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Microelectronic Devices and Circuits- EECS105
Second Midterm Exam

Wednesday, April 16, 2003

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

Your Name:

(last) (first)

Your Signature:

1. Print and sign your name on this page before you start.
2. You are allowed two, 8.5 "x11"" handwritten sheet. No books or notes!

3. A correct expression is worth 70% of the credit. The calculation gets you the rest.
4. You have until 4/25/03 to bring any grading issues to Prof. Spanos’ attention.

Problem 1 /48
Problem 2 /16
Problem 3 /16
Problem 4 /20
TOTAL /100

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

1nCox = S0UA/V?, 1,Cox = 25UA/V?, V= -V, = 1V, Lmin = 2um. Vgs = 0.
An=Ap= 0.1V™" when L = 1um, and it is otherwise proportional to 1/L
Cox=2.3fF/um’, Cjy = 0.1fF/um?, Cj, = 0.3fF/um®, Cjqyn= 0.5fF/um,

Ciswp= 0.35fF/um, Coyn= 0.5fF/um, Coyp= 0.5fF/um

BJT Device Data' (you may not have to use all of these...)
Bf =Bo=100, ISZIO-I7A, VCE SATZO.IV, VA:25V, ‘CFZSOPS, CjeZISfF@VBEZO.7V,
Cp=10fF@Vpc=-2.0V

' Except as indicated on the particular problem...
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Problem 1 of 4: Answer each question briefly and clearly. (6 pts each, 48 total)

1.1 What are the #ypical values of Rj,, Ry for a decent CC voltage buffer?

Rin 5-10Q 100-1000 © 10-20 kQ 100-300kQ2  1-10 MQ
Rout 5-10Q2 100-1000 © 10-20 kQ 100-300kQ2  1-10 MQ

1.2 Why is it important to make the base of a BJT as short as possible? (choose one)

So that the transistor occupies less space

So that there are no ohmic losses in the base

So that almost all injected minority carriers make it across
So that holes and electrons stay uniformly distributed

[ I R

1.3 What happens when the base of a BJT is very short? (choose one)

The transonductance drops in value
The beta drops in value
The 1, drops in value

[ I R

The Early voltage gets delayed

Provide a brief explanation of the mechanism responsible for the above:

1.4 What happens when the channel of a MOSFET is very long? (choose one)

The transconductance increases
Velocity saturation kicks in
The transistor gets too hot

The r, increases in value

0 00 O

Provide a brief explanation of the mechanism responsible for the above:
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1.5 Why it is important to have a current supply with a huge (i.e. tens of MOhms)

internal resistance when you design a current buffer utilizing a Common Base BJT?
(Typical r, for a BJT is 100kOhms)
II- 3

ouT

I

i

V-
1.6 Why it is NOT so important to have a current supply with an internal resistance

greater than ~IMOhm when you are designing a Common Emitter amplifier?
(Typical 1, for a BJT is 100kOhms)
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1.7 Draw the small signal model of the forward biased diode. Name all distinct
capacitive components.

1.8 Provide a brief definition of the transition frequency o, of the BJT transistor.
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Problem 2 of 4: Answer each question briefly and clearly. (16 points)

From the graph below, please estimate Br and Bgr, as well as 1, Also, estimate g, 1, and
VESAT min When Iy = 2uA at room temperature (Vg = 0.025mV. Do NOT use the default
BJT values on the front page of this exam for this question. Hint: in reverse active mode
the role of the collector and emitter are reversed. Mark the graph to clarify your method

as needed.)
o .
(LA} {,=25 1A
300
fo=2 1A
250 B
230
200 H . Ig=1.3pA
(saturat &
_fﬂl‘k'] uration) ____’_’_/
i"__________..——--'—"'"_
150 ) ,
(forward active) fp=1UA
106
Ig= S00 nA
50
G Iy = 0 (cutoff)
- P Y 3 45 6 VgV
fp=1UA -4
{reverse
active) -8
fg 2/’-“}/"'
expression value & units
Pr =
Pr =
ro =

Assuming [ = 21A:

m =

rr=

Ve satmin =
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Problem 3 of 4: Answer each question briefly and clearly. (16 points)

#2.5 V Device Dala
| ||r|:I - In' L ﬁ
| .
| Br=1,=100
'I-ru'__-}w
| kQ2
| — .,'.1.-' - ‘|/
| ______
1.
© .
sAN L F [
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You are given the above Common Collector amplifier, with an ideal current supply
source, and with values as shown above. Please do the following:

3.1 Calculate the output voltage swing, assuming that the Isyp needs a minimum of
0.5Volts across it in order to operate properly, and Vg sarminis 0.1V.

Expression Value

VOUTmax =

VOUTmin —
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3.2 Draw the equivalent small signal circuit of the common collector amplifier shown
on the preceding page.
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Problem 4 of 4: Answer each question briefly and clearly. (20 points)

You are given a common emitter amplifier with Rg (degeneration emitter resistor), and an
extra capacitor Cg connected across that resistor.

Ve

o= Tavr ¥ Tou
! -——

e B— ——
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E—__L. Your=Yourt Y =R,
- *: Hr-‘ p— -
-y, I | Ce @

F f

Recall that without the capacitance Cg, the formulae for this amplifier are:

Gm Rin Rout
y."."'. f"ll:?.+ glJIHr'] r: [1 +Q|HH.|_'] ” |I-I'.il'-'
{1+g.,R:

4.1 Write expressions for Ry, Royand Gy, as a function of ® when Cg is present (neglect
all the transistor small signal capacitances).

expression

Rout
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4.2 Given the following values: Rg = 10kOhms, g, =0.9mS, and Cg = 100nF, write the
expression Gp(w), restate it to show its pole(s) and zero(es) and plot it on a Bode
Plot, whose vertical axis is in units of 20log;o(|Gm|/mS). (These units are actually db-

mS with reference of 1mS, i.e. a value of 1mS will show as 0db, 10mS will show as
20db, etc.)

Expression Value

Gn(0) =

Gy, when o very low =

Gm when o very high =




