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Microelectronic Devices and Circuits- EECS105

Second Midterm Exam

Wednesday, November 13, 2002
Costas J. Spanos
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Department of Electrical Engineering and Computer Sciences
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1. Print and sign your name on this page before you start.
2 You are allowed two 8.3 "x11” handwritten sheets with formulas. No books or notes!
3. Do everything on this exam, and make your methods as clear as possible.
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Problem 2 /35
Problem 3 /30
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Problem 1 of 3 Answer each question briefly and clearly. Sketch a simple drawing
if it helps you make your point. (35 points)
What is channel-length modulation, and how does it impact the behavior of a MOSFET? (Spts)
. P , .
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Circle the most likely value for each of the following small signal parameters of a typical, silicon-
based BIT(5pts)

Ty 10Q 10kQ 100 10 MQ

rn 250 250 Q2 @ 2,5 MQ
2m 1us @ 018 108

You are given a 2-port, which has R;;=1k<Q, Ryu=100k€2, and an open circuit voltage gain A, = -10.
Please draw the equivalent transresistance 2-port and calculate its Ryp, Roup and Ryy,. (Spts)
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What happens to the absolute, no-load (R, infinity) voltage gain of a CS amplifier as you
decrease the L of the transistor? Assume that he supply current stays the same.Provide a one sen-
tence explanation or a formula to justify your answer (assuming that the bias current stays con-
stant). (5 pts)

circle one: the absolute gain... increases decreases stays the same

and this is why: : ]

%MW so, 15 LY thea 9m P by VE)
] _l:_. : f‘)”{y’ D(|9ﬁ7ol

% - Wy so, 15 LV {40, 2 { by L So.90's \, by ﬁ:

What happens 1o the bandwidth of a CS amplifier as you decrease the L of the transistor? Provide
a one sentence explanation or a formula to justify your answer (assuming that the bias current
stays constant). (5 pts)

circle one: the bandwidth. .. increases | decreases stays the same

andfhisiswhy:
!

C A —_—
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Te = -_V;/a\z , 10 @3 Ly Ted 411

Sketch the large and small signal circuits of a CG amplifier utilizing a pmos transistor and an
ideal current supply Isup. Include an ideal current source i as the input, and a load Ry.. (5 pts)

Large Signal ----Small-Signal

I Blds . ( @ Us

K in

' G” Ps put
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7/
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In the EE105 lab on amplifiers, a 10 pF capacitor is connected to the small-signal i

n N [ : ; - input volta,
Vin. (See the following figure for a generic amplifier circuit.) What is the purp(g)se of tIl)mis capacg:
tor? Why do we choose the capacitance to be so large? (5 pts)

10 uF

Vout

We wse & lfﬂ)é C [W(F) o wale tvre rhot
een lor fregaracy siuals 8o flouyl,

We oo sz use @ thow becase ae nayr zo
boch 81y VU volroye 170 70/17, Yo,
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Problem 2 of 3 (35 points)

For each of the following questions, make sure that you show the expressions before you plug in the
specific values. 4 correct expression is worth 70% of the credit, even if the numerical calculation is

incorrect!
Consider the following CE amplifier.

Bo =100

Vip = 26mV

Assume that V4 and r,,; are infinite
Assume that Vgg o = 0.7V

Rgp = 14MQ
R, = 10kQ
R =25kQ
Isup = 200LA

2) Calculate the value of R, so that Voyr = 2.5V. (15 points)
Vour : 28N = T = 100,.A
Yeop=Ter To = To-100,h
To-@Tg v Ty- \WA

Nge - \lv_iﬁ O.IN = Toes 0.5,4
Twei- T, v Te = L5,A

Jeer= HY - Yer - w3

Re = 43Y g9t ML
\.5,,[3.

Final expression of Rg: Calculated Ry, value:
Bl Bl
5\] - \!g«g_
e
?m- e Ten- Nowr 78610
Q—;—z + 2\,
e
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b) Draw the small signal equivalent of this circuit, assuming that C is huge and therefore it can be
replaced with a short circuit for small signal purposes. Ignore all other parasitic capacitors. Write
the expression and calculate the small signal voltage gain vy / Vs. (15 points)
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trr Ry Rae BV Re

Final Expression of Voltage Gain voy / Vg Calculated value of v,y/vg

o \
Ve G 2 e hae )%

<) There is something obviously inefficient with the way this amplifier is biased. Can you point to
the problem and explain how you would fix it? (Here I expect a verbal explanation - not any quan-

titative analysis). (5 points)
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Problem 3 of 3 (30 points)

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 calcula-
tion is incorrect!

Ve = ‘ﬁsf R <'>

Vo= 1V

1, Cox=S0pA/V?

A=0.1V'pm/L  (whereL in um)

“Igz45 =Isup = 100LA

I, is infinite (ie. igyp is an ideal current source)

Kel & L'n/uf :

. v o, G Y
et B Dy
@

Rg = 1kQ2
Ry = 100kQ
Usiag (1) ond  noting U= Yest
gy O 4
. Ut = Lpost R
I : ‘est :y’q-’*——l{teif B 4
= 7o
1%
a) We need to design this amplifier so that Riy max = 100Q, and Ryye» min = 10MSQ. Calculate the “rest j AT g
minimum W and the minimum L of this transistor. (Note that these specs are very aggressive, so
this will not turn out to be a “typical” MOS transistor with “typical” values.) (20 pts)
/ W
. [ 2 [fémCax T I
;’:‘ﬁ—f/ Ve lpest R Nowr Yo = Mw[ I T e
_ A I,
g Y F M ket A . -
& 100 = ond sa‘fﬁy’ Ron™ too v
¢ = Ypest — Y% _ M W/ Io T / = jo MJIL
Yo re
Yest + J,-‘ v = L.!
o . Ut — e B
C lpest H Im btest Ry = = Gt *
ro
Y,
‘}G‘LL;R‘,“{'= """R’-rdhks/a

' test x v ( "'J"‘“S)

Write Expression for the minimum W/L here Value of min W/L
W
— = IR since Ry *® )
L AR pox o é 10, 000
¥ Ko = 100
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Write Expression for minimum L here - Roul Value of min L
oul
/
. (10 M) A Ty

b)VCa.lcu]ate the overall (loaded) current gain, (note that Vi,;=0V) igy / is.(10pts)

3 ‘w "1 Lot
‘ R = 100 Rt
. 3
)
w 2 R R
bout = ¢ _Roul
Rout +RL.
g et g, et R el
' ‘ b s P Ao+ Rin Rout + ko
Write Expression for i,/is here / Value of igy/is

v

n
Q
No




