<1/(2 nfm) E gain(D/A) = ( out/ VLSBIIW‘ - Vout/ VLSBiOWO)— (2 -1

N
Egain(A/D) =V 2/ Vs~ Voo Vise) - (27 —2);

Oversampling: OSR = 1./(2f;); SNR; = 6.02N + 1.76 + 10log(OSR) ; SNR; = 6.02N+ 1.76 -5.17 + 30log(OSR);
SNR, = 6.02N + 1.76 - 12.9 + 5010g(OSR) ; S1p(z) = H@)/(1+ H(2)); Npg(@) = 1/(1+ H):

_ i 1-z /m sinc((aM)/2) ®
Tove(2) MZ /vl( i Tavgle ——S]—%)— INTF(e/ )l < 1.5 for 1-bit quantizer stability
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