University of Toronto
Term Test 1

Date - Oct 21, 2013 (11:10am to 12:00pm)
Duration: 50 min

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.

Question Mark

Last Name: Total

First Name:

max grade = 24
Student #: ( g )
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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 = 4um, L = 0.5um isbiasedwith ¥, = 0.4V and Vg = 1V.

a) Find the , for this device.

b) If Vg isincreased by 0.5V, what is the corresponding changein 7, ?
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[6] Question 2: Given 2 current sources from V', where each are 10uA , design awide-swing
cascode current-mirror circuit (including bias voltage generation) that gives an nmos output
of 40uA . Assume dl transistor lengthsare 0.18um and the nmos current mirror output tran-

sistorshave W = 4um. 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.

?
v, ; g ImA/V
s b g = 0.5mA/NV
‘ | ImA/V
y O_IIJMI M, :.Il—_l_ Em3
o)

a) Find the small-signal short-circuit current gain, i,./v; assuming all r, — .

b) Find the small-signal gain, i /v; assuming », = 20k for all transistors (current source is
till ideal) and make no approximations. Compare this result with that found in part a) in
terms of percentage error.
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[6] Question 4: Consider the circuit shown below. All current sources and the transistors have the
same output impedance of , = 40k . Alsothetransistorshas g, = 1mA/V . Estimate the

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

v /v

v,/ vy =

V2

1 k VBZ_|

17 Vi

LY.
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Analog Electronics Equation Sheet

Constants: k = 138 x 107 JK™' ;¢ = 1.602x 107" C ; ¥, = kT/q ~ 26mV at 300 °K ;
g9 = 8.854x 107 F/im; k,, = 3.9 :C,, = (koy80)/loy
NMOS: k, = w,Co (W/L) 5 V>0 3vps20 ;3 vy, = vs—V,

tn

. 2
(triode) vpg <v,, (orvp<vg—V,); ip = k,((v,,)vps—(vps/2))

(active) vpg2v,, ; iD:0.5k v, 2(1 tAvpg) 18w = KV, = 20p/V,, = kD = 178, 370 = L/(VIIp)
PMOS: k, = ,Co (W/L) 5 V,,<0:v5p>0 3 v,, = vgs=|V,|
(trlode) vgp<v,, (or (vD>vG | |)) ; =k ((vo,)vsp—(Vsp/2))
(active) vps2v,, zD 0.5k,v,,’(1 +\x|vSD) (8 = kYo = 20/ V,, = 2k Iy = 178, 70 = L/ (VD)
( = - = C = cpo=
BIT: (active) 1C = Iee "a5/70) ) +(vep/ V) i8m = 01y = A/ Vit = Vi lgsrg = B/g, 57 [Vl /1¢
= Biysip = B+ Digso=p/(B+1)iic = aigiR, = (B+1)(r,+Rp) s R = (Rp+r)/(B+1)
1%
~(1+g,Re)r Re=1/8,+Rp/(gy7,) °
C d . v. x m o_ ) N ~
ascode ;esi i ~~(1/g, +Ry) 1"; Vi 4 Ry, Vo= Vi [ R, Vo/Vi% &u(r, [ Rp)

= = v; =
Diff Pair:  4q = &,Rps Ay = «(Rp/(2Rg))((AR)/Rp) 1Acw = ~(Rp/ (2Rss))(Ag,,)/8,)
V.. = AV, 3V, = (V, /D((ARp)/Rp) Voy = (Vo /2)(AW/L))/(W/L))

(Approx due to g, 7, » 1)

. 4 .
Ist order:  step response ¥() = Y, —(Y,—Yy,)e e unity gain freq for 7(s) = T5s /o S/A/(ID Ji=[Ap|©3q when 4y » 1
3dB
Freq: for real axis poles/zeros 7(s) = k (*s/z)(A +s/2)... (1 +5/2,)
(1 +s/0)(1+5/0,)...(1 +s/®,)

OTC estimate  f; = 1/(2nx 1)) 3 dominant pole estimate fy = 1/(277,,,)
Miller: Z, = Z/(1-K); Z, = Z/(1-1/K)

Mos caps: Cyy = (2/3)WLC, + WL,,Cy: Coy = WLy,Co s Cay = Cape/ (JT+ Vi V)
Ji = g/ (2n(Cyy+ Cyy))  assuming C 0a<Cqs f; = (3me,)/(4TtL2)

Feedback: A, = A/(1+A4B); x; = (1/(1+AB))xg; dAy/ A, = (1/(1+AB))dA/A; Oy = oy(1+4B); oy = oy /(1+A4B)

Loop Gain L=-s,/s;3 ;= A, (L/(1+ L) +d/(1+L)5  Zyoq = Z,0((1+Lg)/(1+ L))

PM = ZL(jw,)+180; GM = —\L(,'colgo)|dB

Pole Splitting mp] =1/(g,R, CfR )5 O _(ngf)/(C C2+C1(C1 +C,))
Pole Pair: s +(o, /Q)v+oa =0; Q<05érealpoles Q>1/ﬁ3freqresppeakmg
Power Amps: Class A: 1 = (1/4)(V JURDY(V,/Veg) ClassB: 1 = (1/4)(V,/ V)i Pox max = Vee/ (TR,

Class AB:i,i, = IQ
2-stage cmos opamp: ® 1 (1/(R, szR C.))®p ™ (G,2/Cy);0, f (1/(C.((1/G,,)=R)))
SR =1/C, = ®,V,, ;will not SR limit if ,V, < SR

t’ov

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

14 nCoy X Cox | ty,
M| (uasv?y| @V | (g5 um’)| (nm)

NMOS | 04 240 0.05 8.5 4
PMOS | -0.4 60 -0.05 8.5 4
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