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 IF NECESSARY
Equation sheet is on last page of test.
Unless otherwise stated, use transistor parameters on equation sheet and assume g, 7 » 1.
Non-programmable calculator allowed; No other aids allowed

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 pm).

Voo =3V
bp AllL = 0.18um
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a) Find the small-signal gain v /v_

[f?fg 01:70!( Vo/vs=’,loé V/l/
= 462 v
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= e (Tatlrn) = (461 e¢) f%‘fj Log ¥
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b) Estimate the 3db frequency cutoff, /3,5 . For C; values assume V,;, = 0.
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(6] Question 2:
31, Vov :
assuming C, » C_, and the overlap com-
4nL’ £F

a) For a Mosfet transistor, show that f, ~

ponent of C, is negligibly small. 7/”‘ = pnwlo ){%) Vo v

,ﬁ%} I o S W s

¥ CptCl) T 2 e A

by = GV 2 e Ve
7 (5] o T

for each transistor

g, = 1 mA/V
r,—>®

Find the pole due to the node v, and also find the pole due to the node v,,.

L
- M - _
k= :;:S-: }»ﬁ—r ?l; = 0.9 o= 737e4
Gt T :
1 W;éééﬁ b (guy 3 nfz(ffu(’[" -k} ®, = oe b
= T
Loy = e _ _
(& = — = .77 e
| s (g + @) (o] (1°5PF) e
Vo | _
: - ( , =200

bpr = R Cad2 :@bg(’wj
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[6] Question 3: Consider the transistor below where it is biased such that ¥, = 0.2V . Including
the effects of C s and C 2d> find the frequency, f,5, where the impedance has a phase angle

of 45 (in Hz). Ignore 7, .

V., =02V

D—{:—' W = 3um |f45= [2.§ e
L = 0.3um ,

() I:IE F,—>®

Ty = Cox [l T _ 640616) /3 (0 Lj/; 49 p A

/”:P) - //L’\/___?j x (///) VDV — _ o (0/3) f

G = 2T0 _ aopnsy 5T g7 REE
Vov

C%’/é%)WLCoxﬂLWH\/Cm; [ 11 $F
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= —— = "/, 8bcro fR0
4%,,\,¢V4g0 AT Was 9010 ~POLp

i
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[6] Question 4: Consider the circuit shown below.
V. g1=g2=1OOuA/V A.=v./i
DD r(’)"l - ro’;= 100k cl o0’ *S

R, = 100k
R. M
mn R
i J\N‘vf ﬂ—o Yo  Hint: transconductance gml is parallel to gm2
| |
iS e | Ml Rout
a)Find L, A4, and d.
REe0RAs  [Smate-St6it) T v
SeHmATIC Lo 4
Ry ~ ‘i";&[ Ay = —/ogk | 2
s Vo d= ok |
\Y l
&
. L7t ¥ 5r) (1l ves)
€ = (0 VY

v
Ay o Voo => Y= Rele =) A =-Rp = ook

oh=(ryita,)= 5ok
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b) Find v,7i;, R;, and R ;.

N, = / \
= A,/ A
AR S
{ o , Fof
=tk (1) + S0k (7
= =84«
L—g\‘—'@
R, = [@F %grollif;z}] 2 be=L
(o
_ 13 (K
R = j{:’e ff foa} Le=0
onT B Lt
(ef;fz’ﬁzo} @
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for a feedback system
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Assume the loop gain
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9
6 = 10°,
10", 0, = 10°, 0,

where ® ol

5% 10*
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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 less than @ 3.
4

L[f): TW:) — IPM: 94

g{?*g(,){g%ﬂ‘é}{f%« ﬁﬂj f

IL@“){H’/I (o4& {,Jﬁei< (uq (it VE . .

et

IL(:}()@[ ~ je’%i’ v “:{/ t:;*3[(‘«1}’2( jue 'aj‘:
2] 1+ =% (%) (5]

LJ{i:L—(’ lD(L_I/"-J{; ) VJ{:’;—* ﬂ'{{o/,sf

Abeb |- AT ~114.5 "

L= ,70“_1;;(15{ )
P = £ L)+ 190° = £

¢) Estimate the time-constant for the settling behaviour of this feedback system (assuming it
can be modeled as a first-order system).

{ _

H -
ﬁ:’ — ,.J’“‘"’" i ,ﬂ_,e:ﬂ”‘“' - j . S W

o -

L L‘:Lf;é; 1 \ (‘))8 & § B
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[6] Question 6: Consider a class AB BJT output stage shown below. Assume transistors ¢, and
. -13 . .. . . .
Qp are matched with /_ = 10 ~A, P is large, and the output is sinusoidal with a maximum

amplitude of 10V.

+12V ’ ’ Assume V; = 25mV

. \/ﬁg
_ “
=Ty 7

Vo = Vy fanf L |
Z(

-12V

a) Find the Value of Vpp such that the quiescent current is 5% of the maximum load current.

IL,mqi = =0 tornh =) Fe T §a?6¥ 200 A |VBB = {264 I
Aé,@ = (/bMI‘{’E

VBB T}V‘fﬁ) D Vgg xSy (525 ) = 124t v

b) For an output voltage of -5V, estimate 7, i,, and vg.
N v . -
= =/0 A
lhtp=Fg Aa7l0m = | anA
R v =-5v Un Srnget
2 Lo = ’55‘;27 = (oo ) i, = (00 ~A
X I& /
bn = —-—;—/MA 5= =5.{qV
V - ,0/\/\ Slov@ -3
- ,-.-l_g_/w\(/ LV\ - /‘( \/
Fee (f) ( zev(Z)'”ﬁ 1
N/ — l’\/,,_, N~ 4 - _t _ndlfarvs — — fop e
Ve — Yo i A A R A
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Analog Electronics
Constants: k = 138 x 102 JK ™' ;g = 1.602x 107° C ; V= kT/q ~26mV at 300 °K ;
€y = 8.854 x 10_12 F/m ; kox =39 ;Cox = (koxEO)/tox

NMOS: k, = p,C (W/L) ; V;,>0;vpg20 5 V,, = Vgg— Vin ,

(triode) vpg <V, (orvp<vg—V,); ip = k,((v,,)vps — (vps/2))

(active) vpg2 vy, 3 ip = 05ko, (1 +Avp0)  &m = KoV = 20/ V, = 2k, Ip57s =
PMOS: k, = p,C (W/L) ; V;,<0 s vgp 205 v,, = vSG—|V,p| ,

(triode) vgp <V, (or (vp>vg+|V,D)) 5 ip = k((vou)vsp— (Vsp/2))

(active) vpg 2 vy, 3 ip = 0.5k,v,, (1 + Wvgp)  18m = Vo = 20p/ Vo, = 2k, 1537 = 1780 570 = L/(IMIp)

/V. . —

io = 15" (Ut (v g/ V) 18 = @10 = T/ Ve = Vi/lgs 1o = B/gy 370 = [Val/Ic

Equation Sheet

1/g, i 7o = L/UNIIp)

BJT: (active) )
ic = Big:ig = B+ Digia = B/B+1Dsic = p:Ry = B+, +Rp): Re = (Rg+r)/(B+1)
v
R ~(1+g Ror R, ~1/g,+Rp/(8nr,) °
Cascode: Vi e TR, i g v, " e Yo/ % 2,7, | Rp)
RS lsc""—(l Emt S) Vi D oc ! = D
= Vit = (Approx due to g,,7,» 1)
DiffPair:  4d = &nRps Ay = ~(Rp/(2Rs9))((ARp)/Rp) 34Acu = ~(Rp/ QRs))(Ag,,)/ &)
V,y = AV, Vs = (Vo/DWAR)/Rp) s Vs = (Vo / 2)(B(W/ L))/ (W/ L))
- 4 ~
Ist order:  Step response Y(f) = Y, — (¥, Yy )e " unity gain freq for T(s) = 1—+s—/Mo—)_ S~ A @35 When Ay, > 1
3dB
Freq: for real axis poles/zeros T(s) = k, (A +s/2)(A+5/25)... (1 +/2,)
‘A+s/0)(1+s/0,y)...(1+s/0,)
OTC estimate fy = 1/(2n¥7) ;  dominant pole estimate frr = /(21755
Miller: V= 2Z/(1-K); Z, =Z/(1-1/K)
Mos caps: C, = (2/3)WLC ,+ WLy, Cops Cpa = WLy Cox 3 Cay = Cape/ (JL+Var/ Vo)

fi = 8,/ Qn(Cy+ Cpp))  assuming Coy« Cpy fy = (3HVO,,)/(41rL2)

Feedback: 4, = A/(1+4B); x; = (/7L +4AB))xg; dd/ Ay = (1/(1+A4B))dA/A4; Onr = o (1+A4B); 0, = 0,/(1 +AB)

Loop Gain L=-s,/s5;; Ay = Au(L/(L+ L) +d/(1+ L) Zpee = Z o((1+ L)/ (1+ Lo))

PM = ZL(jo))+ 1805 GM = —|L(i® 10|

Pole Splitting @, '= 1/(ng2CfR1) ] o)pz’ = (ngf)/(C1C2 + Cj,(Cl +C,))
Pole Pair: s~ + (0,/0)s+ mi = 0 ; 0<0.5 = real poles; Q> 1/./2 = freq resp peaking
Power Amps: Class A: 0 = (1/4)(V,/(IR))(V,/Vee) Class B: 1 = (1/$)(V,/ Vo) Pos.mex = Vec! (F°Rp)

Class AB: 1,1, = Ip
2-stage Cmos opamp: ©,; = (1/(R\G,,,R,C)); Op2 ™ (G2’ Co)s mzf (1/(C(1/G,,) - R)))
SR = 1/C, = ©,V,,; > will not SR limit if ®,V, <SR

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

Capo

v, | HCu A Cox | t,, | L, W

N | (uasAy| @YY | (g/um’)| (mm) | () (ﬁ)

pm

NMOS | 04 | 240 0.05 8.5 4 | 004 | 03
PMOS | -04 | 60 005 | 85 4 | 002 | 03
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