EE2 Fall 2016

EE 2 Midterm
(120 points total)

31 October 2016
' Read the question and the possible answers before attemp
| name on the first page (each page if you separate the pag

’ // Section 1 (60 points) Multiple choice Circle the correct answer. .. There is no penalty
\/\9@ for guessing. An educated guess without calculation and with at lcast 50/50 probablmy is

possible on most problems.
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1. (4 pts) A sample of GaAs has an intrinsic concentration of 1.8 x 10° /cm? at room
temperature (300 K) What is the approximate intrinsic concentration at 450 K?

a 2x10°

(4 pts) A sample of silicon is doped with Phosphorous at Ny = 10'°. Which of the
following is closest to the equilibrium electron concentration at 25 K.

a. 8x10" /em® (6) 10" ¢ 210" d.2.8x 10"’
n 510 Y2 (D
3. (5 pts) In the finite square potential well are the tollowmg statements Tmeor.J 2
[ False:
| \ /[/ a) The wave function of a bound state can be non-zero outside the well 1z
\ _—~ b) There are an infinite number of bound states in the well a :¢ {'-g (9\)
i~ &

a. a-True b-True @ a-True b-False  c. a-False b-True  d. a-False b-False

w

A\
74. | (5 pts) Band structure calculation of a new semiconductor results in the following
v rclatlonshxp between energy and k~vector at the conduction band minimum:

_ LAY
: m,

What is the effective mass of electrons (expressed as a multiple of the free
| electron mass my) in this new semiconductor?

a. 3.6my b. 0.28my c. 7.2my Q/ .14my




EE2 Fall 2016

Name:
3 _

5. (5 pts) From the 4 choices below which is the lon
sample of GaSb will strongly absorb.

o

e 7N =
Q 1.20 um ) b.2.0 um ( 270.20 um d. 0.60 um

6. (4 pts) Given the following wave function of a particl
well, determine the energy of the state:

gest wavelength that a pure

e (mass =m) in an infinite
Ve o

2 \

Vi s
v (x)=F sl W) =0

; 232 y 232 ; 222
a. E:”h7 bAEz()\/'”h_ c. 971‘1\ d.E:J'T)‘Zw
2mL* 2mL > 2mL’ 2ml?

7. (5 pts) An unknown semiconductor has a mobility of 3000 cm?/Vs when doped at
Ng=10"/cm® and a mobility of 6000 cm?/Vs when doped at 5x10'® /cm®, What
is the best estimate of the mobility when doped at 1.5x10'72

a. 4500 cm”/Vs b.3000 cm™/Vs ¢ 700 em¥Vs d) 2000 cm*/Vs
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8. (3 pts) In any system in equilibriu

m the percentage of occupied electron states
with energy E=Epat 300 K is:

@50% b.<1% ¢. exp[-Er/kT] d. 100%

. s 1.l 6
e = M5y
Py

9. (5pts) Undoped silicon is uniformly illuminated to produce steady state excess
carriers of 1.45x10"* /om? (both electrons and holes). When the light is turned
off, the electron concentration reaches 27; in 400 nsec. What is the approximate
value of the recombination lifetime? A -3

a. 13 nsec ~ b.400 nsec /@ 43 nsec d. 800 nsec
f ) a ) Yy -9

—‘l




Referring to the band-edge diagram above, answer the following questions. You may

assume that the doping varies slowly throughout and that charge neutrality is

mair}tainedA The semiconductor is isolated. No calculations are necessary. Choose

only one answer (there may be mQre than one correct answer... choose one only!)
oo =

7

10. (3 pts) Where is the doping concentration lowest?

ﬁ} Xa b. Xp c. X¢ d. Xq e. Xe
11. (3 pts) Where is the clectron concentration highest?

{a. Xa b. Xp c. X¢ d. Xg e. Xe

12. (3 pts) At which of the following pairs of points is built-in electric field highest in
magnitude? \

4 - L
a. X Xe Q);ﬁ’i ﬁl?) e Xe Xd d. Xg, Xe /ﬁb/xc
13. (3 pts) Where is the hole concentration approximately equal to n;?
@ Xa b. Xp c. X¢ d. Xq e. Xe
14. (3 pts) Is the semiconductor in equilibrium? = 2 . vk e
a) Yes b. No c. Can’ttell
15. (3 pts) At which point do holes diffuse to the left?
a. Xa q:)xb c. X¢ d. Xq e. Xe
16. (2 pts) Wheré ’is the product ofhole and electron concentration largest?

5 ~
a. Xq b. X c. Xe {d—cqual
everywhere
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Section 2: Problems (60 points) A

Show your work. Full credit for the correct answer with work shown. Sensible answers
(correct order of magnitude) get partial credit. Generous partial credit for an incorrect
answer with the correct ideas if clear and brief. Positive credit may be negated if
irrelevant or incorrect equations are included (keep clutter to a minimum!).

-d before starting]

437 1. (30 pts) Scaled Resistors [Read all 4 parts.-a-b
Consider two thin slices of n-type silicon (doping Ng >>ni). The slice above is the
“long” slice and the slice below is the “short™ stice with dimensions as indicated (L, W
and £ have the same meaning in both illustrations, that is, the length and width of the
short slice have been reduced as shown but ¢ is unchanged. The slices are not drawn to
scale).

a) (5 pt) Write expressions for the resistances (Riongs Rshor)) 0f the two slices in the
low voltage limit. We want the end to end resistance in terms of charge, electron
concentration (n), mobility (1) and dimensions (L, W, t). Do not plug in any

numbers yet! : L = ] )
Rs s | Rbcm: “L”‘( s

) | MJ ] e \
| ] 9 epn LEw |
Lirce R = L
>ihee V) 200 s [ 2 i
st J oh(T £
I s N, - o \ R T e

P05 £ < spovy = Ckgv\’x b
b) (5 pt) Calculate the resistances (Riong, Rshort) under the conditiens that Ng=10"", t
=0.1 pm. L =100 pm, W =25um, maximum applied voltage = 0.1 V (additional

g N .l values you may need can be found on the formula sheet)
Shot” L 15" NyS7 e EsN o
1) ) ¥ o il - & o a > ] =
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Name:

- ¢) (10 pt) Sketch the current-voltage (I-V) characteristics of both resistors on the plot

provided below for applied voltages from 0 to 5V (marked on scale). Provide
values for the current on the vertical scale

oo
AN ’ 25 o ﬁ\@;,

| i {
RN RAREN RN RRR R R

= 5
I .2'\7 3 4 5V 7

5 Bx = v RW =5

Tx koMY L(,\ A Is © - &

d) (10pt) Wnte a general expression for the current as a function of voltage and
-7 other material constants (given quantities: Ny, L, W, t, V, AND parameters you
know for Silicon). The expression must be valid for the entire range of voltage (0
to 5V) for both resistors. Calculate this value at 5V in both resistors.
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2. (30 pts) Unknown Semiconductor - A semiconductor

. (not silicon) at 300 K has
Ne =N, = 1.73x10"%%cm’, ;= 1.73 x 10'5/em?,

a. (15) A sample of the semiconductor is doped with n-type dopant Ny =3 x 10'°

- Calculate the equilibrium concentrations 7, and Do

A DG nis closed to \/

- i @

IN, jw € wnee g’ﬁ WA/VO
E- 2

) @*Na{xmv " /a I s RN 7
Pt Wyr P, Pan®
Mo ) T The %
n s Ny % . ‘ o
2 'm—o+ Nr* 13“%97%6%0'“
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n s NgE N N (D6 ¢
0 kB E
al
Ng=8x 10"

ple of the semiconductor is doped with n-type dopant
- Calculate the position of the Fermi level referenced to the
—————nearest-band edge (not E;).

!/]SN CX]’)(D’/:C':C
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NP INEN!
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Do | 2l0 )(,ozécﬁ); 5. -5
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¢. (5) Calculate the bandgap of this semiconc L
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3. (5 pts Bonus) Diffusion in a short base diode.
A slice of n-type semiconductor has the boundary conditions shown. At one end there is
a steady supply of excess holes, 3p(0)=Ap, and at the other end the hole concentration is
the equilibrium value, po. Lo
>
a. Sketch p(x) from O to L; for: A) L, = 10L, (L, >> Ly) AND B)L; =0.1L, (L, <<
Lp). (Use the graph below and label the traces A and B). Only the sketch counts, you
may use the space for any calculations but they won ’t be graded.

POOA -
v —_
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L.
Please answer the following survey questions prior to handing in your test (The survey
questions have absolutely no impact on your grade):

Q1 — Which of the following TA sections do you attend:
9-10am 1-2pm \ 3?‘,4pm 4-5pm*
Q2 — How many section meetings have you attended:

0/5 1/5 2/5 3/5 4/5 5/5

Q



