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1. Print and sign your name on this page before you start.
2. You are allowed three, 8.5 "x11 " handwritten sheets. No books or notes!
3. Do everything on this exam, and make your methods as clear as possible.

Problem 1 /24
Problem 2 /26
Problem 3 /26
Problem 4 /24
TOTAL /100

MOS Device Data (you may not have to use all of these...)

#nCox = SOMA/VZ, 1 Coy = 25pA/VZ, Vi = -V, = 1V, Lmin = 2um. Vs =0.
Ay =3p=0. 1V-! when L = 1um, and it is otherwise proportional to 1/L

Cox = 2.3fF/um?, Cj = 0.1fF/um?, Cjp= 0.3fF/um?, Cjgyn = 0.5fF/um,

Ciewp = 035TF/um, Coyn = 0.5fF/um, Coyp = 0.5fF/pm
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Problem 1 of 4: Answer each question briefly and clearly. (4 points each, total 24)

Why are bipolar transistors capable of providing more drive current compared to MOS transistors
that occupy similar area? (give a qualitative answer)

Bipolars are Tar{mqf:// besed on ol Lluscon curreats

u)‘m‘c,k/\ afe €XpPoneq ‘/*t‘a/// f\e/cr(¢o( +o ﬂ/g/:/:‘e‘c/ le‘rl‘?éeg/‘

wl«u‘(é Mos 0(6/\/(‘(85 are Pf't"""!f:// basea/ on 0/)"-;@“‘

curren'Ls, k)LI(\CL\ fneveese /z"l-éaf’y with 4/>P/r'¢o/ l/c"/?je

Comparing a Common Collector to a Common Drain voltage buffer amplifier, one sees some advan-
tages and disadvantages. Place a mark below to indicate your choice, trying to get the largest DC
voltage gain.

Aspect CC CD
Rin )(
Rout X
Av 7(

In the IC industry “layout designers” can manipulate lateral device dimensions (L, W, area of base-
emitter junction, etc.) while “process designers” manipulate vertical dimensions (Tox, base-width)
and doping levels. List a parameter that each designer can change to affect the respective parameter,
or write “none” if the designer cannot affect the value of the respective parameter:

Parameter Layout Designer Process Designer

Vi none éﬁ""j , (bx,, “ox

r, (NMOS) L or ID ! n

&m (NMOS) 7\’_% or Tp /Mﬂ,CDX,ch'DFM or Zox
T, (npn) T Ae l'/,a '

gm (npn) Te A B none

Ces W*Jn L C'OV/ Cox or €ox
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What advantage(s) does a cascode configuration has over a cascade configuration?

A Cascodde uSes /éSS pPow/ er slice y ou Aon'+
need « seperafe  /eg" for each amp .

A c‘aSCoJe Uuses /css avea s((n Ce Sepe far#q
c urrent source Aransictors ave not

Vleeo/ea( AN e ach awmp.

Which conditions must be satisfied so that the open circuit time constant method leads to an exact
solution?

The poles are wedely spaced.

AV‘}’ Zeros are 44 ,M,Acﬁx h\"j}ler
Lreguencies ~+han e Lirs+ Pole .

In your own words, how does the dreaded “Miller effect” limit frequency response of a high volt-
age gain amplifier?

The Miler efdect makes q cap betweeu the
(V‘Pu’f" and ou—‘Pu"‘“ ﬂo&(es appear M“C/\ é’:ﬁﬁe”"
Ao A ‘upert nscde becagse ot Ahe awW/f«p{cwér'OV!
ok uo/%?ja across 4he cap. A larger cap

Means a /arjet/' RC am&( )’lence a /DLA)GI’—

-3 JB Lre guenc s
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Problem 2 of 4 (26 points)

Consider the following cascode amplifier, driven by a perfect current source (r,c=)
5V

For each of the following questions, make sure
that you show the expressions before you plug
in the specific values. A correct expression is
worth 70% of the credit, even if the numerical
calculation is incorrect!

a) Find (W/L); ratio so that the overall Gm of this amp is ImS. (Do not specify values for W and
for L here. That comes later). (5 points)

Gmi ﬂ"‘ = \m$

= l 2 %/{AL”K I.D.SA-T

Im$ = ';.l'i’ SOx107°+ 180xi™©
tmS = /@0«/0“’\[7{
o= ¢
W .
T 10O
Expression for (W/L); Value
Y
Gu
(W=
Lt Lox Tpsar oC
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b) Assume that g, »=gn;, and 15, = 1. Find the value of L; so that r,; = 200k, and calculate the
respective value of the overall Rout of this amplifier. (5 points)

_\ I
(o > 2%, A® T
fv = ['99“‘4
[
A0ks2 = NEEA

L=
Expression for L, Value
L= O ()T 2
ROM* = gmz rvz PO! )\ DQ
= 1aS (awks)(zook 2D
: YoM
Expression for Rout Value

Rout =
9/“1 (o5 (o qoMa
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¢) Find the open circuit voltage gain of this two stage amplifier (r,;=c). (5 points)

ém Rock = wmS - ypMs2 = Yo oo O

Expression for Voltage Gain Value in db

% G Rows Uoooo | 12

d) Calculate Vgag (ignoring channel-length modulation). Assume that (W/L); = (W/L); = 16
(note that this is not the correct answer to question 2.a) (5 points)

T = W 1 A
-L/D = = /M(/w[ (l/ggia.s_i/n\
o0t : (b -
N A& coo c (Vsius—l/r)

&3
25 = (Vgias- )

S 7 Vgiew- Va,
Vligfa.s = ].5
Expression for Vgiag Value
v = 2Te
Blas y)u (e + Vg | sV
t "
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¢) Assuming that (W/L), = 16, find the value for V, that will give you the maximum voltage
swing for this amp. Explain your thinking in one sentence (ignore channel length modulation).
(6 points) '
le must e grea;\-er Haon LS -
Vps, 2 .5V
67_—|/D$‘ = ngl = .SV

Ve
%Lmtn = gJ/

7 2V

‘What limits Vout min?

M, a/ld My  must  be in cturatlion

\/Jbé ke ‘{9}’_ Ve

Expression for Vg, ’ Value

- OR - %2 = Vps, * Uosz“"/r

Va2 =
\/ﬁl + ‘/DS. Vg2 = Vewtmin +Vr g V
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Problem 3/4 (26 points)

Consider the following pnp CE amplifier. Note that Bo = 50, Ig= 10"'7A and V,, = infinity. (Be
very careful with signs in this problem!).

For each of the following questions,
make sure that you show the expressions
before you plug in the specific values. A
correct expression is worth 70% of the
credit, even if the numerical calculation
is incorrect!

a) Calculate Vgjag S0 that Vout = 2.5V. Ignore I and Rs for this question. (Do NOT assume that
Vg is exactly -0.7V). (5 points)

Veyr -0 _ . 28V | zs0uh

T~ f T Tokn
250ud 4\ Ln 250-10"
-V Ze o - 2gmy Ln iy =T
7. ~Tse ISE/WA N \/BE = =Vien Ln < m )04
Vae = - 00w

Vewne: SV+Vee =92V

Expression for Vg (3\ Value (2

Veias= SV — Vg ﬂwg.;‘ g2V
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b) Find Rout and the voltage gain, if Ry = infinity. (8 points)

o= T >0
Expression for Rout < 23 Value({)
Rout = Rc//(‘o =Re ok
() ()

oz L 2a2soMh g S
Im.= Vign 26mY = G600 N

ya So
raf = = =22 < S22k
” A 9.4

Expression for Voltage Gain <3) Value(’ |

vout/wr= ';E?—"‘ (-9m><Rc} | -33
) .(mw B0 V)

0.39 - 76

¢) Calculate the value of Ry, that will cut the gain by a factor of two. (Assume that Ry, is connected
through a small coupling capacitor, so that it does not disrupt the biasing of the transistor.)
(5 points)

_\fﬁm= L (‘9w~>(ﬁc//ﬁc)

v rar RS ‘
— 7
Re/lRe =5k
Expression for Ry that cuts the gain by a factor of 2. ( 3} Value (é)
R = Re 10 kL
G @)
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d) If you could increase o, how much would you have to increase it in order to increase the gain
by 10%. (Hint: assume that the new, improved o’ = XBo, and write an expression that you can
use to calculate the value of the factor X). (8 points)

e (iﬁu> (-am) ( Re/IRe)

vs = Bd’/gm* Rs
XBo/qm =1 J%_/ﬁl_'ﬁ.« Rs(gw) . ’”kn(i’é’ofs): 1.9
XBlamRs Rs P

e = ()

b s

Expression for X (multiplier for increasing Bo.) Value
]
(o) R (&) 11 B
T : 0' / Eo / - / 5
/-/-i(uasr—g:)) Bs- G
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Problem 4/4 (24 points)
The following is a cascade of three 2-ports: a transconductance amplifier, a current buffer and a
voltage buffer. The aim of this circuit is to produce lots of voltage gain over a wide bandwidth.

Piny= 4xe  Poaz 100K Biy; e
Gmzlms  Fins ik Bglome
C;: L'L:C;: 1pF CLl‘-\pF

Cy,: Cp, = C(A;v o.1pF

o= 1Ko B lome

9
a) Find the low frequency voltage gain vout/vier (this means that you can ignore all the capaci-
tors). Do this in stages as shown in the table below: (6 points)

M L

Expression Value

Volvs = = ‘i:%“’z‘s-é‘”l{gﬂqt //e;ng oy

v3lvy= - E:J" - %"’: ~ 10000
Vout/V3 = T:%Ls—:a 0,5”
voul= 2. G BE = e on (Lol Y e 4500
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b) Replace all “cross-over” caps Cy,, Cy3, Cy.3, with their Miller equivalent Cy1, Cyz, Cus-
(6 points)

%"'-: —crm(zwﬂ//z;"} - 00018 (Iookﬂj/l(."a; -0.49 = -1
w Ca1-8)c 01, F (1= Q)= 0.26F

Lz * oz (1- \%»= CD.IPF(I/ ('/OOOO)) = hE

Cos = Can (1- _V;:'f)- o.f(1-1) = O

™

A\l

A 42
Expression Value
CMl:Cu((L” y,%\ ’ O.ZPF
Cve= Lo (1- 1) InF
Cws= Laa (1- 50 O

c) Calculate the Open Circuit Time Constant for the nodes 1, 2, 3 and 4. (6 points)

1 Xl ¥
Expression RC Value
Ry = Q,// Lin RC=& a6} 0, (s
Rpy= Q out) // Q;,\z RC2=K‘;1.(C.411‘C¢ [,Mﬁ
Rp3= p\w-‘—?, RC3= Z’rs(z lo us
R Eoups // L RC=R(y | 0.9s
Total .06 g
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d) Calculate the @34, of this amp (6 points)

I B 9.079x10" “‘-‘/{
EXE 10.015.4.5
Expression for o34 Value
! 9.1 d .
O3gp = T ato f.é/s
T

~ That's All Folks! ~




