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Question 1 2 3 4 5 6 Total
Points: 6 6 6 6 6 6 36
Score:

Grading Table (do not write in above table)
Q1. Consider the amplifier shown below where all transistor lengths are 0.18 pum.
Ms  numbers under transitor name

indicate W/L

10u4 n-C }f'ﬂ’l’u’”gf‘t‘

20pA
£
" Vv =l scadZ)
10 -k
2] (a) Calculate the drain currents, overdrive voltages and r, for all the transistors.
Ip, = Louh Ty, =4omh Hyy =/omA
. R —— — —
}955 &Ouﬁ Loy = 2omup Ejz I@Z’jﬂ_{,_:;zﬂ/ﬂ/’
Voui 2 Vor, = 0,029V focments b
—_— - 7 o WA
Vovg =0 JL] v Vov (0,[8@{,\)24 (4)
ve =\, '02331 _ A 005 ;908
Vo 5= Ve — )f - 7: T 049 !
vwgﬂo.ﬂ%,gi% P

Moy =90k L[ =26k
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2] (b) Find the maximum Vymg, and minimum V., DC voltage at the output while keeping all
transistors in the active region.

q/om/& =

\//)@ _vabf e /§4V

e ——

\/Dl"lnv = V@/ _“Vé-h = @f‘?"ﬂ}4 :-T’—‘—g_;__l/

[C/f’w Zén/a/LF)

(2] (c) Estimate the small-signal gain v,/v;. / \
R/u 7 {\
pnaadd Rowr = R / / °y

Ry = ((+7w+ (r—m//m?)) fig = %4(0#/63)r57_

%/ V@v = %\ = 030 Al

0 S (03 mase V(6ak) (1968) 5 3.35 1152
Rour :(/},74;//‘1)// 1k = [70k 2~ /80E

=

J'fc ﬁv\? e ~(0 (56 c- 3)V

(\/O = Iy Runr :(O,/§;e/3)§/€ah Vv,

2
l
&

8



ECE 331 Page 4 of 9 Dec 12, 2016

Q2. Using the transistor parameters on the equation sheet, consider a transistor of size W = 2um and
L =0.18um.

(2] (a) Assuming the transistor is biased in the active region and assuming Vg = 0, find the values of
Cys, Cga, and Cgp for the transistor (all in fF).

61‘70/’; %‘WLQA W byt = LoF+ 068 = l___-»’?LM
3

——

C%—;WLWCML‘; 0.6¢ €

cdp= Hboyiy = p.3vr = 6.(#F

W
————
[2] (b) If V,, = 0.2V, find the unity gain freq of the transistor in Hz (do not ignore Cyq).
=My Cox (G ow = =\ pr= 533e-4 4,
% Uit W75 A4 '“014'0(3_4)) /O)OLL, 5 e - /V
00y '
- P _ 94 09 [yo
{y = = 04.97 b4z
2\; ( C?Uf "/gml ) st
[2] (c) Besides noise, give 2 reasons why bias voltages for current mirrors are NOT sent a long distance

in a microchip. (Explain clearly).

CCURREAT m s BT - CAnED BT EiTHER

D) TRAL (f70R Ve sy DuE Ty
Tergi SRS BBl FAR Ay
D) (oaReg veeThALE 00 TRAWGCTIS RErn &
NGFELET  PUE TV CulRET A
Laguntt o Pan& SulPLIE( [, €0
LintS
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Q3. Consider the amplifier shown below.
Vo1 = Vouz = 0.1V
Vm__l Vw; =04V
All 7, = 100k
Ul—_‘ M M, Gy =1pF
Vg Cy = 2pF

- = 7:-7-:-6 = Qng“ﬁ/V
50pA @ TCa P~ TP Vov

2K
(2] (a) Defining v; = v; — vg, find the dc gain v, /v;.
b = oy M 1o ) aT= Tealf 902 = (762
I, = 2 = M
© o e T 4k
Vo= Tpp Rur = % Ve = (6.7 ¢
v, .
v
17
N ——
2] (b) Find the poles due to Cy and C; in Hz. ? . 7\ 3 7 M""i
C :';;) L

— ( = - N e
- )" A =

s Y pe ! 7’ :e./ e,/ /¢
25 Co (75 I Foma® P~ | 74 ol 21)

(¢) For the case where v, is connected to g, ﬁ)zd the dc gain and 3dB freq for v, /v;.

-l = Atﬁ pot M@""‘ﬁo __/.;‘;LZ-— —_— v
=1 =0 fee (A, R [+117 0.94 Ay

A S MR R M Ay

ey

s Fea DAy A Ay b =2 T70e) ((7)
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Q4. Consider the input impedance looking into the source of the circuit below. Let 7, — oo and only
consider capacitance Cys.

Ly

R
Zin
(3] (a) Draw the small signal model and find the loop gain. £

(3] (b) Using the loop gain found above, find Z;,.

T .’iiiﬁf_
_ g +f§33
2o = 2')90[5’;:9 Cena ){/*Ic%)

_ S qR / 2
%”’K%wﬂ )(%Kff%gJ
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Q5. Consider the current to voltage amplifier shown below where ¢; is nominally zero.

1.8V

Given
Ipy = 20uA
Ve = 1. 1V D2 = 4

B= My  vg=01v

Ry = 20k Z// 0. / z A
| O UO
out

@ R, = 200k
[2] ) Find the dc operating points Vp1, gmi, gm2, To1, To2. (note Ips and Vi given)

f{{[? _\_/(3_.‘_ ~= 3. 5uh :> \/9, = Vél +Ie R, = ;0__:7_2_‘;_/

¢
IB(: Iy, —Ig, = 16.5 mA
Vou, = 0.7 Ve, = 0.3V

py &Tﬁ( - 0¢ //"""\A'/V ?"‘\"Z» - lIQL =0 [?3 %4/‘/

Vyus = (\/00 "VB) AVip| = 0-2V

3.6
(o= 54 =gk Yoo= 28— igsen
Fi | — | £, —
974
[4] (b) Find Ao, L, # AcL, Rin, and R, , TN /

Ry, ; — -1/ &
AR R (N (T 0 o
Le Yy —= e é» g

Her=Pe (752 )= (14K —_—
Rour :[FOL(:@,//(,,Q,,»%] )= (Csr) ()7 81 8
bias = Z;( //(ﬁz %(r%//f"’ 1%/7% = 74'%/%}%): Q5 kL)

————

e,
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Q6. Consider a feedback amplifier that has a low frequency gain of 10°, a dominant pole at 10 rad/s and
a pair of non-dominant poles at 10° rad/s.

4] (a) jAssuming the feedbe?ck factor, 3, is independent of frequency, find the value of 8 that will result
in a 60 pjasg margin. ﬂ . Ab - /0 5 L/f( - /o g'
) M________,__-——_
A’(/f 6*%K/k/@% vpg = (0
. ()
Wier v Fred Ly, WHERE LA, ) = e
R = ‘
KiSem  Wgy S Lopy Duce powy,  T0C P70
. _ ) . 14
LAI%) = = 90" gtasl( ) = =1 26.¢ ki
o ( LJ{ o . 2 L/ = . v /f
D G (il - 4150 D 1y, = 0208 L=

//ﬂ} [=( A7 w;ubfo:;g.g@ma
Ay B

I

> AR =2872

Wgs Wip \ T }
—=1 [ T —
(A/[)'/) ( + ;\.> U);PLX g — 01 018 7
(2] (b) For the 8 found above and a step voltage applied to the input of the closed-loop amplifier,

estimate the time it takes to settle to 90% of the final value.
Wza(’é Sty Ly = W3l A B =) (17 )(0:287)
Q&6§~MWMMW4ﬂdzZK%%L
10 SETIZE v G0 0F Fedt VATuE
[1- é%,) =09 =) EEC oy R

_ p .
/ﬁil‘}ﬁ'i - 90’//L‘~Q_/
i —
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Constants:

NMOS:

PMOS:

BIT:

Cascode:

Equation Sheet

k=138x10"8JK}; ¢ = 1.602x107°C; Vpr = kT/q ~ 26mV at 300K; ¢o = 8.85 x 1072 Fm ™!
koz = 3. 9; Coz = ( OTEO)/tD’lH w = ﬂf

kn = Hn OI(W/L) Vin > 0; vps > 0; Voo =vgs — Vin

(tUOde) vps < Vom vp < VG — V't'ru 'LD = k"n(V:ru'UDS - ('UDS/z))

(active) vps > Vou; ip = 0.5k V2 (1 4+ Mps); gm = knVou = 2Ip/Vey = V2kolp; 75 = 1/gm; 7o =
L/(|N|Ip) ,

kp = ,U'pco:L'(VV/L); ‘/t,p < 0, UsSp > O; Vz)v = VUsG — ]thl

(triode) vsp < Vou; vp > vg + [Vipl; ip = kp(Vowvsp — (v3p/2))

(active) vsp > Viu; ip = 0.5k,VZ (1 + |Avsp); 9m = kpVow = 2Ip/Vey = /2kpIp; 75 = 1/gm;
o = L/(|X|Ip)

(active) ic = IseBE/VT)(1 + (vcp/Va)); gm = a/re = Ic/Vp; e = Vo /Ig; r,r = B/gm; 7o = |Val/lc;
ic = Pip; ig = (B+ 1)ip; a = B/(B+1); ic = wig; Ry = (B+1)(re + Rg); Re = (R +7x) /(B + 1)

V; -‘ R:z; o (1 + ngS)To _ui_%- . z =~ 1/gm + RD/(gm"'o) R 'Uo/vi ~ gm(ro || Rp)
RS ] —(1/gm + Rs)_l Voe = Vi (Approx due to gmro > 1)

Diff Pair: Ad = QmRD) ACM = —(RD/(?RSS»(ARD/RD); ACM (RD/(2R5,5))(Agm/gm) ()5, = AV,, V05 =
(Vov/2)(ARp/Rp); Vos = (Vov /2)(A(W/L)/(W/L))
1st order: step response y(t) = Yoo — (Yoo — You)e™*7; unity gain freq for T(s) = An for Apy > 1=
+ (s/wsaB)
wi = |Am|wsip
Freq: for real axis poles/zeros T'(s) = kqc A+ s/z)(1+5/22)... (1 + 5/2m)
(14 s/wi1)(1 + s/wz) ... (1 + s/wn)
OTC estimate wy ~ 1/(3_7;); dominant pole estimate wy ~ 1/(Tmaz)
Miller: 2, =Z/(1-K); Z, = Z/(1 - 1/K)
Mos caps: Cys = (2/3)WLCor + WLCop; Cya = WLyCos; Cap = Capo/ /1 + Vap/Vo;
wt = gm/(Cys + Cya); for Cygs > Coq => fr ~ (3uVoy)/(ATL2)
Feedback: Ay = A/(1+ AB); zi = (1/(1 + AB))zs; dAs/Af = (1/(1 + AB))dA/A; wry = wh(1 + AB); wry =
wr/(1+ AB);
Loop Gain L = —s,/s; Ay = Ac(L/(1+ L))+ d/(1 + L); Zport = Zpe((1+ Lg)/(1 + Lo)): PM =
ZL(jwi) + 180; GM = —|L(jwigo)|as;
Pole splitting wpl ~ 1/{gmRaCrRy); wpy =~ (gmC)/(C1C2 + C;(C1 + Ca))
Pole Pair: s + w,,/Q)s +w?; Q <0.5= real poles; Q > 1/v2 = freq resp peaking

Power Amps:

2-stage opamp:

Class A : = (]/4)(Vo/IRL)(V0/Vcc) Class B: n = (7r/4)(VO/VCC), PN maz = Vgc/(WQRL);
Class AB : nzp = I

Wp1 ™ (RleQRQC )_- y Wp2 = GmE/C?; W = (Cc(l/GmQ - R))_17

SR =1/C. =wVsy1; will not SR limit if w;Vp < SR

MOS TRANSISTOR: CMOS basic parameters. Channel length = 0.18um

Vi 1tCox A Cou toz Loy Capo /W
(V] [mA/V? [pmV~Y [fF/pm?] [om] [pm] [fFpm™Y
NMOS 04 240 0.05 8.5 4 0.04 0.3

PMOS -04 60 -0.05 8.5 4 0.04 0.3



