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|F NECESSARY
Equation sheet is on last page of test.
Unless otherwise stated, use transistor parameters on equation sheet.
Non-programmable calculator allowed; No other aids alowed

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get O.
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(max grade = 36)
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[6] Question 1: Consider afirst-order lowpass circuit with input v (¢) , output v (f) , time-con-

stant T = lus andadcgainof 2.
a) Give an expression for the transfer-function, 7(s) for thiscircuit.

1(s) =

b) What isthe f; 5 frequency for 7(s) .

Sz =

c) Assuming v (7) isastepinput of 2V, intermsof t, find the time, ¢
settle to within 0.1% of itsfinal value.

it takesfor v (¢) to

set?

set
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10%s
(s +10)(s + 10°)
a) Convert T(s) to aform suitable for aBode plot (i.e. the denominator should have factorsin
theform (1 +s/a)).

[6] Question 2: An amplifier has a voltage transfer-function of 7(s) =

b) Draw a Bode plot for the magnitude response and use it to estimate the gain at frequency
values of 1,100, 10" rad/s.
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[6] Question 3: Consider the amplifier circuit shown below.

. g, = SmA/V

ignore r,,

R = 1k :I:c, = 1uF

a) Fi nd-the Io-W-freq small-signal gain and the high-freq small-signal gain.

m

"o =
V.

Hs=0
A
Vi

§ —> 0

b) Given that the zero for this amplifier occursat o, = 1/(R¢C;) = lkrad/s, sketchthe
bode plot for this amplifier using the dominant pole estimate for o, .
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[6] Question 4: Using the transistor parameters on the equation sheet, consider atransistor of size
W =2um,L = 0.18 um.
a) Assuming the transistor is biased in the active region and assuming V', = 0, find the val-

uesof C, ., C,, and C,, for thetransistor (all in units of fF).

a
|

b) If V,, = 0.2V, find the unity-gain freq of the transistor (do not ignore ng).
[

c) If the transistor width is doubled and the current through the transistor is also doubled,
what is the new unity-gain frequency?
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[6] Question 5: Consider the circuit shown below.

Coy = 1pF

Cgq = 0.2pF
C,, = 02pF

g, = SmA/V

ignore r,,

Estimate the 2 high frequency polesfor thiscircuit (in Hz), ];71 and fp2 .

Jor =

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

8m1 = 8m2 = &m3 ~ SmA/V
ignore r,,
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ECE331 Analog Electronics

Constants: k = 1.38x 10 JK™' ;¢ = 1.602x 107" C ; ¥, = kT/q ~26mV at 300 °K ;
g9 = 8.854x 107 F/im; k,, = 3.9 Cyy = (koy80)/ loy
NMOS: &, = u,C, (W/L) ; V, vos=Vi
(triode) vps < v,, (01 vp<vg=V,,); ip = ky((Ve)Vps = (Vps/2))
ip= 05k, X1+ 0vpg)  18n = KV, = 20p/V,, = 2k D7 = 178, 370 = L/(IV11p)
PMOS: k, = n,Co (W/L) 5 V,,<05vgp20;v,, = vse =7yl
(triode) vsp <v,, (or (vp>v+ |V, 1) 5 ip = k,((ve)vsp—(Vsp/2))
(active) vpg2v,, 5 ip= O.Skpvuvz(l +Mvsp)  38n = KV, = 20p/V,, = 2k, 0p 57 = 18, 3 7o
g/ Vp) _ _ L o
BIT:  (active) ip = Ige. ™ (1 + (vep/ V) 38m = 0/7p = 1/ Vy57x = B/, 370 = Vil /lc
ic = Bigsipg = B+ Digsa = B/(B+1)3ic = aigiR, = (B+1)(r,+Rp); R, = (Rp+ry)/(B+1)

Equation Sheet

n>0;VDSZO 5 Voy =

(active) vpg2v,,

L/(IM1p)

Cascode: i Rou = Rs ¥, guroRs~ (1 +g,Ro)r, Rp
T s L R,= R+ r)/ (4 g,r) < R/ (g, + 1 /2,
Diff Pair:  4q = &uRpi Agy = (Rp/(2Rs)((ARp)/Rp) s4cy = ~(Rp/ (2Rg5))((Ag,,)/ 8,)
Ve = AV, i V,e = (V0 /D)(ARD)/Rp) 3 Vo = (Vo,/ 2)(AW/L))/(W/L))
. A N
Istorder:  step response y(f) = Y, — (Y, =Y, )e i unity gain freq for 7(s) = ﬁ fi=|Ay|osgp when Ay » 1
3dB
Freq: for real axis poles/zeros T(s) = k (*s/z)(A +5/2).. (1 +5/2,)
(1 +5/0)(1+5/0,)...(1 +s/®,)
OTCestimate f; = 1/(2n%T) ; dominant pole estimate f7 = 1/(277,,,)
Miller:  Z, = Z/(1-K); Z, = Z/(1-1/K)

Mos caps: ng = @/3)ywLc, +wL,,C,.; ng = WL,,C,.s Cap = Cypo/( 1+ Vi’ Vo)
= 84/ Qu(Cyy + Cyy))  assuming Cpy«Cyy f, = (3uV,,)/(4nL)
Feedback: A, = A/(1+A4B); x; = (1/(1 +AB))x;; dd,/d; = (1/(1+AB))dA/A; Oy = 0p(1+A4P); 0 = 0,/ (1+AB)
Loop Gain L=-s,/s,

MOS Transistor; CMOS basic parameters. Channel length = 0.18 um

Cano

v, nCoy A Cox t,, L, W

| (uasv?)y| /) |/ um®) | (rm) | (pm) (LID

u

NMOS | 04 | 240 0.05 85 4 | 004 | 03
PMOS | -04 | 60 005 | 85 4 | 004 | 03
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