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General Rules:

e You may make use of two sheets of notes, 8.5-by—11 inches, using both
sides of the page.

e You may use a calculator. Sharing of calculators is not allowed.

e Present your work as clearly as possible. I give partial credit if I can
figure out that you know what you are doing. I do not give credit for
putting down everything you know and hoping [ will find something
correct in it.

e Each question has a vertical black bar providing space for your work
and a line for numerical answers. Please write your answer to each
question clearly. If it happens to be correct, I give you points quickly
and move on to the next problem. Please show your work in the space
provided, or on extra pages, clearly labeled with the problem number.
If the answer is wrong, this will make it easy for me to find ways to
give you partial credit.

e Avoid any appearance of academjc dishonesty. Do not talk to other stu-
dents during the exam. Keep phones, computers, and other electronic
devices other than calculators secured and out of reach.



1 SHORT-ANSWER QUESTIONS (33%)

1 Short—Answer Questions (33%)

The majorityqﬁ?iers in a PNP bipolar junction transistor are ...

|| electrons holes

D electrons || holes

What does the emitter of @ bipolar junction transistor emit?
kmajority carriers

What is the usual goal in designing a common-collector amplifier?

My =1 uAv:—l uAi:1 uAi:—l
L] High Power Gain

In the DC circuit analysis of a BJT amplifier, we . ..
short the capacitors and the AC voltage sources
open the capacitors and the AC current sources

L] open the capacitors and the AC voltage sources
A

common_emitter amplifier normally has a very high input impedance:

L | True False

In active mode, the base-emitter junction is forward biased and the base—
collector junction is reverse biased:
True | False

In saturation mode, the base-collector junction is forward biased:
XTrue || False

It is possible to design a common—emitter amplifier with the DC input and
output Voltagﬁs both equal to zero.

True False

In an amplifier with a PNP transistor, the DC voltage on the collector is
more positi'\Le than that on the emitter:

L] True

False

A resistor—transistor logic (RTL) circuit produces a high output when the
transistor is in ...

|| saturation || active mode M cutoff

A resistor—transistor logic (RTL) circuit consumes power ...
&When the output is low

g when the output is high

L] only when in transition between states
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2 BJT CHARACTERISTICS AND BIAS (33%)

2 BJT Characteristics and Bias (33%)

Consider an NPN BJT with g = 200 and V4 = 100 V. The transistor can
operate with Vog up to 20 V, and a maximum current of 30 mA.
2.1 Characteristic Curves

Draw the characteristic curves with six different, equally spaced base currents
from zero to the value at which the maximum collector current is reached.
Label the axes and the different curves.

I3 — ™ IOW% /3 '-__/"33\0“ A4k

N

» R
I Characteristic Curves fe - \& V
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2 BJT CHARACTERISTICS AND BIAS (33%) 2.2 DC Circuit

2.2 DC Circuit

Now suppose we have a circuit such as the one shown below. The supply
voltages are Voo = 12 V and Vg = 3 V. Design the circuit to bias the
transistor so that the operating point is Vog = Viee/2 and I = 10 mA.

Specifically, choose R- and Rp.
v

- dv (A0
Re (O mR
- 3-°3 V
S o

- 03 ke Y200
= YLk

Rp = 4% k Ohms.
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2 BJT CHARACTERISTICS AND BIAS (33%) Small-Signal Parameters

2.3 Small-Signal Parameters

Determine g,,, 7 and 7y at the above DC operating point.

9, Fo  j0«A A

N S ¢ X s

1 <</
(3= P asovyvay

T = SN
S Peeee LIS
()%L V‘q:— IQQV

- /Ob‘ W: ’Q[/\
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2 BJT CHARACTERISTICS AND BIAS (33%.4 BJT Amplifier Circuit

2.4 BJT Amplifier Circuit

Add a source and load resistor with coupling capacitors to make an am-
plifier circuit. Draw the actual circuit with the transistor symbol and all
components shown.

Actual Amplifier Circuit

12\

Vir ifl\(!\\/,,ﬁ

<k

=

b S

Draw the AC circuit with the small-signal model of the transistor.

AC Amplifier Circuit -
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2 BJT CHARACTERISTICS AND BIAS (33%.4 BJT Amplifier Circuit

Compute the open—circuit voltage gain for your circuit.

Ays—=200 Re =03\ (M)
‘ 8
Rell A § 90

=—24Q

=240
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3 BJT LOGIC (33%)

3 BJT Logic (33%)
Consider the NAND gate shown in the figure below.
VCQT SV

[ L
\/A A Vout

\/B 2Dk
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3 BJT LOGIC (33%) 3.1 A False and B True

3.1 A False and B True

Assume that input V4 = 0 V is “low enough” that the upper transistor is
in cutoff and Vg = 5 V is “high enough” that the lower transistor is in
saturation. Draw the DC circuit using the appropriate DC models for the
transistors. Label the voltages and currents.

DC Circuit: + {/

W Vb
—

2 0K

VW%Fjdw

—

What is the outplyage‘? What is the ideal output voltage with both

inputs true? g
out

Ideal Output

/ Volts.

SV

Volts.
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3 BJT LOGIC (33%) 3.2 A and B True

3.2 A and B True

Repeat for the case that the inputs V4 =5V and Vg = 5 V are both “high
enough” that the transistors are in saturation. Draw the DC circuit using the
appropriate DC models for the transistors. Label the voltages and currents.

DC Circuit:

What is the output voltage? What is the ideal output voltage with both

inputs true?
o 4
‘/out = Volts.

Ideal Output O Volts.
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3 BJT LOGIC (33%) 3.3 High Input Limit

3.3 High Input Limit

We want both inputs to be true as in Problem 3.2. What is the smallest
value of V4 that will produce a base current of 100 pA? We'll assume that
this is more than enough to ensure that the transistor is in saturation, and
we’ll call this limit Vig.

\/,q~ 0.-yv :lﬂbqﬁ x 20 000.10
Ve = 2V +0.9V

2.9V

Vin =
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