University of Toronto
Final Exam

Date - Dec 16, 2013
Duration:; 2.5 hrs

ECE331 — Electronic Circuits
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 and assume g7, » 1.
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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[6] Question 1. Consider the circuit below where all transistors are in the active region. The
numbers beside the transistors indicate the transistor width (in upm).

AVpp = 3V

Vs °—WV—°|I:8

AllL = 0.18um

a) Find the small-signal gain v, /v

b) Estimate the 3db frequency cutoff, f; 5 . For C,, valuesassume V;, = 0.

SraB =
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[6] Question 2:

3“n Vov

4TcL2

a) For aMosfet transistor, show that £,

ponent of Cys isnegligibly small.

b) Consider the circuit below, only consider the capacitors C o5

Vs

Last Name:

assuming C,, » C,, and the overlap com-

and C,,.

for each transistor

g, = 1 mA/V
Cos = Coq = 1DF
Fo—> 0

o

Find the pole due to the node v, and also find the pole due to thenode v, .
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[6] Question 3: Consider the transistor below whereitisbiased suchthat ¥, = 0.2V . Including
the effects of Cys and Cou find the frequency, f,5 , where the impedance has a phase angle

of —45 (inH2). Ignore r,, .

Ve = 0.2V
F W = 3um Jas =
L = 0.3um
Z(s) 7"0—)00

s
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[6] Question 4: Consider the circuit shown below.

v g“:gnz:lOOuA/V A, =v,/i
DD ’,071 - r021 — 100k cd=VYo’ls
R, = 100k
R. ——af 2
m R
r AN\rf 4—% o Vo  Hint: transconductance gml is parallel to gm2
iS — Ml Rout

aFindL, A, andd.
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b) Find v, /i, R;, and R,,, .
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[6] Question 5: Assume the loop gain for afeedback system isfound to be the following.
5x10°*
(I+s/w,)(1+s/®,)(1+s/®,)

a) Sketch the Bode plot for the above loop gain (both mag and phase)
Mag

L(s) =

where o,; = 10, 0,, = 10°, 0,5 = 10”.

Phase
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b) Estimate the phase-margin (PM) for the above loop gain. Hint, the unity gain freq is much
greater than ,,; and much lessthan o .

c) Estimate the time-constant for the settling behaviour of this feedback system (assuming it
can be modeled as afirst-order system).
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[6] Question 6: Consider aclass AB BJT output stage shown below. Assume transistors O, and

Q, are matched with 7 = 10_13A, B islarge, and the output is sinusoidal with a maximum
amplitude of 10V.

+12V Assume V, = 25mV

-12V

a) Find the value of V55 such that the quiescent current is 5% of the maximum load current.

VBB -

b) For an output voltage of -5V, estimate i, , iy, and vy.
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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: k, = u,C (W/L) ; V,, X
(triode) vps < v,, (01 vp<vg=V,,); ip = ky((Ve)Vps = (Vps/2))
. . 2 _ _ _ . —
(active) vpg2v,, 3 ip=05kyv, "(1+Avpe) 58, = k,V,, =2I5/V,, = 2k :7s =
PMOS: k, = n,Co (W/L) ; V,,<0;vgp20;v,, = vse =7yl
(triode) vsp <v,, (or (vp>v+ |V, 1) 5 ip = k,((ve)vsp—(Vsp/2))

= k,V,, = 2p/V,, = J2k 1,7, =

Equation Sheet

>0;5vpg20 5 v, = ves—Vy,

1/g, > = L/(‘Wllz))

. ) 2 L= ,
(active) vpg2v,, ; ip =05k, (1+[Mvgp) &, 1/g, 7o L/(IMIp)

/V. — . - : =
BIT: (active) ip = 1Se(v” ’)(1 +(vep/Vy)) 38m = a/re.= IC/f/T v, = VI v = B/, ite = Vil I
ic = Piy 3ip = (B Digio = B/(B+1)3ic = aipiRy = (B+1)(r,+Rp) s Re = (Ry+r)/(B+1)
v
R ~(1+g,R R =178, +Rp/(gy7,) ?
Cascode: v R= U FERIT, Vi 4 e e R o/ Vim&n(r, | Rp)
RS l,vcz_(l/gm+RS) Vi D o¢ ! = D
= = Vit = (Approx due to g,,r, » 1)
Diff Pair:  4q = &uRpi Ay, = (Rp/(2Rs)(ARp)/Rp) s4cy = ~(Rp/ (2Rg5))((Ag,,)/ 8,)
V,o= AV, Vo = (Vo /(AR Rp): Vs = (Voo /D((MW/L))/(W/L))
~ A ~
Istorder:  step response (1) = ¥, = (Y, =Yy, )e”’" unity gain freq for T(s) = ﬁ Ji= Ay @34 when 4> 1
3dB
Freq: for real axis poles/zeros T(s) = k (A ts/z)( *s5/z).. (1 +5/2,)
(1 +5/0)(1+5/0,)...(1 +s/®,)
OTC estimate f; = 1/(2ny1,) 5 dominant pole estimate f; = 1/(2m7t,,,)
Miller: 7, = Z/(1-K); Z, = Z/(1-1/K)
Mos caps: Cg.v = (2/3)WLC0x+ WLovcox; ng = WLovCox ; Cdb = CdbO/(/\/l + de/VO)

= 84/ Qu(Cyy + Cyy))  assuming Cpy«Cyy f, = (3uV,,)/(4nL)

Feedback: A, = A/(1+4B): x; = (1/(1 +AB)xy: dd/Ad, = (1/(1+AB))dA/A 5 Oy = op(1+A4B); 0y = @ /(1 +4B)

Loop Gain L==s,/s,5 4y = A,(L/(1+ D) +d/(1+1);  Zpgy = Z (1 +Lg)/(1+ L)

PM = ZL(jo,) + 1805 GM = —|L(jo50)| 45

Pole Splitting ©,," = 1/(2,,R,C/R,) : ©p’ =(2,,C)/(C,C, + CAC, +Cy))
Pole Pair: sz+(mD/Q)s+m(2) =0 ; 0<0.5= real poles; 0> 1/42 = freq resp peaking
Power Amps: Class A: 1 = (1/4)(V,/(IR)(V,/ Vee) Class B0 = (1/4)(Vy/ Vee)s Pon s = Vee/(°Ry)

Class AB:i,i, = I
2-stage cmos opamp: ®,, ¥ (1/(R,G,,R,C,)); ®pp ® (Gp/ Cy)s 0, f (1/(CA((1/G,5) —R)))
SR =1/C, = o,V > will not SR limit if ®, ¥, <SR

t"ov

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 | 002 | 03
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