EEI21B — Midterm

UCLA Department of Electrical & Computer Engineering
EEIQIB — Principles of Semiconductor Device Design
Winter 2019

Midterm 2, Feb 21 2019, (100 minutes)
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aus Is a closed book exam — you are allowed 2 pages (A4 size) of notes (front + back). ;l:are allowed to
use a calculator. You are NOT allowed to use other electronic devices such as laptops and cell phones
Check to make sure your test booklet has all of its pages — both when you receive it and when you tun.1 itin.
Remember — there are several questions, with varying levels of difficulty, be careful not to spend too much
time on any one question to the exclusion of all others.

~ Exam grading: When grading, we focus on evaluating your level of understanding, based on what you have
written out for each problem. For that reason, you should make your work clear, and provide any necessary
explanation. In many cases, a correct numerical answer with no explanation will not receive full credit. and a
clearly explained solution with an incorrect numerical answer will receive close to full credit. CIRCLE

YOUR FINAL ANSWER.

If an answer to a question depends on a result from a previous section that you are unsure of, be sure to write
out as much of the solution as you can use symbols before plugging in any numbers, that way at you will still
receive the majority of credit for the problem, even if your previous answer was numerically incorrect.

Please be neat — we cannot grade what we cannot decipher.

Max Points Your points
Problem 1 15 13/
Problem 2 25 19 \
Problem 3 20 S X
Problem 4 20 20 |
Problem 5 20 \3 J
Total 100 88 i




Properties of Si (at 300K) Properties of GaAs (at 300K) Physical constant
ants

Symbol Value [ Symbol T —
Es 1.12eV Eg 142 eV Symbol | Value
N 3 x10%cm~3 Ne 4 x 107 em-3 q 1.6 x 10719 C q
| N, 2 x 10%cm~3 N, |9 x10®cm3 kT/q 0.026 V
ni 10%m™3 n 2 % 10° crn 3 2 8.85 x 1071 F/C%\
ErSi 11.8 Er,GaAs 13.2
& Si02 3.9 To 109
To 107°s X 4.06 eV
X 4.05eV
£si= &o&rsi | 1072 F/cm

Carrier mobility in silicon
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Intrinsic carrier concentration vs. temperature

1070 g r —
= Si
3019 Je o | / /;' =
‘036 G\\ //p//;//’/
= \ =
ALY // / //,/ GaP =
/ =

ol

EA
= [V 4

WENN/
BN
WL
o B
B

0 200 400 80O BOG 1000 1200 1430 1600 1800
TEMPERATURE IN K

fy (em™3)




213 o>

e BTN

¥
l ( A e G BNl Kmanionam Crvsernnry

Question 1) [15 points]

|| Most simpiitied case:
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The electric-field distribution in a Si pn step junction maintained at 300K is shown below
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a) [5 pts] Is the p-type side or more heavily doped? (Circle one.)
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b) [5 pts] What is the value of net dopant concentration on the side that is more lightly doped?
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¢) [5 pts] What is the value of bias volt

that one side is degenerated doped.
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age (Va)? Is the pn junction forward or reverse biased? Hint: you may assume
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Question 2) [25 points]

Consider an idea] MOS capacitor

Gate materia] is n*
Substrate ig D

a) [10 pts] Sketch the energy-band

ain

polycrystalline-silicon (w
Si, with doping concentr

ined at T = 300K with the following parameters:

ork function Dy =405

eV)
ation 10'7 g3

diagrams of the MOS capacitor for Vg, = Ves. Annotate and calculate qVes.
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b) [15 pts] Sketch the energy-band diagrams (labeling 7, 9’¢S’,q V"f’, 1o nume‘:rlca'l“vaél:es r:?::l,r:rszj:
charge diagram, for the following bias conditions: i) Accumulation, ii) Depletion, iii) Strong
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Question 3) [20 points]

Consider a semiconductor PN diode as below: (o0 edue> ok /o AWy,
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b) [10 pts] When the diode is forward biased, sketch the current de!rlsity (of both majority carrier and minority
carrier in the same plot) vs. position of the diode (you can ignore the current density changes inside the depletion
region). Label important values. p{"’cm—] '
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Question 4) |20 Points]

The excess hole ¢o
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a) [5 pts] Calculate the minority-carrier charge stored in this diode, Q,.
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LS sinplined case:

/ Cp domiuntes witn woeviate - Borwon 4 bier §
¢) [5 pts] With the biaé shown in th
e figure, esti , .
b= 63 + LD g estimate the small-signal Capacitance, (', of this junction.
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d) [5 pts] Qualitatively, sketch theransient response of the junction and the case with T, decreasing by a
factor of 4 (on the same diagram). Explain briefly the reason of response change.
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Question 5) [29¢ points] t
a) [10 pts] C
/ Na X i ) Consider he ticon PN Juner
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b) [10 pts] Now considdr a P-N-N* Junction where the N* region has doping Np=10""/em’. If L>>x, from part a).
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raw the band diagrams, charge density, electric field and potential distribution vs position x with as much detai
as possible.
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