University of Toronto
Term Test 2
Date - Nov 20, 2015 (1:10pm to 2:00pm)
Duration: 50 min

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 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 0.
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[6] Question 1: Consider the circuit below where v,~, = 3V. Ci//// ( =25
all L = 0.2um -
W]=W2:5um (;/:)? -lg

Wy =W, = Wy = 5um
I___{,\/1C1\4-"'ic1/2 10{ - ;0/4A :/,L\{}Z
MuCox = 20 e

- I, = 100pA oy Cox = é’a &"'6
a) What is the max and min for vop?(assume vig = 0)
Vv, 2 J B .29V Yoomn = L. 8
(v pont Cox (7] Vopmax = 4. 74
\/bV L%j - Gfl,g’g V
LAY o))
Ubf‘,/\"/}’)’(: \/O@-VD\/? pnd 4'74\/
Vq?fﬂ(m/ = \/bm —\/‘t/l/ = g V
\/6/1 = 0.4V
b) Find the gain, v,/v,;. (v, = v p~v0n)
P = ?L;fﬂ: = 0775 —ANV W= 3] Yy
X T,
r;) il ’—;‘L"‘; = gﬁk
3 A Zos
Vs ‘r \ =
_— — o;//’?ﬂ) - 3(
V- e
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[6] Question 2:
a) Write the transfer-function for an amplifier havmgég—.ﬁ/ approximate gain of -100 at 100
rad/s and zeros at 1 and 10 rad/s (on the negative real axis) and poles at 5 and 1000 rad/s.

Het) = k (3+1) (5+00)
<f+7) (s + ow)

H(jtoo)| o — (o0 = (K)(/M)(/N) D F =0
[HG )| » =1 7o) Trs) =) b =660

Hes) = (o) ( S+1) ($+¢0)
é*s—) (f' #( 900 )

b) What is the dc gain of the amplifier in a)?

(D) - *[000) (!)( '{QJ dc gain = —-Z
(5') (te00)

Héo) =-)_

by MAAS/S

¢) An amplifier has 2 poles at &0 and 100 Mrad/s. Using the open circuit time-constant
approach, estimate the 3dB frequency for this amplifier in MHz.

.,[ fra = ;3 l'£3
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[6]1 Question 3: Consider the amplifier circuit shown below and only the shown capacitors.

VDD
gn1:5mA/V /l‘:;ff: Z/OOIL
4°k ignore r,, 7\"‘
IuF
D_I ' %401( :l:lnF
luF
Given that a zero for this amplifier occurs at @, = 1/(Rg C,) = lkrad/s and a zero occurs

dc, draw the Bode plot for this amplifier showing pole locations (in rad/s) and approximate
gain values at 100 rad/s and 25k rad/s.

l
_ _ = (K 0/
= W = R %) Fao

G2 (Ro#R,)

/ | ,

= —- -— = O Kk / e

D W= ey s 2R Y
l

=

= /25 RA0

Cr=) Upy =
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[6] Question 4: Consider the differential amp shown below and only consider the capacitances

shown.
8m1 = 1.5mA/V o1 = 26.7kQ
8m2 = 1.5mA/V Foo = 26.7kQ2
Vi 8m3 = 1.5mMA/V r = 26.7kQ
T i m Ema = 1.5mA/V Toa = 26.7kQ
8ms = 3MA/V r,s = 13.3kQ

a) Find the locations of the pole frequencies in this circuit (for the diff gain of the circuit).

I
bop, = A (8.7 Geraog- = 3 (M2

j PR {——Ed ' ﬁ_q o « o
Wp, = —— = 41T meafr D b= 79 mag
v Crb'pﬁi"“ogf,,} !
b) Find the common-mode gain v,/v; ., (in V/V). (Hint, v, follows v5 when a common-
mode input signal is applied) (7
-Y -4
Va {\/3 — __L -
— = , - 4/
V(e Vien rog+ Yo 267k + 607

—
—

/—\
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Analog Electronics Equation Sheet

Constants: k = 1.38 x 10’”211("‘ 1q = 1.602x 107 C; V= kT/q=26mV at 300 °K ;
£g=8.854x 107 T F/m 5 k= 3.9 Cop = (koy€0)/ 1oy

NMOS: k, = u,Co (W/L) 5V, >0;vpg 20 5V, = vgs— Vi ,

(triode) vpg < Vov (or Vp<vg-— vln) i iD = kn((vov)vDS _(VDS/Z))

(active) vpg 2 voy 5 ip = 05k, vy (14 Avpg) 18 = KV, = 21p/ Vo, = f2k,Tp i7 = 178, 170 = L/(IV1p)
PMOS: k, = p,Co(W/L) ; V,,<0; vep20;5v,, = vSG——|V,p| ,

(triode) vgp v, (o1 (vp>ve+ I\/,pl)) s ip = kp((vm,)vSD-(vm/Z))

. 2 . — .
(active) vpg 2 vy, 5 ip=0.5k,v,, (1+ Mvsp) 18 = kpVo = 20p/V,, = /2kplD ire = 17g, 37,

BIT: (active) ic = Ise(vBE/VT)(l +(Vep/ V) i8m = O/, = 1c/ VT, = Vi/lgs rp = B8y 7o = [Val/lc
ic = Biyiig = (B+Digia=p/(B+1)iic = CigiR, = B+ N0, +Rg) i R = (Rg+r)/(B+ 1)
. R.=(1+g,Re)r, R =1/8,+Rp/(8mTs) Vo
Cascode: V,RS isc=~(1/gm+Rs)_]"i vi 4 Ry Voc=Vi L R, v/ vi= g, (r, 1Rp)
= Vit = (Approx due to g,,7,» 1)
Diff Pair:  Agq = 8uRpi Ay = ~(Rp/(2Rs5)((ARp)/Rp) sAcu = ~(Rp/(2Rgs)((Ag,)/ &)
V.. = AV, iV, = (Vo /(AR /Rp) i Vo, = (V,,/2)((MW/L))/(W/L))

s

L/(IN1p)

A
-1/ . . M =
Istorder:  stepresponse ¥(1) = Y = (Y =Yy )e " unity gain freq for T(s) = Trs/o fr=|Ay|®3qp when Ay » 1
3dB
. X / 1 Z5)...(1 z
Freq: for real axis poles/zeros T(s5) = £, U +s/2)1 +5/25).. (1 +572,)
1 +s/0) (1 +5/0,)...(1+s/0,)
OTC estimate fH = 1/(2ny 1) cminant pole estimate fy = I/(ZT[Tm“\

A
C.
<
g
o
<

Miller:  Z, = Z/(1-K); Z, = Z/(1-1/K)

Mos caps: Cpo = (2/3)WLC, + WL,,Cppi Coq = WL,,Cppi Cgy = Cape” T+ Vgy/ Vi)
1, = 8/ (T(C, + Cp))  assuming Cypy« Cyy f, = (3V,,)/(4nL)

Feedback: Ay = A/(1 +AB): x; = (1/(1+AB))x; dAp/ A, = (17(1 +AB))dA/A ; Opp = 41 +AB); Oy = o, /(1+AB)

Loop Gain L=-s5,/5,; Af =A_(L/(1+L))y+d/(1+L); Zporl = ZP(,((I +Lg)/(1+Lp))

PM = ZL(jw)) +180; GM = —|L(j® 4|5

Pole Splitting (Dpl' =1/(8,,RyCR) 5 05" = (8,,CP/(CCoy + CLC, + Cy))
Pole Pair: P (0,/Q)s + mi =0 ; 0<0.5= real poles; O > 1/./2 = freq resp peaking
Power Amps: Class A: 1 = (1/4)(V,/(IR))(V,/V¢e) ClassB: 1 = (1/8)(Vo/ V)5 PON max = \fzc/(anL)

Class AB:1,i, = I
2-stage cmos opamp: @, = (17(R|G,,,R,C.)): ©p2 = (G,,2/Cp)i0 = (1/(C((17G5) = R)))
SR = 1/C, = ®,V,,,  will not SR limit if ®,V, <SR

17 ovl

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

®)
QU
kepl
(e

% n Cox A COX Loy Lo v

(V) (},lA/Vz) m/V) | (F/umd)| (nm) | (um)

.

&
33

NMOS | 04 240 0.05 8.5 4 0.04 | 03
PMOS | -04 60 -0.05 8.5 4 004 | 03
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