University of Toronto
Final Exam
Date - Dec 13, 2012 (9:30am to 12pm)
Duration: 2.5 hrs

ECE331 — Analog Electronics
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.

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).

Rs() . |7H -
b e @H— | AL = 0.18pm
20pA 10kQ oun

ML IODV : ”

me 1P|——|—4|:lr3 |[‘| ) = 0.05 pmtv
| LV60 Jay, <

a) Find the small-signal gain v /v
= 36 r = vy .=(ok
M/I I_D i jék o - k IVO/VS ="Kol
r‘)?;?ok I’o//rz,,_//r3~/3

= ,Q//ycox("%,/)_in = ’L(Goe Q( nglooe-{) = 0.730 A yv

'?\4' (V‘“ //"«L/(fo:;Sf- ——(0~73€,3)(/g,<J: — 3. /4_(/(/

R\Q

WY

K

1

b) Estimate the 3db frequency cutoff, f34p . For C,;, values assume V,;, = 0.

w C7¢( / Wi C"X -+ "‘/LW Cﬂx If3dB = 34’0
[/3) (6){o-19]+(8)(o. a+)](9 Se "f) ’ 4z

— (0.9 £F .
C% - W LM/ e =(9) (0.04)(8. §C 5) = 2.72

Wp, = L — = 2.45¢cF R4yC
= Ry [cfmu(/z plev: IR (wn»)
MO D clz L), + T+ Gy = 6\/ + Wottsy) C@((, ,)
= (8+ 342) (03 #F/p) = 3. HF
ke (.. llr%!!_rd\/aé() (18 (30¢F) ~ [ . 42e o RAY/f

— =
fo o & 7/5( = 34l mup
(
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[6] Question 2: Consider the 3 current mirrors shown below. For all transistors, L = 0.18um,
W = 3um. Also, I = 100p4.

I /1,
v ;o 03V 4 / ¢y
I V1, 0.7V, 1 Vo 0
0.7V o o
v, s Vo
H— R
M

@ 1D (IID)
a) For the current mirror in (I), estimate the change in the output current for an output voltage
change of 0.57. Also, what is the minimum output voltage, V', iny » while keeping transis-
tors in the active region.

- _ (27 PR
/TD = /{/‘_':C/l—)i L‘//ZLVOV)L ”) \/D\/ ’/lf A/A/COK%J
- - 0224V
Viv = ,J l"’"“’/‘@e—c)(%rs) N

- 0.5
o= =30k o aT= 557 =150

Ve

v - V,y = 0.224

Y mMry

Mo = lon = Sk
b) Repeat question a) for the mirror in (H)q,:m)
_ - - , s ;—q

V,, = 0.224 V4 = Vv 0.693 A/ Al =0.43 | m A

(aer= For +Tont Gma Fog Yoy = T, Lo 0.3 JV

mnr— o T (7"'\1_ o1 ! %’L oL %o
Mow = 6 mIL

L= 0 or in.¢M

O.?V’VT/‘ = 07”044 :’&3\/
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c) Repeat question a) for the mirror in (III)
Loop CAen L= 20

fi~vct %:_( (fouué FrrLow ER
e "//7)% ﬂL:: rb

So fer = (g Neve) =(iten) (2)

o = )44 rn
Ai = A/- - 0.; _ 1
Rour Ta4d-r4 ~ A
Vo@,.,) = Vo + UV, = 03 +0.224
= 0.524

page 4 of,l,[“



[6] Question 3: Consider the circuit below.

\, v o ) - "
HBRI T _:‘_4. v, To1 =Top > ®
My - (Vo
M1 0k
Vg > Ry
(ideal) 10kQ2

a)FmdLA arjd(d ) ) ?33—’2’
T o] %
Vy [0 /;Q =,L:/:’ép//,l— ) - _O'é‘gz .
_&—// (H\z_“Ll 3 7""‘ l A, = —|D 71
11;.. (le,/j) [ok Il (o, ?Zk) = -—/Ol Y% d=0.16a| %
1% 333 =04 022 '% £ =
s 733 110K ) oo = Pt R0 =
L= (o) (0P (3 = TZi 3 ’&VI
a7 FEEABAEK Jo 2 /0 ) =
Ax —7 5 % : ,/0 .
Pm’ okﬂ(’- ) 74) (Dq)
d 2okl % b—,LQ QI*LK’ 6‘5’7_//1c)
= 0. 164
(R,wz-,/)
V752
b) Find v, /v, R; andRout
Y = m( s A= 39k %

LI; 0 Rin :‘Mm
?W\ / lel(ﬂ(#ﬂ?/)] /—}’L Lo~ L Rout :—3:07 K—'(Z_

T i) = 1190

8l< — 20>
. &{/[a‘ +(£J//7“]] ) U:a,m $/ 07K
SR Rl D R = (37 ) = 040 R
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[6] Question 4: The circuit below is called a “super source follower”. Assume the current sources
are realized using single transistors with L = 0.18um (include their output resistances r 5

and r,,).

14 ?,4;(
PP AL = 0.18um o= =4
I, . All|V,| = 200mV 2 4
200 A out - - - 25 —
‘-i .V, TR Foq 70';;"36‘
R x /9 k
Vs —dff M, Fb?’gﬁ_, M
o v M = § = E
LY ] wiop,m 7/»\: = Tooe-?
100pA = ho
Find the value for the output resistance, R, assuming g, 7, » 1.
k _ ro‘#"Lr"/ = ..&_:')Jc.fL
T ey e Rw= 55 N

ﬁour[kw); '/\0‘2,///\()3/[ R
el el 2K = 170K

L= - (\%e)(‘q%)

—

_ _ .71 %
R Ll R
&
Vir o /.P‘ ”y’ \"’ /Q
"\7: 7/»»( L4t ToT) 0
0
| = L= g = 30.7 %
Lo | —
Ry, = Pl (A=) = Son
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[6] Question 5: Consider the circuit shown below. For the opamp, 4, = 40, R;; = 10kQ,

R, = 1kQ.For M, Vey = 200mV and L = 0.18um (include r ).

ﬂ/n/, Vpp = 5V ‘
Ry Assume I, = 200pA
+ v v/ ° o uy‘ - 3;(___ /ek
Vg _ M, g d_,RowTI o~ Ty, "
3V Vi W2 4L - R ) Al
L 5Kk0 | v
L R, 1 R, = 1kQ v
= ;=
5kQ (ideal)
a)Find L, 4, and d.
_ V% (\/I \/r\ L = v
L= '\/t’)( ’\/o) ) iz 5/
A, = 2V A
Lﬁr Ry= Rell 1y, /l(ﬂl-ﬁ @ //@ a(‘/'ﬂf)]) F—
(V - BS’LIL

L, 0[3(04-57%?64‘ 13
/

ﬂlf-f—ﬂ*)/
f g -— A —
— _ \ — jé,‘/— \%V
ﬂlo(‘t"ﬂf
2 Yy

-

Ao =

d=o

R —— )V
I-/'&»-L/\/

Ry
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b)Find v, /v, R;, and R

| (KZ ) e H/L (’(’ 1;,-/,;5=1/‘332/
Rou =315
— z(:ﬁm - 181 %
Ry = Ry + & *[/{,// ﬁg [RL// =l C,)]
Q&o) 'L.S"’;c
= [3.58 S )

| A ) ~

~ ~ f \
Ry = Ruyp=gy (1H4) = 170 AL

R, = R, — Re = 1321k F2

., = R /7';// Cl//(@z*ﬁf//@i‘(*ﬂf)])

k=0 <
(, _ ’31§fL §.-44«
Rowsy = QO*T((A%)/(,,L) = J0.5 .
/
&DMT,:AWT'//KL;>:—L§@/ T e
Rowr w71 T
chr = 3(.5 JL

55T

page9of)/fll



Liadt lNaiiic
loop gain and will be used

ing open-

where ®pp = 10°, 0,y = 107, ®,3 = 10°.

deal but has the follow

is 1
nfiguration with 2 resistors.

10*
(1 +s/cop1)(1 +5/0,)(1 +5/0,35)

Assume an opamp
rting co

mn a non-mve
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b) Estimate the minimum closed-loop gain, 4, ;. , that can be realized while having a phase

margin about 45°

44(3'“4)9””3(0 LJ/M-z(A},(’:IJ W/f. 4

<\(

min = /pp

o+ IA(JUJ} ~ 4o )R (o& (00 \{;)
SD Fbp\ Loo P é/;’fhv o~ :) {B;} 0.0 |
oL POR Wow- LT 70y AP Ao ® Jﬁ

000 A/‘?IIV = /UO V/V (0&4’00[/3)

c) If it is desired to have a closed-loop gain of 10 estimate the new value of ® 1 if it is moved

to a lower freq and a phase margin of about 45° is desired.

e, =10 = B = ol T

co0p G ot ans Ty CHAeas FREBR JHoued vecur. A7
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ECE331 Analog Electronics Equation Sheet
Constants: k = 1.38 x 1072 JK™' ;g = 1.602 x 107 C ; ¥ = kT/q ~26mV at 300 °K ;
gy =8.854x 1072 F/im; ky, = 3.9 ;Cop = (kox80)/ 1oy

NMOS: k, = p,Co, (W/L) ; V> 0,vpg20 [ ¥y, = Vg5~ Vin

(triode) vps S Vo, (0 vp<vG=V,); I = kn((6))VDs — (¥bs/2)

(active) Vpg 2 vy 5 ip = 05k o, (1 +Avpg)  38m = kyVoy = 2Ip/ Vo, = LI srs = 1/8y 370 = L/(IMp)
PMOS: k, = p.pCox(W/L) 3 Vip<0; vep20;v,, = vSG—|V1P|

(triode) Vgp < Vg, (OF (Up> v+ | V) 5 ip = by (V) Vsp~ (Vsp/2))

(active) vpg2Vy, > Ip =O.5kpvav2(1 +|Mvgp) 38m = KV = 2Up/ Vg, = m sro=1/g, 37 = L/(IN'1p)
BIT: (active) ic = Ise(vBE/VT)(l + g/ V) 38m = &/1e = 1c/VpiTn = B/8n 70 = [Val/Ic

ic = Bigiig= PB+Digia=p/B+1):ic= aigiRy = (B+D(r,+Rp); R, = (Rg+r)/(B+1)

Cascode: %RM =Rg+r,+ gyt R~ (1 +8,Ro)7, Ry

Rs L Ry =(Rotr) /(1 g1~ Rp/ @1 o) + 1

Diff Pair:  4a = EnRps Agpy = ~(Rp/QRs)) (ARp)/Rp) 3Acu = ~Rp/ QRs9))(Ag)/ 8m)
Vo = AV, Vs = (Vo /2)ARR)/Rp) s Vs = (Vo /D) (AW /L)) /(W/ L))

Istorder:  stepresponse (&) = Y — (Y- Y(,,,)e_'/T unity gain freq for T(s) = 1+—./v4/%_ S~ |Apjosqg When 4y » 1
(1+5/2)(1+5/25)...(1+5/2,) a8
1+s/0)(1+5/0,)...(1+5/0,)

OTC estimate  fi; = 1/(2n%1)) 5 dominant pole estimate fy = 1/(277,,,)
Miler:  Z, = Z/(1-K); Z, = Z/(1-1/K)

Mos caps: Cgy = (2/3)WLCyy+ WLy Coy Cga = WLy Cors Cap = Capo/ T+ Vgy/ Vo)
J, = 8/ @M(Cyy+ Cp)) assuming Cpy« Cy f, = 3uV,,)/(4n %)
Feedback: A, = A/(1+4P); % = (1/(1+AP)x,; dA/ 4, = (1/(1+AB)dA/A; Ony = oy(1+4p); 0 = 0y /(1 +A4P)
Loop Gain L=-s,/s,; Af = A (L/A+L)+d/(1+1); me = chn(k=o)((1 +Lg)/(1+Lp))
PM = ZL(jo))+ 1805 GM = -|L(j® 50|45
Pole Splitting @, =1/(g,R,CsRy) 0 =(gnCp/(C1Co+ CAC, +Cy))

Pole Pair P (0,/Q)s+ co(Z7 =0 ; 0<0.5 = real poles; 0> 1/ 2= freq resp peaking

Freq: for real axis poles/zeros T(s) = kdz:(

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

CdbO

v, | HCo Al Cox | 1,y | Ly 7%

| (nars V2) (pm/V) (ﬂ?/pmz) (nm) | (pm) (ﬁ)

pm

NMOS | 0.4 240 0.05 85 | 4 0.04 0.3
PMOS | -0.4 60 005 | 85 4 | 004 | 03
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