University of Toronto
Term Test 1
Date - Oét 12,2012 (3:15pm to 4:45pm)
Duration: 1.5 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 0.
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[6] Question 1: For the nmos circuit below, draw the small-signal T-model and derive expres-
sions for v, /v, and v, /v, interms of R, Rg and r, = 1/g,, . Assume A =0.
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[6] Question 2: Consider the current mirrow below. If the current mirror is designed for a current
of 20p4 , find the voltages V5, and V5, such that v, can go as low as possible while the

transistors remain in the active region. Find the minimum output voltage, vq .. ?

all L = 0.5um
—oV, W, =2um Vo= 0,664
B1 4
i i3 21013
Y o b Vep= .23V
= VO_min = 0;4?3V

(\D = /"'_1’_;}“ (%,)(VDV,)L

[
(%ﬁs—ii)(‘ﬂ Vowi ) Vpy, = 0204 Y
s

D oumA =
dhz” c'o, :> Do mA :(%‘f_%i)@) VQ;;Z oy, = 0.289 V
\/@1 — Vo, +Vin :0:’L04—+o.4-‘: 3
g ruw Vg T Voy, = 0:20%
Ve, = Vevy + Vn+ Vo, = O° g3 v )
Vou, + Veva - 0.493

Vo_,m 14 —
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[6] Question 3: Find the small-signal gain, v, /v, and output resistance R, . (ignore r, when
finding i, butinclude r, when finding R ).

all L = 0.5um
W, =W, =20um Yo _ _

T——< M, W3 = dpm Vi

v, Vi bias voltage is 1V

Vg, =2V —C M, 0

Vop = SV
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[6] Question 4: For the circuit below, all ¥, = 200mV and all I, = 504 . The designer is
concerned about noise on ¥, and ¥, bias lines. Find the gains v o/ vy and v, /vy, .

(Include 7,; when finding igc)

pp L =05
: SR %= ——5700‘/4
il
VO_
2= -%0.5 Y%,
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[6] Question 5: Consider the current mirror shown below. Using small-signal analysis, estimate
the change in I, when there is a ¥, mismatch of SmV between M, and Mj;. Ignore 7.

_ all L = 0.5pum . IAI -
Iref 20pA \1,10 W, = W2 _ W3 = 2um | o 0,73;41

Vg, =L M, C/A/éE L‘_/{:WI ;> I‘O = 2.’0/0,_/4
wH——Fu  (F AVe, =0

; i -
i&g' = MuN Co&(%) Vov, =) Vo\/, — 0,204V
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[6] Question 6: Consider the circuit below where v, = 2V.

all L = 0.5um
W, =W, =>5um

Viewm ~ Vie/ 2
M, j:o, = 6‘0,«;/4
h=0ows Ty = £o A
a) What is the max and min for Tvop ?
T, = st () Vi, D Vou, = 0.r04V  ame=lsv |
Py —z:’ o [ [ V Iv - I
joz = ,ti,iq&i_{(h//i)\/p‘/g = \/0‘/3 _—-0.2—04' 7°P_max 4',3'\/

= \/S—F'Vov/l = /.é\/

- Ve
Vop_ may = Vios —Vovy = 4.4

VU/),M/N

b) Find the gain, v,/ v;,.
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ECE331 Analog Electronics Equation Sheet

Constants: k = 138 x 102 JK™' ;¢ = 1.602x 107 C; V= kT/g~26mV at 300 °K ;
£y = 8854 x 1077 F/m ; ko = 3.9 Cox = (kox®0)/ I

NMOS: k, = 1, Co (W/L) V>0 ;vpg20 5%, = vos—Vin ,

(triode) vpg £ vy, (0T Vp<VG-— V)i ip = k,((Voy)vps — (Vps/2))

(active) vps2 vy, & ip =05k, (140vp)  18m = kuVoy = 2Ip/Voy = Bl re = 1/8y 370 = L/(IM1Ip)
PMOS: k, = p,Coi(W/L) ; Vp<05v5p20 59, = vsg— |Vl ,

(triode) vgp S Vo, (0r (p>vG+|Vp) 5 ip = ky (Vo) vsp — (Vsp/2))

(active) Vps2Voy 5 Ip = O.Skam,z(l +Mvsp)  18m = KVoy = 2p/ Vo = [k s = 1/8n 270 = L/(IMp)

/Y. . -
BIT: (active) ic = ]se(VBE D+ g/ V) i8m = &/Te = 1c/VriTa = B/gm 370 = [Val/Ic
o = Pig sip = (B Digsa = B/(B+ 1) ic = @Ry = B+ DO+ R R = (Rg+r)/B+1)

Cascode: R =Rg+ry+8,r,Rs=(1 +g,Re)7, 1 R,
R 1L R, =Rp+r)/(1+8,7)~Rp/(@n7s) + 1/8m

Diff Pairr  4a = &mRp: Ay = —(RD/(zRSS))((AR'D)/RD) Acy = ~(Rp/ (2Rse)) (A1) 81m)
V,, = AV, Ve = (Vo /DUARD)/Rp) > Vos = (V,,/ DA/ LY/ (W/L))

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

v, | HCox A Cox | lox
2] (HA/VZ) (um/V) (fF/p.mz) (nm)
NMOS | 04 240 0.05 8.5 4
PMOS | -0.4 60 -0.05 8.5 4
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