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Microelectronic Devices and Circuits- EECS105
Final Exam

Tuesday, December 17, 2002

Costas J. Spanos
University of California at Berkeley
College of Engineering
Department of Electrical Engineering and Computer Sciences

Your Name: DFFI[(/H, WO IYALAL #
(last) (first)

Your Signature:

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.

4. Always show the expression before you do the final calculation. A correct expression is
worth 70% of the credit. A correct calculation gels tou you the remaining 30%.

Problem 1 /40
Problem 2 /25
Problem 3 /35
TOTAL /100

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

nCox = SORA/VZ, 1yCox = 25pA/V, V= -Vp,= 1V, Lmin = 2um. Vps =0.
A= hp= 0.1V~ when L = 1um, and it is otherwise proportional to 1/L
Cox=2.31F/pm?, Cjo = 0.1{F/um?, Cjp = 0.3fF/um’, Cjown = 0.5fF/um,

Cjowp = 0.358F/pm, Coyn = 0.5fF/pm, Coyp= 0.5F/um

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

Br=100, Is=10""A, Vegsar=0.1V, V4=25V, 1z=50ps, Cjc=15fF@Vpe=0.7V,
Cpu=10fF@Vpc=-2.0V

! Except as indicated on the particular problem. ..
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Problem 1 of 3: Answer each question briefly and clearly. (40 points)

1.1 Why circuit nodes with very high impedance matter in terms of frequency response?

(4pts)

becouse they countbure o lorse BC r@rer

1.2 When we say that an amplifier stage is “broadband”, what do we mean? (4pts)

le 15 by Cimivod Dy the 1 ol vhe doviie

(no Mibler ¢f(ect)

1.3 Place check marks where appropriate (4pts)

Amp Type | Check if Broadband Check if high R;, Check if high Rout
CS v '

CD i v

CcG v v

CE v

CC v v

CB v v
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1.4 Choose the most appropriate answer (3pts)
The Open-Circuit Time Constant method can only work properly if:

... there is one dominant pole and no zeros arauﬁii'/ l€70§ a7p O~ of ke {

.. there is an Open Circuit connection katpﬂm aY f]a?g(ﬂnt;ﬁ mﬁ 1'{1741' 7
.. there is no Miller Capacitance £ 4ﬂyl . )
.. the Time is Constant. 9.

| R s E(D?’

1.5 In this class we talked about the Miller Approximation. Why is it “approximate™?
(4pts)

b&dm&? nwe fyafém/ the (a?Pnr d74en i@y vle
Miler 1ap oy The Oatoul wade.

1.6 Match the SPICE control cards (for the types of analysis) to the plots. (3pts)

) D Figure 1
(b)-AC Figure 2
(c) .TRAN Figure 3

A 104 L e 1] Un ] odm ®n U= o w 20/ o AW 50/
@ ey @ e v \vi
Figure 1 Figure 2 Figure 3
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1.7 For the n-channel MOS transistor shown below, please mark the two ends of the
channel (near the source and near the drain) and indicate whether or not each must be
inverted so that this device is in saturation. (4pts)

7
G

interconnect to gate
Y

17}'% ! kgt Not i,,,/eﬂfd

etal interconnect to bulk V A)

fnvemal

1.8 What is the “law of the junction” and when does it apply? (4pts)

Vos

Law of the junction formula: /‘) / /t 4
fo ()= Pao €

V)V['KP)" Voo gV!)/VY‘)

The basic assumption behind it is. ..

f&v ’/&.pl I'W/({ ! 7/;)"‘

1.9 What are the two (small signal) capacitive components of a forward biased junction?
(4pts)

Symbo! of first capacitance: dp p/ fa{i ,1) g & po I4 Jro e 4
Verbal Definition: )

Symbol of second capacitance: (¢ l"’ {.
Verbal Definition: d v ¢ i
lHu siov (QPOCiZanip
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1.10 For each of these circuits, calculate the “no-signal” DC-bias point at the nodes A
and B, assuming that every MOS device is biased so that Vgs=1.5V and every BIT is
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Problem 2 of 3: Answer each question briefly and clearly. (25 points)

biased so that Vgg=0.7V. After you have done that, circle the circuit that is the “best™ in
terms of voltage swing at the input A? and low frequency response, and explain where the

other two fall short. (6pts)

Best | Explain Performance Limitation
5%v 50V Va=4 Vit mew = 3.5V
A —| | ° Ves= 37 Vit ) mn = GV
23V 25V
Tsum Isyp2 ) ) \'/A: LT 7(1#'){ éfvf'f"f'"?r"a’)
| L Guplimy ( A o pohle
. Va= 44 Voui vac = 2 £V
Vo= 31z Vowr vy = oSV
A —|E ‘
fsupi v4 < tl'? (}{ of (?/77'{7/,»41
Va= {.
AT L7 Vet cmew = 38V
Vi =
P32 / Vadx"“;ﬂ = "‘y‘/
. !
VAo L? (700d/
{ alwost (/47¢7JI/),

2 Note that the input voltage shouid not be allowed to go over 5V during the operation of these amps.
Assume that all the current sources in this question have a minimum voltage drop of 0.5V.

2.1 Design a Common Base “current buffer” amplifier stage so that it meets the following
constraints: Total Roy > 20MQ if Ry = 50k, and an absolute current gain /,./is greater
than 0.99, when the stage output is shorted. (Use the simplified formulae that assume that
Ealo>> 1, Ty, To >> 1/gm, Tosto>>Re and that the intrinsic current gain, A; =-1.) (13pts)

2.5V . Rs
‘; LOM%"S et RS -‘ 5,
!
) sup - L 3M _ L
o Vin

1 BIAS

| /‘\j‘? ()

)
~
in
<

/2 out A 90’! o (yk Il R;)
— Ic VA,,
\/Ll-\ ' Jc¢ (ﬁL N{\)S)
= ,;;—i (,/n 0wy ) 20 ms
o ] s
=D ‘fR ({Rs 2 2y K = noZ 3 :),7_;»25 25 k.
N . S
Designresults /7 =52 = g expression _ value / [T s wual
Isyp = jézz," . Vg;, 9.5 A (75 “h >
P .
Ipius= -/{{ Ve 495 A (71 MA)
o = A5/ 0t 4 0.79 (o774 )
j/' B Vet - ST
Ru= o 1o (e 005 ) (B2 1es ) 25m | (207
N V4 :
R U _sesa_ | (30)
Aleernatire
25 _ - C’ff-jq
VE: SV 5K Rowt = 5;. éQ-SK //EDK) = 25 M@
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2.2 Write the 2-port model® of this amplifier, add the C, and C, parasitic capacitances at
the proper locations and calculate Cy (assume that Vgc=-2V). Then, assuming that R =0
(shorted) find the pole of this amplifier and draw the magnitude and phase Bode plot of
the current gain i./i; (12 pts)

2-port circuit with capacitors .
Lout

[ i

"‘ '( Fout T C"(

Rin = j,h Bour AN | ffu //f:)

expression value

a7

9m et Ge, = g, - Sept. BT LutAF

Transfer function i,/ as a function of ©.
1 ‘our _ /WCIL J I
t Bd i, i wRac ININE=Y
it T Wl T WRi G Im

We = 9
fﬁcﬁ#’lots m/(f[ _ /7\3 MH?

19

wo o
¥ T T e » .
48 to low 1o {o¢ b (ps 10 08 7o9 W {H,
0 — + ——t e >
w(HZ
29
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Problem 3 of 3: Answer each question briefly and clearly. (35 points)
3. Please do a complete analysis of this transconductance amplifier as follows. Make sure
that you use the transistor parameters shown below.

=07V
u,,C,,‘ =25 pArv?
A, =005 V-t
V=07V

1,C, = 50 HA/V?

X

Ay =0.07 V!

M,-Mu,-zzon 5

My=Myp= 40115
M,y =My =40/1.5

3.1 Calculate (W/L); of M, such that the small-signal transconductance iou/vs = ImS.
Assume Ry = 0Q for this part. (7pts)

Y,z | 2fmtor L To = dms 22

w_ P’
L T, 1
thnloy Ip
expression _value
(WL), = /"lmS oo s Ise
9’”' " s

Zl"'/' COXIp
A

* Please make sure that you draw the 2-port, and pot the small signal model...

[
)w’.A
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3.2 Calculate the value of Vaas using the (W/L), calculated in part a so that Ioyr = 0A.
(7pts)

lour Loyt be 04, slace rbe valpul v&/f&p(
(w yo a3 /ow @s 1070 [M, no A fely

vut of Satuzarion ! )

sUll ,ne should bies M. se ther 1t dres 10014
N 1fady - STare.

I,,t lw palyx (er.fs- l/f'n)lf M"f/l value

z —!: expression
VAN o 0oV
{! buloy

3.3 Calculate the output resistance of this amplifier. (7pts)

bo = Pep // Poloves
Fuz‘- ytloy 19mn13 7037y - 53m

Fa/vwn TPt ta v I 25,7, < 10.4M

expression value

Rout =

(?0) t?o&/ t qi") 2057, l/) // [7‘,1 179, ""1701211) 6234
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3.4 Find the maximum and the minimum value of the output voltage, énd state which
transistor limits it in each case, when unloaded (Ry=infinity) (7pts)

V"’H?VM;: Vr + V LIS

Jd w
2 l"PlUV;

expression value

Vou AR = \/"3 ’“VM
221V

limited by: Mz, W‘w';l Y7 osoat 152v

Vout TIiD = VGZ -V ™
181 V

| iimitedby: M2, #lp05 Gayze 45 2x 2.5V

3.5 What is the maximum value of the load resistor Ry at which the overali
transconductance is degraded by 20% from the original value of imS? (7pts)

Gm= Ym, Fovi_ . owm, - 0.5

pwt ‘Hzl-
Foc 1 foutz
— T =7 - Fout * R, M
Four+Pe 0 v

expression value

Rimax= !
) F”“’(b'-'t “> | Sem2




