University of Toronto
Term Test 1
Date - Oct 21, 2013 (11:10pm to 12:00pm)
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.

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: Assume an nmos transistor (based on the 0.18um parameters given on the equa-
tion sheet) with W = 4pm, L = 0.5pum isbiased with ¥V, = 0.4V and Vppg = 1V.

a) Find the r, for this device.
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b) If Vpyg is increased by 0.5V, what is the corresponding change in /j,?

Ay = f‘—f - »—-—-0'? = -7'667/“14
Yo 65 1k
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[6] Question 2: Given 2 current sources from Vp,, where each are 10pA , design a wide-swing

cascode current-mirror circuit (including bias voltage generation) that gives an nmos output
of 40pA . Assume all transistor lengths are 0.18pum and the nmos current mirror output tran-

sistors have W = 4pm. Show the widths of all transistors on your schematic. (Hint: there
should be 5 nmos transistors and 2 current sources on your schematic).
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[6] Question 3: Consider the circuit below.

gn1 = 1mA/V
g3 = ImA/NV

Ve v,
— =
Voo F0¢, 3K

b) Find the small-signal gain, i . /v, assuming r, = 20k for all transistors and making no

approximations. Compare this result with that found in part a) in terms of percentage error.

[

J,\“%
oV,
V.
it
Vo= Ve RS A—i(—':o =) = By ¢ T V.ber Y
X = =t
1 fo T -
se= e Y (A )= 03438 mASY
L :——4,‘__\'6.—:0.6Lg“/L(rO.L/)_, . /
gk =» 033303438 /3010 FLRR ok
0.34738 ‘ 3
(/f ir°£" 'LVO’L
?vxllro[:;k() ?’”\zr"l: (D - ?/;;/CN ,;7/:&& e
- - 0

page 4 of 6



2iaAdL L NARLiTC .

[6] Question 4: Consider the circuit shown below. All current sources and the transistors have the
same output impedance of r, = 40k . Also the transistors has g, = 1mA/V . Estimate the

small-signal gains, v, /v;, and v, /v, . Make the assumption that g7 » 1.

|V1/Vi =094~%/ |
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Analog Electronics Equation Sheet

Constants: k = 138 x 1072 JK™' ;g = 1.602 x 107° C ; V7= kT/q~26mV at 300 °K ;
gy =8.854x 1077 F/m ; ko = 3.9 Cop = (kox€0)/ Iox
NMOS: &, = 1,Cou(W/L) 5 Viy>03vps20 ; Yoy = Vos= Vi
(triode) vpg £V, (Orvp<vg=V,); ip = k,((v,,)vps — (Vps”2))

(active) vps 2 vgy i = 05k,vp, (1 +4vp)  18m = kaVoy = 2Ip/ Vo, = 2yl 375 = 1/8 2 70 = L/(IM'|1p)
PMOS: k, = HpCox(W/L) 5 Vip<0 sVsp 2059, = VSG—Ith| ,

(triode) vsp < Vo, (o (Wp>vG+ [V 5 ip = k(o) Vsp = (Vsp/2))

(active) vps2vgy 5 ip = 0.5Kv,, (1 + Mvgp) 58w = KpVoy = 20/ Vo, = PhIy it =1/8, 370 = L/(IM'1p)

24 . -
BIT: (active) Ic = ]Se(VBE T)(l +(Vep/ V) 38m = a/r, =1c/Vyste = Vi/lgs 7 = B/gp 370 = |Val /e
ic = Bigsipg = B+Dig;a= B/(B+1):ic = aig;Ry = (B+1)(r,+Rp); R, = (Rp+r)/(B+1)
v
F R~ (1 +g,Rer, R,~1/g,+Rp/(gxT,) °

Cascode: Vi - : ~ o~
g i iox—(1/g,+ Rg) lvi Vi 4 Rp Vo™ Vi _d b Vo V= gn(r, fRp)

R Vi = (Approx due to g,,7,» 1)
DiffPair:  Ag = &mRps Apyy = —(Rp/ (2Rs))(ARp)/Rp) sAcy = ~Rp/ (2R5))(Agy)/ 8m)
AV, Vs = (Voo /DARD)/Rp) s Vs = (Vo, /D) (AW /L)) (W/ L))

Am £~ y03q5 When Ay » 1
1+5/®q4p

=
I

lstorder:  Step response Y(&) = Y, — (¥ - Y0+)e"“ unity gain freq for 7(s) =
k (1+5/z)(1 +5/2,)...(1 +5/2,)
A +s5/0)(1+5/0,)...(1+s/0,)

OTCestimate f; = 1/(21%1) ;  dominant pole estimate fg = 1/(2% Tz
Miller: Z, = Z/(1-K); 2, = Z/(1-1/K)

Mos caps: Cgq = (2/3)WLCy+ WLy Copi Coq = WLo,Cox 5 Cap = Cavoe’ ST+ Vi’ V)
[ = gm/(Zn(Cgs+ ng)) assuming ng « Cgs f = (3P~Vov)/(41tL2)

Feedback: A, = A/(1+A4B); % = (1/(1+ AP)xg; dAy/dp= (1/(1+ AB))dA/A; Ony = 0y(1+AP); 0y = 0/ (1 +4P)

Loop Gain L=—s,/s;; Ay = Ag(L/(1+ L) +@/(1+L):  Zpon = Z,o((1+ L)/ (1+ Lo))

PM = ZL(o)) + 1805 GM = —|L(0 50|45

Pole Splitting @, "= 1/(ng2Cle) ;0= (ngf)/(CIC2 + C),(Cl +Cy))
Pole Pair:  s°+ (0,/0)s + co?, =0;0<05 :>Areal poles; O > 1/ 42 = freq resp peaking
Power Amps: Class A: 1 = (1/4)(V,/URD)(V,/ Vee) ClassB: n = (1/4)(V o/ Vee)s Pon max = Vee/ (R°Rp)

Class AB: i1, = g
2-stage cmos opamp: | = (1/(R,G,,3R,C ) ®p2 ™ (Gp/Cp)i 0, = A/(C((1/G,a) - R)))
SR = 1/C, = o,V,,,  will not SR limit if ®,7, < SR

Freq: for real axis poles/zeros 7(s) =

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

v, | HCox A Cox | 1y
M | (uasy| /N | (F/um?)| (nm)
NMOS | 0.4 240 005 | 85 4
PMOS | -04 60 -0.05 8.5 4
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