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q Lk Name:

EE 2 Midterm
(120 points total)

2 November 2015

Read the question and the possible answers before attempting any calculations. Write your
name on the first page (each page if you separate the pages for any reason).

Section 1 (60 points) Multiple choice Circle the correct answer. (50 pts.) There is no
penalty for guessing. An educated guess with at least 50/50 probability is possible on
most problems. There is no partial credit on Section 1 (Multiple choice). . _ '
dono 7 ys tn #-10
e 1. (4 pts) A sample of GaAs is doped with Arsenic (Ng = 2x10'® /em® ). What is the
approximate equilibrium concentration of holes in the sample at 300 K.
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a. 2 x 10" /em® b.1x10* c. 1.45x 10" @ 10
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(4 pts) A sample of Germanium has an intrinsic concentration of 2.4 x 10" /em’

at room temperature (300 K). What is the approximate intrinsic concentration at
450 K? ‘
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@ M pts) A sample of silicon is doped with Phosphorous at Ng = 10", Which of the
fo

llowing is closest to the equilibrium electron concentration at 25 K. cloge o OK

@ 10" /em’ b.2x 10" d.2.8x 10"

@ /4/(5 pts) A semiconductor has a bandgap of 1 €V and an etfective density of states

in the conduction band of 3 x 10" . It has n-type doping Ny = 10'® and p-type

/
; . N el
2 ”75\‘\ doping N, =7 x10"°. What is the position of the Fermi level relative to the Eﬁ

\QL conduction band at 300 K (E¢ - Ef).

@o.zos eV b. 1.00 eV c.0.239 eV d. -0.208 eV
E -F = 0.0154-|n/3cd _ ) =
B }Tgt \ 107
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(5 pts) From the 4 choices below which is the longest wavelength that a pyre
' sample of InP will strongly absorb.

I a. 0.20 pm b. 2.0 pm )1.20 pm

6. (5 pts) The classical momentum px corresponds to which of these quantum

operators.
d R L d. L’

a. — = C. —
ot Jox Jj ax? 2

o 77 (5 pts) Electrons in a semiconductor when undoped have a mean time betwee:n
@ collisions of T = 10 nsec. When doped only with substance A at a concentration
of X, t=0.2 nsec. When doped only with substance B at a concentration Y,
t = 0.3 nsec. What is the approximate mean time between collisions when doped
with both substances?

a. 0.5 nsec ®10.5 nsec d. 0.21 nsec
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8. (5 pts) The probability of occupancy of electron states with energy E=Erat 300 K
is:
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a. 1 @0.5 c. exp[-Ep/kT] d. 103

o 9. (5 pts) Undoped silicon is uniformly illuminated to produce steady state excess - 14
carriers of /em’ (both electrons and holes). If the recombination lifetime isA =10

10 nsec (107 second}s), approximately how long will it take for the excess charg -
to reduce to 10''/cm’ (making it nearly intrinsic again). %’\ —\0

@70 nsec b. 7 nsec c. 10 nsec d. 140 nsec /)v |0
= 0‘5
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Referring to the band edge diagram above, answer the following questions. You may
assume that the doping varies slow throughout and that charge neutrality is
maintained. Thelgemiconductor isisolated- No calculations are necessary. Choose

only one answer (there may be more than one correct answer... choose one only!)

10. (3 pts) Where is the electron concentration highest?

G b. Xp o Xe d. X4 e. Xe

11. (3 pts) Where is the hole concentration highest?

a. Xa b. Xp E C. }c d. X4 e. Xe

12. (3 pts) At which of the following pairs of points is electric field equal in
magnitude and sign?

a Xg Xp b Xps Xc ¢, Xy X @x4, Xe e. Xp, Xe

13. (3 pts) Where is electric field nearly zero (choose one, there is more than one
right answer)?

a. X, b. Xp @ X¢ d. X4 e Xe

o 14. (3 pts) Is the semiconductor in equilibrium?

@ b. No ¢. Can'ttell

15. (3 pts) At which point do holes diffuse to the left?

a. Xa @q, c. X¢ d. Xg e. Xe



EE2 Fall 2015 Name: _

Section 2: Problems (60 points)

Show your work. Full credit for the correct answer with worlf showq. Sensnb}e answ:zrs
(correct order of magnitude) get partial credit. Generous partial credit for an incorrec

answer with the correct ideas if clear and brief. Negative credit for irrelevant or incorrect
equations.

5.(30 pts) Optical Switch

Consider a thin slice of pure (intrinsic) silicon uniformly illuminated as shown below.

The slab is thin enough so that carriers are generated uniformly throughout under steady-
state illumination.

a) (10 pt) Write an expression for the resistance
l illumination. We want the end to end resista

concentrations, mobilities and dimensions.
R= pL L VI

Whingic  resishinee.
+ w

T - e (naty '—f/’(p) o inbrlsie values 4o
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Vg w7 Yaem Aycm

b) (5 pt) Calculate the resistance (without illumination) under the conditions that t =

1.Opm, L =100 pm, W = 25um (additional values you may need can be found j
the table on the formula sheet)
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¢) (10 pt) Write an ¢
signify the unifo
variables you intréd

unknown.
‘;\‘chk
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pression for the resistance under illumination. Use G, to

optical generation rate of electron-hole pairs. Define any ,
uce and indicate which parameters are known and which are Pt
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d) (5 pt) Now assume that the slab is under an illumination of Go,=10 EHP/cm sec. p, = h

5 Suppose a rc.s1stancc measurement is made under this condition resulting in a > ZO

resistance 10™* lower than the resistance in b). Calculate the carrier lifetime.
[Hint: you can do this calculation without any of the information in a, b and ¢]
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2. (3‘0 pts) Diftusion in a short base diode.

A slice of n-type semiconductor has the boundary con
a steady supply of excess holes, 3p(0)=Ap. and at the ot
the equilibrium value, py.

ditions shown. Atone end there is
her end the hole concentration is

a. (10 pts) Derive an expression for Sp(x) = p(x) = po in terms of the minority carrer
diffusion length, Ly, the dimension, L. and the boundary value excess charge, 2[ W ‘ﬁ
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b. (10 pts) VERY IMPORTANT — Draw p(x) from 0 to L, on a linear scale for: two
cases A)L;=10L, (L) >>L;) AND B) L; =0.1L; (L, << Ly). (Use the graph above
A an

a
(Next page for part ¢ !!!)
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¢ (5 pts) Simplify the expression you obtained in a) for the case where L, >> L;. [Hint:
the Taylor ex

pansion fore* = | +x, for very small x.]

e
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d. (5 pts.) Write an expression for the hole current density at x=0 for the L, >> L, case
in terms of known quantities (L;, L, Ap and material constants)?
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e. (5 pt bonus) If the stmiconductor is n-type silicon with Ng = 1 0'® and the dimension n.=2
Li=0.1 um, Ap = px10", L, =100 pm and cross sectional Area = 100 pm”>. What ¢

(4
is the hole current it x=0? M

Y (x)= TP(O) = —QDP('-\\—LEP> 3;7-\0“3
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