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|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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[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
o Bs Hs AllL = 0.18um
S
10kQ
20pA 0 — Vo 20pA

Yo

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: Consider the 3 current mirrors shown below. For al transistors, L = 0.18um,
W = 3um.Also, I = 100uA4.

I V1,
v 1o 0.3V 4

14

I I 0.7V 0.7V, ¢ V, 0
v o

4 o—f o—|
o
—— S —
D (1D (I11)

a) For the current mirror in (1), estimate the change in the output current for an output voltage
change of 0.5V. Also, what is the minimum output voltage, V, while keeping transis-

torsin the active region.

(min)

Vo(min) =

b) Repeat question a) for the mirror in (I1)
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) Repeat question a) for the mirror in (111)

v

o(min) =
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[6] Question 3: Consider the circuit below.

1kQ ) ;
(ideal)

> R2
10kg§

aFindL, A, andd.

b) Findv,/v,,R,, axdd R, .
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Em1 = Em2 = 2mA/V

ol

=T,y > >
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[6] Question 4: Thecircuit below iscalled a* super source follower”. Assume the current sources
arerealized using single transistorswith L = 0.18um (include their output resistances r,

andr, ).
%
PP AllL = 0.18um
I All|V,,| = 200mV
200 A flout
"
2
]4
100pA =

Find the value for the output resistance, R, assuming g7, » 1.

out’

R =

out
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[6] Question 5: Consider the circuit shown below. For the opamp, 4, = 40, R,y = 10kQ,
R, = 1kQ.For M, V , = 200mV and L = 0.18um (include r,).
Vop = 5V
R R -
S Assume Iy, = 200pA

vS 1 kQ Ml Rout

3V va <—i ¢
> 5kQ
I Rl% q}f %RL = 1kQ
5kQ (ideal)

a) Find L, 4 (assumed isabout 0).
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b) Findv,/v,,R,, axdd R, .
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[6] Question 6: Assume an opamp isideal but has the following open-loop gain and will be used
in a non-inverting configuration with 2 resistors.
10*
(I+s/0,)(1+s/®,,)(1+s/0,)

a) Draw the Bode plot for the above open-loop gain (both mag and phase)
Mag

wherew,; = 10°, 0,, = 10", @5 = 10°.

A(s) =

Phase
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b) Estimate the minimum closed-loop gain, 4 that can be realized while having a phase

min ?

margin about 45°

min

c) If itisdesired to have aclosed-loop gain of 10 estimate the new value of @, if itismoved

to alower freq and a phase margin of about 45° is desired.
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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: k, = u,C (W/L) ; V,, i
(triode) vps < v,, (01 vp<vg=V,,); ip = ky((Ve)Vps = (Vps/2))
(active) vpg>v,, i in= 0.5k, (1 +hvpg) 38w = kVoy = 20/ V,, = 2k Ip5r, = 1/8, 370 = L/(NIIp)
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))

= kV,, = 20/ V,, = 2k, D0 = 1/8, 570

p"ov

Equation Sheet

>0;5vpg20 5 v, = ves—Vy,

L/(IM1p)

. . 2
(active) vpg2v,, 5 ip =05k, “(1+ Avsp) :&m

pe/Vp) B _ o =
BIT: (active) ic = Ise " (1 +(veg/V,) 38n = @/7e = 1/ Vi Tn = B/gy 7o Val/Ic
i = Bigiip = B+ Digsa = B/(B+1);ic = aigiR, = (B+D(r,+Rp); R, = (Rp+ry)/(B+1)
Cascode: i Rou = Rs ¥, guroRs~ (1 +g,Ro)r, Rp
T L Ry= Ryt r) /(4 gur) < Ro/(gr,) + 17,
Diff Pair:  4q = &uRpi Agy = (Rp/(2Rs)((ARp)/Rp) s4cy = ~(Rp/ (2Rg5))((Ag,,)/ 8,)
Vye = AV, 3 Voe = (Vo /2)(ARp)/Rp) 3 Vs = (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 7(s) = , (*s/z)(A +5/2).. (1 +5/2,)
‘(I+s/o))(1+5/0,)...(1+s/w,)
OTCestimate f; = 1/(2n%T) ; dominant pole estimate f7 = 1/(277,,,)
Miller: 2, = Z/(1-K): Z, = Z/(1-1/K)
Mos caps: ng = (2/3)WLCU‘+ WLUVCOX; ng = WLOVCOX ; Cdb = CdbO/(/\/l + th/VO)

Ji = 8n/2n(Cyy+ Cyy))  assuming Cp,«Cyp f, = (3uV0V)/(4TtL2)
Feedback: A, = A/(1+A4B); x; = (1/(1+AB))xg; dAy/Ap = (1/(1+AB))dA/A; Oy = o (1+4B); 0= 0, /(1 +4B)
Loop Gain L=-s,/s,; Af = A (L/(1+L)+d/(1+L); Zyy = pOn(k:m((l +Lg)/(1+Ly))
PM = ZL(jo,) +180: GM = —|L(jog0)| 45

Pole Splitting ©,," = 1/(2,R,C/R)) : ©p' =(2,,C)/(C,C, + CAC, +Cy))

Pole Pair s~ + (0,/0)s + wi =0 ; 0<0.5 = real poles; O > 1/ 2 = freq resp peaking

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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