University of Toronto

Final Exam

Date - Dec 11, 2015
Duration: 2.5 hrs

ECE331 — Analog Electronics
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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, r,» 1.
Non-programmable calculator allowed; No other aids allowed

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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[6] Question 1: Consider the wide swing current mirrow below where the desired output current
is 20pA . Given that M, and M, are identical in size and the miniumum output voltage is

0.4V, find the length of the transistors such that the current mirror output resistance is 72MQ
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[6] Question 2: Consider the multistage amplifier shown below. All current sources and transis-
tors have the same output impedance of r, = 25k . Also all transistors have g, = 1mA/V.

Find the gains, v,/v;, v,/v;, and v3/v,.
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[6] Question 3: Consider the transistor below where it is biased such that V, = 0.3V . Including

the effects of C,; and C,,, find the frequency, f,s , where the impedance has a phase angle of

45" (in Hz). Ignore r, .

V,, = 03V
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[6] Question 4: Consider the circuit shown below.

8m1 = & = 100UA/V A =v /i
rOnI = r0,2” = SOk ‘ © s

R, = 25k

VDD

————d ]M2

mn R
—‘—W\}f <—i Yo Hint: transconductance gm1 is parallel to gm2

a)Find L,A_ and d.
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b) Find v, /i, R;, and R,

v,/ i _/(7k__(}__
L' _{f ’ Rm: mkﬂ»
Y o hi ) d (7S el
(/f )
;.-lgk(%)+ 25k £)
= -/, 7K
(N Ly=0
p\/«/ = Q'{i*% ( i £ L, = &
- ¥.33 L
0 — {;rbz [/l r(,z,) L{ = 0
o (/+2,) L. =
= 4,017 k
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[6] Question 5:

All transistor gm = 500uA/V
All transistor r, = 50k

All current sources ideal

M3 i po—

Row = | 4‘8 NP2
Using feedb:ack analysis find v,/v, and R, (hint: d = 0)
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L
= «te,

[6] Question 6: Co/nsider an opamp having an open-loop voltage gain of 80 dB and poles at 105,
2% 10° and 10° Hz. It should be compensated to have approx 45 degree PM for closed-loop

—

&) gains as low as 0 dB
(= a) If the pole at 10° Hz is moved to a lower frequency (and all other poles remain unaf-
fected), find the frequency at which the dominant pole should be placed (in Hz).

Abc?(ﬁ 3051/; "> ﬁ\?’“/b = 2o Hz

4
‘ Do, Irlo” T,
- = — T AXio _

R {g::i + ’Pﬁ m/ﬁ;@ﬁﬁ 2% ¢

b) If the amplifier found in part a) is used to realize an inverting opamp amplifier with a
closed-loop gain of -5, estimate the resulting phase-margin (in degrees).
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Analog Electronics Equation Sheet

Constants: k = 1.38x 10~ JK ' 1= 1.602x 107" C ; Vy = kT/g = 26mV at 300 °K ;
€0 =8.854x 1077 Fim 5 k= 3.9;Co, = (kox€o)/ lox
NMOS: k, = u,Co (W/L) ; V, >0;vps20 5v,, = vgs—V,,
(triode) vpg S v, (orvp<vg=V,); ip = k,((v,,)vps = (Vps/2))
. . 2 _ _ _ = 1Je i
(active) vpg2v,, ;5 Ip= 0.5k,v,, (1+Avpg)  i8m = kyVo, = 21p/V,, = A/an]D Ty = Em "o
PMOS: k, = p,Co (W/L) ; V,,<0;v5p20 v, = Vs =Vl ,
(triode) vgp S v, (Or (vp> v+ IV,I,D) ;ip = kp((Vm,)VSD - (vsp/2))

2 A7 - - R = |
(active) vDS2 Vou 3 iD = O'Skpvm' (1+ IMVSD) 18m = kam, = 2]D/Vuv = kaID s = 1/gm 7o L/(M “D)

L/(IVN1p)

(vprp/ V1) . — . = N =
BIT: (active) ic = Ise T +(Vep/Vy)) 38m = QT = I/ Vpir, = Vi/lgs I = B/ oo = [Val/lc
ic = Bipsig= (B+Digia=pB/(B+1)iic=aigiRy = B+ D, +Rp) R, = (Ry+rp)/(B+ 1)
v
R.=(I +g Rs)r R.x: l/gm+RD/(gmra) °
Cascode: Vi ! mesre . ey v -
,Rs iom—(17g,+R9)™ v, Vi Ry Voo=Vi I R, "o’Vi=&n{7ol Rp)

= Vi

= (Approx due to g, r,» )
Diff Pair:  Aq = 8xRp3 Ay = ~(Rp/ (2RgeD((ARPY/Rp) ;Ack = ~(Rp/ QR (Ag,)/8,)

V,, = AV, iV = (Vo /(AR /Rp) Vg = (Vo /2)(AW/L))/(W/L))

ov

A M

fi= IAMt W335 When Ay » 1
1 +5/ 045

Ist order:  step response ¥(1) = Y (Y~ Yo,,)t’—l/t unity gain freq for T(s) =
(T+s/z2 M1 +5/25)...(1 +5/2,)
1 +s/0)(1+5/m,)...(1+s/0,)
OTC estimate  f, = 1/(2ny7,) ; dominant pole estimate fy = 1/{27T,,)
Miller: Z, =Z/(1-K): Z, = Z/(1-1/K)

Mos caps: Cgs = (2/3)WLCox+ WanCa.r; ng = WLm'Cn.x' : Cdb = Ctil)()/(«)l + de/VO)
f, = 8,/(2n(C, + C,)) assuming Cpy« Cyy f, = (3uV,,)/(41L?)
Feedback: A, = A/(1+AB): % = (1/(1+AB))x;; dA/Ap= (1/(1+AB)dA/A S Oy = 0yl +AB); 0y = @, /(1 +AB)
Loop Gain L=-s,/5; Ar = A(L/(1+ L) +d/(1+L); Zyoq = Z,0((1 + Ls)/ (1 + Lp))
PM = ZL(jw))+180; GM = —|L(i® g0)|4p

Pole Splitting ©,,"= 1/(2,,RyC/R,) ; @2 = (8,C)/ (CCy+ CAC, +Cy))

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

Pole Pair: s~ + (0,/Q)s + (1)‘2, =0 0<0.5= real poles; O > 1/./2 = freq resp peaking
Power Amps: Class A: 1 = (1/4)(\70/(IRL))([70/VCC) ClassB: n = (n/4)(170/vcc); PON max = Vic/(anL)
Class AB: i,i, = IZQ
2-stage cmos opamp: 0, =(1/(R,G,,R,C))i®p2 ™ (G,27/Cy)io. = (1/(C((17G,,) - R)))
SR = 1/C, = ®,V,,, + will not SR limit if @, V, <SR

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

C Cdva
Vr “CO-" A ox Lox Lov w
) (p.A/Vz) (HM/V) | (fF/um?)| (nm) | (um) (ﬁ
wn
NMOS | 04 240 0.05 8.5 4 0.04 0.3
PMOS | -04 60 -0.05 8.5 4 0.04 0.3
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