University of Toronto

Term Test 1

Date - Oct 12, 2012 (3:15pm to 4:45pm)
Duration: 1.5 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: For the nmos circuit below, draw the small-signal T-model and derive expres-
sionsforv,,/v, and v ,/v; intermsof R, Rgandr, = 1/g, .Assume A = 0.

Voo
Vol —
R
D V;
Vol
Vi o—]
Vo2
02 _
Ry v
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[6] Question 2: Consider the current mirrow below. If the current mirror is designed for a current
of 20u4, find the voltages V', and V', suchthat v, can go aslow as possible while the

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

all L = 0.5um
Vs o—||: M, WZ = lum
I, = 20pd .
Vg1 o—||: M, B2 —
= VO_min =
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[6] Question 3: Find the small-signal gain, v_ /v, and output resistance R, . (ignore r, when

finding i, butinclude », whenfinding R ).

Vpop = 5V all L = 0.5um
4 W, =W, =20um Yo _
L{I: My W3.: Apm : i
L v, Vi bias voltage is 1V
Vg = 2V —||: M, R, =
Vi °_||: M,
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[6] Question 4: For the circuit below, al V,, = 200mV andall I, = 50uA . The designer is
concerned about noiseon ¥V, and V', biaslines. Findthegainsv,/v;; and v, /v,,.
(Include r,; when finding iy for v, /v;, otherwiseignore r, whenfinding ig.)

LDD all L = 0.5um Vo _
V.
Va—d[D m, -
%
——o V, Via

Vs *Vvip °—||: M,

V1 +vy —||: M,
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[6] Question 5: Consider the current mirror shown below. Using small-signal analysis, estimate
the changein /, whenthereisa V,, mismatch of 5SmV between M, and M;. Ignore r,, .

— all L = 0.5um Al =
frer = 2004 i,lo W, = W, = W; =2um 2

Ve =I5 M,

M A M
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[6] Question 6: Consider the circuit below where v, = 2V.

Vpp = 5V all L = 0.5um
4 4 4 W, = W, = 5um
Ms:|'°‘|—|‘°'|: M, M4:I|°J Wy =W, = Ws=20um
Viem * Vig/2 —o" o Viem ~ Via” 2
[T
M, M,
I, = 50p4

i (JP I, = 100p4

a) What is the max and min for v, ?

op_min

Vop_max

b) Findthegain, v, /v, ;.
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ECE331 Analog Electronics Equation Sheet
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, = w,Co (W/L) 5 V,,>0;5vpg20 5 v,, = vgs—V,, )
(triode) vpg <v,, (orvp<vg—=V,); ip = k,((v,,)vps —(vps/2))
(active) vpg=v,, 5 ip= 0.5k, (1+kvpyg)

n-ov

i8, =k Vo, = 20/, = 2k D, i = 178, 5o = L/(IMp)
PMOS: k, = n,Co (W/L) 5 V,,<05vgp20;v,, = vse =7yl

. . 2
(triode) vgp < v, (or (vD>vG+|th|)) 5 ip = k,((v,)vsp—(Vep/2))
. . 2 _ _ _ R . = 4
(active) vps= vy, 3 ip=05kvy, (1 +[Mvgp) 58, = K,V = 2Up/V,, = 2k D7, = 178, 370 = L/(X1Ip)

( /Vr) _ _ . _ . -
BIT:  (active) ig = Ige. ™ (1 + (vep/ V) 38m = 0/7g = A/ Vs 7n = B/ 370 = |V

/I
i = Biyiig = B+ Digio = B/(B+1)iic = aigiRy = (B+1)(r,+Ry) s R, = (Rg+rp)/(B+1)
Cascode: JH Rout = Rg 7t g, r R~ (1+g,Ror, R,
% Rs 1 L Ry=Rptr)/(1+g,r)~Ry/(g,r,) + 1/,
Diff Pair:  4q = &uRpi Agy = (Rp/(2Rs)((ARp)/Rp) s4cy = ~(Rp/ (2Rg5))((Ag,,)/ 8,)
V, = AV, 3V, =

(V,./2)(ARp)/Rp) s Vs = (Vo ,/ 2)(AW/ L))/ (W/L))

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

v, nCoy X Cox oy

2] (pA/VZ) (Lm/V) (fF/umz) (nm)
NMOS | 04 240 0.05 85 4
PMOS | -04 60 -0.05 85 4
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